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ABSTRACT 

The effects of environmental stability on benthic community structure were exam

ined at eleven sites (ten streams and a wind-swept lake shore) in the Cass

Craigieburn region, New Zealand. Physicochemical conditions, apart from stabil

ity, were similar at all sites. Epilithic biomass was considerably higher at the more 

stable sites, but the composition of periphyton communities, and amounts of 

benthic organic matter present were more strongly influenced by the nature of the 

riparian vegetation than by stream stability. 

Invertebrate species richness and density were markedly higher at the more 

stable sites, but species evenness peaked at sites of intermediate stability. Sites of 

high and low stability had species-abundance distributions that were modelled 

best by the log series distribution, whereas sites of intermediate stability were 

modelled best by the log normal distribution. Communities were dominated by a 

common core of taxa at all sites, although their relative abundances changed 

markedly between sites. Differences appeared to be related to a combination of 

environmental stability and site location (e.g., in forest or grassland). Persistence 

of the dominant taxa was high at all sites, but persistence of the entire fauna was 

higher at the stable sites. 

Communities at the more unstable sites appeared to be less complex and were 

expected to have higher resilience (i.e., ability to recover from disturbances) than 

those at more stable sites. Analysis of the local stability of community matrices in

dicated that matrices were unstable at all sites, although those at the less stable 

sites had eigenvalues closer to the stability criterion. These sites also had higher 

theoretical resilience if eigenvalues beyond the 'criterion for stability were ig

nored. An experimental study of recovery rates in four streams of different stabil

ity did not provide any support for higher resilience at less stable sites, all commu

nities recovered at a similar rate. The composition of invertebrate communities at 

several of the less stable sites could be attributed to simple random colonisation 

processes; but community structure at the stable sites could not, although the 

reason for this remains unclear. 

Finally, food web structure was strongly influenced by environmental stability, 

with shorter food chains, higher connectance and an overall more variable struc

ture in the less stable streams. This may be a direct response to stability per se or 

mediated by it indirectly through its effect on the food base of the communities. 
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One of the central issues in community ecology throughout this century has been 

whether or not the collection of species populations in a particular habitat can be 

considered a structured entity (Roughgarden, 1989). Are they simply the species 

that happen to arrive at a site, or are they a special subset with properties that 

allow their coexistence? Answers to these questions were initially split between 

two schools of thought, one founded by Elton (1933), who believed a community 

was an organised entity with limited membership, and the alternative view initi

ated by Gleason (1926) that communities resulted from a combination of chance 

immigrations and the effects of fluctuating and variable environments. 

During the 1960s and 70s advances in theoretical ecology, further developed 

the view that communities were entities oflimited membership structured by com

petition and to a lesser extent predation (Cody & Diamond, 1975). Attempts 

during the 80s to find empirical support for the concepts and theories proposed in 

the 1960s and 70s met with limited success, however (Roughgarden, 1989). Be

cause of this, there has been a swing away from the largely deterministic view of 

community structure to one placing more emphasis on non-equilibrial and sto

chastic processes (Strong et aI., 1984; Diamond & Case, 1986). This swing has not 

been complete however, and both the empirical (Schoener, 1986a) and theoretical 

(DeAngelis & Waterhouse, 1987) nature of communities are now seen to be more 

pluralistic with most lying somewhere on a continuum between the extremes 

where communities will be structured entirely by deterministic processes, or solely 

by stochastic processes (Giller & Gee, 1987; Cody, 1989). 

Within the context of this debate over the relative importance of stochastic and 

deterministic forces, the question of what determines species diversity and how 

this affects community stability (i.e., the ability of the community to persist in the 

face of disturbances) has been one of the major topics of contention. The stabil

ity / complexity dilemma, i.e., whether more or less complex communities have 

greater stability has also evolved through the latter part of this century (May, 1981; 

McIntosh, 1987). During the 1950s and 60s it was generally held that more com

plex communities should be more stable (MacArthur, 1955; Elton, 1958), how

ever, the mathematical modelling approaches of the 1970s (e.g., Gardner & 

Ashby, 1970; May, 1972) led to the converse view, and now less complex commu

nities are generally considered to be more stable (May, 1981; Pimm, 1982) at least 

in theory. Debate centring on the stability/complexity relationship has however, 

also become pluralistic, and it is now acknowledged that both the scale of distur

bances, and the specific nature of the communities will alter the effects of in

creased complexity on stability (e.g., DeAngelis, 1975; Pimm, 1982). 

Although the concept of diversity has been useful for comparing ideas about 
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communities of different types, it incorporates very little information on the struc

tural and functional nature of a community. To this end, the emergence of food 

web theory (Cohen, 1978) has been seen as a major advance (Roughgarden, 1989). 

Thus, while it is still possible to compare comrimnities of very different types, 

much of their structural and functional nature is retained. Food web studies have 

uncovered a number of general patterns common to a broad spectrum of commu

nities, although the underlying reasons for these patterns are not so clear (Lawton 

& Warren, 1988; Lawton, 1989). 

Whereas the main stream of ecology has advanced through both the develop

ment of theory and the empirical testing of theories, lotic ecology has until very 

recently remained an essentially descriptive science, seemingly oblivious to the 

theoretical basis of ecology as a whole (Barnes & Minshall, 1983; Hildrew & 

Townsend, 1987). Nevertheless, although it was slow to develop, a dichotomy 

between the deterministic and stochastic views of community structure has also 

arisen in studies of stream invertebrate assemblages. The view that benthic com

munities are most strongly influenced by stochastic forces, such as disturbances 

has been propounded by some (e.g., Reice, 1985; Lake & Barmuta, 1986; Lake et 

al., 1988), whereas others (e.g., Hart, 1983; McAuliffe, 1983; Minshall et at., 1985) 
have considered that benthic communities lie on a stochastic - deterministic con

tinuum, and that their position on this continuum is related to environmental sta

bility. Proponents of this latter view, also emphasise temporal and spatial scale as 

important determinants of the relative position of communities along this contin

uum. Even some workers who consider that most stream communities are struc

tured predominantly by stochastic events do admit that it is at least theoretically 

possible for deterministic communities to develop in more "benign" (sensu Peckar

sky, 1983) environments (e.g., Lake & Barmuta, 1986). The principal bone of 

contention therefore seems to be whether or not, such benign conditions ever 

occur in stream environments. 

Discussions about lotic community structure have to date been concerned 

mainly with the importance of competition (Hart, 1983; McAuliffe, 1983) and 

predation (Peckarsky, 1983, 1984) as structuring forces in benthic communities. 

Very little consideration has been given to other topics central to discussions in 

main-stream ecology, such as the stability/complexity dilemma, food web theory, 

community persistence and resource partitioning. Although some exceptions to 

this include Bruns & Minshall (1983) (stability/complexity dilemma), Hildrewet 

at. (1985) (food web theory), Meffe & Minckley (1986) and Townsend et at. (1987) 

(community persistence), and Hildrew et at. (1984), Tokeshi (1986), Tokeshi & 

Townsend (1987) and Rader & Ward (1989) (resource partitioning). 



Chapter 1: General Introduction 4 

Furthermore, although both the stability/complexity dilemma and food web 

theory have received considerable theoretical investigation in main-stream ecol

ogy, there have been few empirical studies undertaken to test these theories. Food 

web investigations in particular appear to be based almost entirely on 113 food 

webs (of variable quality) collated from the literature (Briand & Cohen, 1987) 

(although several more recent studies have begun to redress this problem, for 

example, Pimm & Kitching (1987), Warren (1989) and Winemiller (1990)). One 

aim of my study was therefore to collect more empirical data relating to food web 

theory, in particular, what influence environmental stability has on food web struc

ture. 

The central objective of my study was therefore to investigate the effect of 

environmental stability on benthic community structure by comparing communi

ties in streams of differing environmental stability, but similar physicochemical 

conditions. In particular, I set out to examine whether these communities could be 

considered unstructured assemblages of chance colonists, or whether differing 

levels of environmental stability placed or lifted constraints on community struc

ture. That is, do the communities of more unstable streams have any particular 

characteristics that allow them to persist (if they do) in the face of continual distur

bance. 

MEASUREMENT OF ENVIRONMENTAL STABILITY 

In order to do this, I had to be able to measure the environmental stability of my 

study sites. The definition and measurement of stability is perhaps the biggest 

difficulty encountered in examining the influence of environmental stability on 

community structure, in both streams and elsewhere. Low environmental stability 

is generally associated with increased disturbances, however, disturbances can 

differ in frequency (number of disturbances per unit time), intensity (physical 

force of the event per unit time) and/or the area affected by a particular distur

bance. To what then does increased disturbance refer; increases in frequency, 

intensity and/or the affected area of a disturbance? The effect of each of these 

components of disturbance on community structure is likely to differ, and may also 

be different depending on the particular community involved (Miller, 1982; Pick

ett & White, 1985; Petraitis et al., 1989). In fact the meaning of the terms distur

bance, disturbance frequency and disturbance intensity are themselves often not 

very clear (White & Pickett, 1985). For the purposes of this study I adopted the 

definitions proposed by White & Pickett (1985), that a disturbance is " ... any rela

tively discrete event in time that disrupts ecosystem, community, or population 
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structure and changes resources, substrate availability or the physical environ

ment ". Similarly, frequency and intensity of disturbance, are used as defined by 

White & Pickett (1985) to mean the number of disturbance events per unit time, 

and the physical force of the event per unit area per unit time, respectively. 

In their review of disturbances in lotic systems, Resh et al. (1988) refined this 

definition to include only those events outside a predictable range of environ

mental variability. This introduces another component of a disturbance, namely 

its predictability. They considered that predictability must be included in the defi

nition of disturbance because organisms may well be adapted to withstand pre

dictable seasonal fluctuations (although they admit the generality of this conten

tion needs further investigation), and therefore do not represent disturbances to 

the organisms concerned. In my opinion, environmental stability is related to the 

area, frequency and/or intensity of disturbances, irrespective of how predictable 

they may be. For example, the most unstable site included in my study had spates 

(i.e., disturbances) in most months, and on this time scale, the occurrence of these 

spates can be considered highly predictable. However, they still resulted in the 

tumbling of stones and the loss Of animals and periphyton. Does this mean a spate 

in this stream is not a disturbance because it is predictable in time or does it mean 

that it is a disturbance because these animals have not adapted to it? To the ani

mals displaced or killed, a spate is surely a disturbance, despite its predictability. 

It is all very well to define stability and disturbance, but actually measuring 

them in the field is another matter. The principal aim of my study was to compare 

the benthic community structure of streams differing in environmental stability. 

To achieve this it was therefore necessary for me to measure environmental stabil

ity objectively. Having defined a disturbance as anything " ... that disrupts ecosys

tem, community, or population structure and changes resources, substrate availa

bility or the physical environment II it was necessary to know a priori whether 

changes in any given variable were likely to affect ecosystem, community or popu

lation structure. Unfortunately, although the effects of some environmental vari

ables (e.g., discharge) are relatively clear, this is not always the case. 

Increases in discharge have been shown to affect invertebrate communities 

(Siegfried & Knight, 1977; Fisher et at., 1982; McElraVy et at., 1989; Sagar, 1986; 

Scrimgeour & Winterbourn, 1989), probably by inducing substrate movement, 

and therefore substrate stability would seem one obvious measure of environ

mental stability. However, stone movement may be the result of many small dis

turbances (increased frequency) or a single large disturbance (increased inten

sity), its measurement is therefore a measure of environmental constancy not the 

frequency or intensity of discrete disturbance events. It is also well known that 
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variations in water temperature influence aquatic invertebrate life histories, me

tabolism and growth (Sweeney, 1978; Vannote & Sweeney, 1980) and tempera

ture range has been used as a measure of environmental stability in a number of 

North American studies (e.g., Stanford & Ward, 1983). However, temperature 

range is also a measure of the constancy of an environmental variable not the 

frequency or intensity of it's effect. 

Substrate movement and temperature variability almost certainly affect ben

thic invertebrates although probably in different ways, however, neither is discre

tely associated with either disturbance frequency or intensity. In order to measure 

environmental stability at my study sites it was therefore necessary to measure 

changes in environmental variables rather than the intensity or frequency of dis

crete disturbance events. It was also necessary to measure several such variables 

as no single variable can provide an all encompassing or consistent measure of 

stability. I therefore measured six variables to assess environmental stability; 

substrate movement, the Pfankuch stability index, variation in depth, variation in 

current speed, temperature range and stream reach tractive force (see Chapter 2 

for details). 

SPECIFIC AIMS 

In addressing my overall objective to investigate the effect of environmental sta

bility on benthic community structure I examined a number of aspects of benthic 

community structure. 

Specific questions addressed in this thesis are: 

1) Does environmental stability affect the food base of the communities and if 

so how? 

2) How does environmental stability affect diversity (both species richness and 

evenness)? 

3) Are the species-abundance distributions of these communities related to 

environmental stability? 

4) Do communities in unstable habitats have lower persistence than communi

ties in stable habitats? 

5) Do communities in habitats of lower stability have higher theoretical resil

ience; measured using the local stability criteria of their community matrices? 

6) If some communities are more resilient than others what community charac

teristics (e.g., complexity) may account for this? 

7) Do theoretical measures of resilience correspond to the actual abilities of 

these communities to recover from disturbances? 
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8) Are changes in resource utilization patterns found with increasing environ

mental stability, and if so could they be the result of competition? 

9) Could the observed communities have been created by random colonisation 

from the available species pool, and could random colonisation also explain re

colonisation patterns following disturbances? 

10) Does food web structure in these streams conform to patterns recorded for 

communities in a wide range of other habitats? 

11) Does environmental stability affect food web structure? 



CHAPTER 2 

STUDY AREA 
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INTRODUCTION 

All study sites are small water bodies that eventually flow into the Waimakariri 

River, in the Cass-Craigieburn region of the Southern Alps, New Zealand (Fig. 

2.1). 

THE CASS-CRAIGIEBURN REGION 

Physical Description 

The Waimakariri River catchment was formed when fault movement raised the 

Southern Alps during the late Tertiary and early Pleistocene, 20 million - 1 million 

years ago (Hayward, 1974). Late in this period, severe ice action gouged the major 

faults into river channels giving the catchment its basic shape. This was subse

quently modified by the action of five successive glacial advances, each of which cut 

the valleys a little deeper. Each time they withdrew, they exposed steep greywacke 

(hard grey sandstone) and argillite (dark grey mudstone) mountain slopes to the 

wind, rain and frost. The resulting shattered rock fragments then either moved 

downslope to accumulate as screes, or were regrouped by the rivers into alluvial 

fans and terraces. 

Soils were formed as the mountain slopes eroded, allowing the establishment of 

plants, initially on the more stable slopes, but later in the steeper areas. By the time 

Polynesians occupied Canterbury, forest (beech in the upper reaches merging with 

podocarp and broadleaf on the eastern foothills) covered most of the land below 

1,200-1,400 m, with scrub and grassland above (Burrows, 1960; Moar & Lintott, 

1977). Following human occupation, this vegetation suffered at the hands of both 

Polynesians and Europeans through fire, grazing and the introduction of exotic 

plants (Relph, 1958; Molloy, 1969). These events in combination with earthquakes 

and the repetitive freeze-thaw cycle (daily temperature extremes from below 

freezing to above 30°C during summer) led to a continuing period of erosion and 

scree formation with beech forests being replaced, except in small patches, by 

secondary scrub and tussock (Relph, 1957; Burrows, 1960). More detailed infor
mation on the geology, geography and flora of the region can be found in Burrows 
(1977). 

Climate 

Macro-climate in the area is characterised by high summer temperatures, relatively 

mild winters (given the altitude and latitude) and 1,250-3,980 mm annual rainfall, 
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Broken River 

Christchurch 

Figure 2.1. Location of the study sites in the Waimakariri River basin. The unstable sites are: Kowai 
River = 1; Whitewater Stream = 2; Dry Stream = 3; Craigieburn Cutting Stream = 4 and Bruce 
Stream = 5. The stable sites are: Porter River = 6; Slip Spring = 7; Cora Lynn Stream = 8; Middle 
Bush Stream = 9; Grasmere Stream = 10 and Lake Grasmere = 11. 
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distributed relatively evenly throughout the year (Greenland, 1977). Air tempera

ture at the Craigieburn Forest Meteorological Station, for 1964-1980, ranged from 

-9.6°C to 32.9°C, with a mean of 8°C for the same period (New Zealand Meteoro

logical Service, 1983). The monthly range at the Cass Field Station over the study 

period (June 1987 - June 1989) is given in Fig. 2.2. Snow falls on a few occasions 

in most winters, but seldom persists for more than a few days at any of the study 

sites. The catchment exhibits a wide range in annual rainfall from east to west, with 

annual precipitation at Arthur's Pass, 10 km west of Bruce Stream (the most 

westerly site), five times greater than the annual mean (100 cm) at Kowai River (the 

most easterly site) (Greenland, 1977). Consequently, there can be marked 

differences in micro-climate between individual valley basins. Rainfall records for 

the study period, from climate stations closest to each of the three main valleys are 

given in Fig. 2.3. 

THE STUDY SITES 

Introduction 

Study sites were chosen to represent a range of streams (small, large, forested, and 

open) that would differ primarily with respect to the variability of their physical 
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Figure 2.2. Monthly maximum and minim um air tem peratures recorded at the Cass Biological Station 
from June 1987 to June 1989. 
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Figure 2.3. Monthly rainfall records between June 1987 and June 1989. A. Craigieburn Forest Park 
(altitude = 914 m a.s.l) (data courtesy T. McSeveny, Forest Research Institute), B. Chilton Valley, 
Cass (altitude = 780 m a.s.l.) (data courtesy A. Sturman, University of Canterbury), C. Arthur's Pass 
(altitude = 738 m a.s.l.) (data courtesy M. Davies, Department of Conservation) (* - data missing). 

characteristics. This meant that initially, streams were categorised as "stable" or 

"unstable" based on the nature of their sources. Those that arose from either a 

spring or lake outlet were reasoned to be relatively stable, whereas streams without 

any such point source were reasoned to be comparatively unstable. The stony, 

wave-washed, southwestern end of Lake Grasmere was also included in the study 

because it appeared to be a stable environment that superficially resembled a 

stream, and has a fauna similar to that of streams in the region (Stout, 1977). The 

altitude and location of each of the study sites is given in Table 2.1. 

Unstable Sites 

Kowai River (Plate 2.1) 

A second order braided stream occupying a 100 m wide flood plain, it drains a 

catchment of predominantly subalpine tussock scrub, bare scree, and remnant 

patches of mountain beech (Nothofagus solandri var. cliffortioides). The position of 
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Table 2.1. Map location and altitude of the study sites. 

SITES Location Altitude 
(m) 

UNSTABLE 
Kowai River 43°19'S,171°47'E 610 
Whitewater Stream 43°14'S, 171°43'E 730 
Dry Stream 43°16'S, 171°43'E 790 
Craigie burn Cutting 

Stream 43°09'S, 171°45'E 760 
Bruce Stream 43°02'S, 171°38'E 640 

STABLE 
Porter River 43°16'S, 171°43'E 790 
Slip Spring 43°16'S, 171°42'E 790 
Cora Lynn Stream 43°02'S, 171°41'E 610 
Middle Bush Stream 43°02'S, 171°46'E 610 
Grasmere Stream 43°02'S, 171°46'E 580 
Lake Grasmere 43°05'S, 171°45'E 580 

the channel at this study site changed repeatedly during the course of the study, 

moving distances of up to 5 m in the one month interval between visits to the site. 

Whitewater Stream (Plate 2.2) 

A third order braided stream occupying a 40 m wide flood plain, it drains a 

catchment of predominantly tussock scrub which is grazed by sheep and cattle for 

much of the year. The stream channel moved once during the course of the study, 

the original two channels merging into one and shifting 20 m as a result of a major 

spate in September 1988. 

Dry Stream (Plate 2.3) 

A small second order stream occupying a 50 m wide flood plain. Dry stream also 

drains a catchment of predominantly subalpine tussock scrub, bare scree, and 

remnant patches of mountain beech. The site dried up periodically during both 

summers of the study (December-April). The channel changed position once 

during the study, moving to a new position 5 m from the original after a spate in July 

1988. 

Craigiebum Cutting Stream (Plate 2.4) 

A first order stream draining a catchment of mainly subalpine scrub and scree, but 

with a 13 ha remnant stand of mountain beech through which the stream flows at 
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Plate 2.1. Kowai River 

Plate 2.2. Whitewater Stream 

Plate 2.3. Dry Stream 
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the study site. The stream here has a fairly complete canopy, is well shaded, and 

receives comparatively high allochthonous inputs from the overhanging vegetation 

(Rounick & Winterbourn, 1983a). Debris dams and pools were present but sparse, 

and changed position considerably during the course of the study. 

Bruce Stream (Plate 2.5) 

A third order braided stream occupying a 100 m wide flood plain, it drains a 

catchment of predominantly mountain beech and several stands of Monterey pine 

(Pinus radiata). Channel position changed radically and regularly during the course 

of the study, moving distances of up to 20 m laterally on at least one occasion. 

Plate 2.4. Craigieburn Cutting Stream 

Plate 2.5. Bruce Stream 
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Stable Sites 

Slip Spring (Plate 2.6) 

This site is the rheocrene/holocrene spring source of the Porter River, arising at 

the base of a large scree and flowing through tussock grassland before flowing into 

Porter River. The springbrook is colonised by extensive growths of Myriophyllum 

sp. and Callitriche stagnalis, both of which are periodically grazed by cattle. Be

cause of this, sampling sites did not include weed beds. 

Porter River (Plate 2.7) 

An un-named, second order tributary of the Porter River proper, fed by two rheo

crene/holocrene springs, one of which is Slip Spring. It runs through tussock 

grassland for its entire (1.6 km) length. 

Cora Lynn Stream (Plate 2.8) 

A first order, spring-fed stream draining a catchment of predominantly matagouri 

(Discaria toumatou) and tussock scrub. The stream runs through tussock grass

land at the study site but passes through thick matagouri scrub just prior to this. 

Middle Bush Stream (Plate 2.9) 

The other forested site in the study, this stream is located in the Cass Basin. It is 

a first order stream that drains a 28 ha catchment of subalpine scrub, tussock and 

bare scree. The stream has a rheocrene spring source and enters a 3-4 ha stand of 

mountain beech within which the study site was located. Below the forest it usu

ally flows underground before discharging into Grasmere Stream. Middle Bush 

Stream is well shaded and its bed consists of alternating pools (caused by log 

debris dams) and riffles. Forest litter enters the stream year round with a maxi

mum in the summer half of the year (Winterbourn, 1976). Sampling was confined 

to riffles. 

Grasmere Stream (Plate 2.10) 

The outlet of Lakes Sarah and Grasmere, this stream flows through tussock grass

land for much of its length but passes through a bed ofPhormium tenax and Typha 

orientalis just before the study site. 

Lake Grasmere (Plate 2.11) 

One of five small lakes in the Cass region, Lake Grasmere was dammed by 

morainic ice-eroded rock and postglacial fan-building during the Poulter glacial 
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Plate 2.6. Slip Spring 

Plate 2.7. Porter River 

Plate 2.8. Cora Lynn Stream 
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Plate 2.9. Middle Bush Stream 

Plate 2.10. Grasmere Stream 

Plate 2.11. Lake Grasmere 
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advance, about 16,000-13,000 years before present (Gage, 1959, 1977). A 63 ha 

lake, its 1,850 ha catchment is primarily tussock grassland, 50% of which is used for 

agriculture (Gibson, 1978). At the stony, southwestern end of Grasmere, the lake 

is exposed to extensive wind-induced wave action. The study site was a 20 m stretch 

of this exposed shore which also receives water from numerous small springs. 

PHYSICOCHEMICAL CHARACTERISTICS 

Introduction 

A number of physical and chemical parameters were measured at each site during 

the course of the study in order to investigate differences between the "stable" and 

"unstable" site groups. This was done to establish whether the two groups of 

streams differed with respect to various physicochemical characteristics and/ or the 

stability (i.e., variability) of these characteristics. 

Materials and Methods 

Physical characteristics 

Spot records of depth and current speed were obtained monthly between October 

1987 and May 1989. Measurements were made near the centre of the stream at a 

marked point, so that temporal variability could also be assessed. This was 

achieved by calculating the absolute difference between the measurement in one 

month and that in the preceding month for all recorded months. Current speed was 

measured with a Pygmy Gurley current meter, or by recording the time taken for 

a cork to travel 2 m when the meter failed to function, or flow was too low for it to 

operate. 

A comparative estimate of discharge at each of the study sites was made in 

November 1989. This was calculated by measuring current speed with a Pygmy 

Gurley current meter, midway between the surface and the stream bed, and multi

plying this by the stream cross-sectional area. Slope was measured by recording the 

fall in height along a 20 m section of stream, with an Abney level. 

Maximum-minimum and/or spot water temperatures were recorded monthly 

between October 1987 and May 1989. However, the number of recordings made 

varied considerably between sites. This was because maximum-minimum ther

mometers were frequently buried or washed away at the more unstable sites, and 

in May 1988 I gave up using them at Kowai River and Bruce Stream. 

The particle size distribution of stream bed materials at each site was estimated 
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by measuring the three main axes of 100 randomly selected stones (Le. particles 

greater than 0.5 cm) from each stream (Newbury, 1984). Half the stones were 

collected from randomly assigned, grided 0.5 m2 quadrats (the stones were col

lected from the intersection points of the 10 cm2 grids) and the other half with a 

cross-sectional transect. Mean particle size, geometric mean particle size and 

geometric variance were calculated for bed materials at each site (Shirazi & Seim, 

1979). 

Chemical characteristics 

Conductivity and pH of water samples were recorded approximately monthly 

between January 1988 and May 1989. Samples were collected in opaque, polyeth

ylene bottles and stored in the dark at 5°C until analysis could be undertaken (this 

was always within 24 hours). Conductivity was measured with a Radiometer CDM 

2e conductivity meter and recordings were converted to equivalent values at 25°C 

using the appropriate conversion factor (Golterman, 1970). Water pH was 

measured with a Metrohm 632 pH meter. 

Alkalinity of water samples was measured between February and November 

1989 (five samples covering each ofthe seasons) as described by Mackereth (1963). 

Concentrations of nitrate-nitrogen (N03-N) in water samples collected in 

March 1988 and November 1989 were measured with the cadmium reduction 

alpha-napthylamine-sulfanilic acid technique using the Hach Chemical Company 

reagent NitraVer V (accurate to 0.5 mg 1-1). Absorbances were measured on a 

Kontron Spectrophotometer at 525 nm and converted to nitrate-nitrogen concen

trations using a standard curve. 

Pfankuch stability index 

The stability of each stream was evaluated using the stream reach inventory and 

channel stability evaluation technique of Pfankuch (1975). This is based on 

hydrologic aspects of the channel and streambank, and is essentially a hydrological 

engineers tool used for assessing the stability of 2nd to 4th order, forested mountain 

streams in the U.S.A. Eifert & Wesche (1982) found it was a useful technique for 

evaluating the suitability of habitat for salmonid populations in the U.S.A. and the 

procedure has been used to assess stream bed stability in a number of studies in 

New Zealand (e.g., Rounick & Winterbourn, 1982; Winterbourn & Collier, 1987; 

Graesser, 1988), and overseas (Trotter, 1990). 

The technique involves rating fifteen variables in three regions of the stream 

channel- the upper banks, lower banks and stream bottom according to predeter

mined weightings given on the evaluation form (see Rounick & Winterbourn, 
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1982). These are summed to give an overall index that evaluates " ... the resistive 

capacity of mountain stream channels to the detachment of bed and bank materi

als and to provide information about the capacity of streams to adjust and recover 

from potential changes in flow and/or increases in sediment production... II 

(Pfankuch, 1975). The index ranges from a low of 52 (most stable) to a high of 152 

(least stable). Because of the subj ective nature of the assessments that make up the 

index, four people (including myself), all of whom had used the index before, rated 

each of the study sites. The results were then averaged. 

Substrate movement 

Although the Pfankuch stability index has been used previously in studies of debris 

retention (Trotter, 1990), invertebrate community structure (e.g., Rounick & 

Winterbourn, 1982; Winterbourn & Collier, 1987; Graesser, 1988), and to charac

terise fish habitat (Eifert & Wesche, 1982), it measures environmental stability on 

a relatively coarse scale (i.e., the stream reach) which is unlikely to be directly 

relevant to stream invertebrates. Although this problem may be partly circum

vented by only using the third of the index related to the actual stream bed (i.e., the 

bottom component), this still relies on a "one-off', somewhat subjective assessment 

of stream bed stability. A direct measurement of actual substrate movement, the 

scale at which forces affecting invertebrate community dynamics are most likely to 

be acting, should therefore be more appropriate. 

I obtained such a measure by recording the movement of marked stones within 

the stream bed. Five fluorescentlypainted stones in each of three size classes (small 

< 55 mm; medium 55-90 mm; large, 90-180 mm longest diameter) were placed at 

a marked point in the stream. Every month between December 1987 and May 1989 

the distance travelled by each of the stones was recorded. To convert these data to 

a single measure of stream substrate movement, the distance travelled by each 

stone was multiplied by the mean weight of stones in that size class and summed for 
all stones at that site. On any occasion that a stone was not recovered, an arbitrary 
distance of 50 m was assigned to the distance travelled, as this was the maximum 

distance at which a stone was recovered. The value obtained was then converted 

to a percentage scale, by dividing the actual measure by the maximum possible 

score (Le., 405.5 kg m, achieved if all stones disappeared), so that 0 = no stones 

moved and 100 = all stones disappeared. Each month, all stones were returned to 

the starting point or replaced if they had disappeared. 

Measurement of tractive force 

Although the above technique does measure actual substrate movement, it is really 

only measuring it in a small area of the stream bed (i.e., where the stones are placed 
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and/ or move to). However, it is possible to calculate the theoretical proportion of 

particles that should be moving in uniform flow conditions within the entire stream 

reach by calculating the streams tractive force. 

A column of moving water exerts a force on the stream bed parallel to the slope 

of the channel, such that if it exceeds a critical value it will set substrate material and 

organisms in motion. The tractive force of a stream reach T, can be related to the 

specific weight of water (1000 kg m-3), depth of flow D (m), and the slope of the 

stream channel S, so that T = 1000.D.S (kg m-2) (Newbury, 1984). 

The critical tractive force (that at the point of incipient motion) for rounded, 

noncohesive particles > 0.5 cm diameter is approximately equal to the diameter of 

the particle (cm) (Lane, 1955). Given the particle size distribution of a stream 

reach it is therefore possible to calculate what proportion of the particles should be 

moving in uniform flow conditions at a given depth. The tractive force for each of 

the study reaches was measured, and using the particle size distribution data 

collected as described above, the percentage of substrate predicted to be moving 

at any point in time was calculated. 

Analysis 

To assess whether the two groups of streams were different with respect to 

individual physicochemical parameters and/or stability measures, all measured 

variables were analysed with a three level mixed model (factor A & B fixed, factor 

C random) analysis of variance (ANOV A) using SAS (1985). For the analysis of 

physical parameters the streams were treated as nested effects, however, for all 

subsequent analyses the streams were grouped together based on their size, 

geographic location and whether they were open or forested. To investigate 

differences based on a number of these variables together, multiple analysis of 

variance (MANOV A), cluster analysis (using Euclidean distance measures and a 
group average clustering algorithm), and principal components analysis (PCA) 

were employed. MANOVA was carried out with SAS (1985), whereas PCA and 

cluster analysis were carried out with the PC-ORD multivariate statistics package 
(McCune, 1987). 

Results 

Physical characteristics 

A summary of the physical characteristics of each site is given in Table 2.2 along 

with the results of analysis of variance tests for differences in these characteristics 

between the site groups. Discharge, slope and temperature were not significantly 
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Table 2.2. Physical characteristics of study sites (mean values with the range below in parentheses). 
F values testing the null hypothesis that stable and unstable sites were similar with respect to these 
variables are also given. NA = not applicable. 

SITES Depth Current Discharge Width Slope Temperature 
(cm) , (cms-l) (I s-l) (m) CO) COC) 

UNSTABLE 

Kawai River 29 103 1069 5.3 2.7 13.0 
(17-43) (34-161) (4.0-6.7) (2-3) (2.5-31) 

Whitewater Stream 16 75 617 5.8 3 10.4 
(6-25) (37-125) (2.5-8.9) (2-4) (1-21) 

Dry Stream 9 44 33 1.9 2 10.0 
(0-19) (0-90) (1.7-2.1) (1-3) (0-27) 

Craigieburn Cutting 8 40 7 1.1 8.3 8.9 
Stream (4-15) (15-87) (0.8-1.6) (4-13) (2.5-23) 

Bruce Stream 34 94 1915 6.3 2 8.8 
(13-60) (44-143) (5.5-7.1) (1-3) (1-18) 

STABLE 

Porter River 21 90 422 4.9 2 9.0 
(17"26) (54-137) (3.8-5.7) (2-2) (6-11) 

Slip Spring 9 46 154 2.5 6.3 8.1 
(6-12.5) (21-92) (1.5-3.7) (2-13) (7.5-9) 

Cora Lynn Stream 11 37 21 1.3 2.5 8.6 
(0-24) (0-75) (0.8-1.6) (1-5) (3-13) 

Middle Bush Stream 5 36 3 0.9 7 8.0 
(0-12) (19-70) (0.4-1.3) (3-10) (1.5-15) 

Grasmere Stream 29 85 254 3.4 2 11.7 
(19-45) (28-127) (2.8-3.9) (2-2) (2.5-22.5) 

Lake Grasmere 29 NA NA NA NA 13.0 
(14-53) (5-23.5) 

F value 0.49 10.86 0.63 24.24 0.02 1.13 
Degrees of Freedom 1,18 1,17 1,8 1,43 1,24 1,18 
Significance n.s. ** n.s. *** n.s. n.s. 

different between the stable and unstable streams. However, depth, ,current and 

width were significantly different between the two groups. The magnitude of these 

differences was relatively small, however; mean depth differed by only 2 cm 

between the two groups (17 and 19 cmfor stable and unstable groups, respectively), 

mean current speed by 12 cm S-l (59 and 71 cm s-1, respectively) and width by 1.48 

m (2.6 and 4.08 m, respectively). As depth and current were assessed by monthly 

spot measurements at the same point in the stream, the observed differences were 

probably smaller than those that actually exist within each study site. Differences 

in width reflect a difference in the nature of the two types of stream; the unstable 

sites were predominantly on braided streams that meandered over broad gravel 

beds, whereas the stable sites were on more defined, single thread channels. 
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Substrate characteristics of the study sites are given in Table 2.3. All of the sites 

were remarkably similar in this respect, with mean particle size between 4.7 and 8.5 
cm. None of the substrate parameters were significantly different between the two 

groups of streams. 
Overall differences between stable and unstable stream groups, based on all the 

physical variables (standardised to a mean of 0 and a standard deviation of 1) were 
non significant (Wilks' Lambda = 0.01, F = 23.44, df = 8,1, P > 0.05). 

Chemical characteristics 
A summary of chemical characteristics of the study sites is given in Table 2.4. All 
sites had circumneutral pH (means between 7.2 and 8.0) and moderate conductivi

ties, although some high values were recorded at a few sites during very low summer 

flows. Conductivity and pH were not significantly different between the stable and 
unstable site groups. Alkalinity however, was significantly different between the 
two groups, although only at the 5% level (means of 31 and 20 mg CaC03 I-1 for 

stable and unstable site groups, respectively). Nitrate-nitrogen (N03-N) concen
trations at all the sites were below detectable levels « 0.5 mg 1-1). Reactive 

phosphorus (P04-P) concentrations at a number of these sites, were also found to 

Table 2.3. Substrate characteristics of the study sites. F values testing the null hypothesis that stable 
and unstable sites are similar with respect to these variables are also given. 

SITES Mean Geometric Geometric Maximum 
particle mean vanance particle 

size particle size size 
(cm) (cm) (cm) (cm) 

UNSTABLE 
Kowai River 7.4 6.2 1.9 32 
Whitewater Stream 7.8 6.3 2.3 37 
Dry Stream 5.4 4.2 2.1 31 
Craigieburn Cutting Stream 8.1 4.6 2.2 83 
Bruce Stream 7.4 6.0 2.0 30 

STABLE 
Porter River 6.6 6.1 1.9 24.5 
Slip Spring 8.5 6.4 2.4 47 
Cora Lynn Stream 7.2 5.5 2.0 53 
Middle Bush Stream 6.4 4.9 2.3 30 
Grasmere Stream 4.7 4.3 1.7 21 
Lake Grasmere 5.7 4.7 1.7 23 

Fvalues 0.89 0.06 0.47 0.74 
Degrees of freedom 1,9 1,9 1,9 1,9 
Significance n.s. n.s. n.s. n.s. 
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Table 2.4. Chemical characteristics of the study sites (mean values with the range below in 
parentheses; conductivity values are medians). F values testing the null hypothesis that stable and 
unstable sites were similar with respect to these variables are also given. 

SITES pH Conductivity Alkalinity 
Jls cm-1 (mg CaC03 1-1) 

UNSTABLE 

KowaiRiver 7.7 69 17.8 
(6.4-8.5) (31-138) (12-21) 

Whitewater Stream 7.5 53 17.6 
(6.6-8.1) (29-69) (10-20) 

Dry Stream 7.6 49 18.4 
(6.9-8.1) (29-50) (18-19) 

Craigieburn Cutting 7.3 53 17.7 
Stream (6.6-7.9) (19-61) (12-22) 

Bruce Stream 7.4 72 26.1 
(6.6-7.9) (55-96) (17-32) 

STABLE 

Porter River 7.5 55 20.3 
(6.6-8.1) (38-62) (11-24) 

Slip Spring 7.2 41 22.2 
(6.6-8.0) (41-97) (11-26) 

Cora Lynn Stream 7.6 131 41.6 
(6.6-8.0) (100-140) (32-47) 

Middle Bush Stream 7.8 110 35.0 
(7.1-8.3) (61-121) (19-48) 

Grasmere Stream 7.4 83 33.2 
(6.7-8.2) (57-95) (17-47) 

Lake Grasmere 8.0 85 32.2 
(7.0-9.0) (61-101) (18-39) 

Fvalue 0.06 3.95 13.86 
Degrees of Freedom 1,12 1,12 1,4 
Significance n.s. n.s * 

be below detectable levels « 0.04 mg P) in a previous study (Winterbourn & 
Fegley, 1989). 

No overall differences were found between the two groups of streams based on 

these chemical parameters (standardised to a mean of 0 and a standard deviation 

of 1) (Wilks' Lambda = 0.45, F = 2.80, df = 3,7, P > 0.05). 

Overall physicochemical differences 

Cluster analysis of all chemical and physical parameters (standardised by a norm 
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transformation), including stream order and the nature of the stream canopy (Fig. 

2.4), split the sites into two principal groups, reflecting a division between small and 

large streams, rather than stable and unstable ones. Streams in the "large" group 

were all open streams between 3 and 6 m wide, 16-34 cm deep, and with mean 

current velocities between 75 and 102 cm S-1. In contrast, the "small" group 

comprised streams between 0.9 and 2.5 m wide, 5-11 cm deep, and with mean 

current speeds of 36-46 cm S-1. The latter group also included the lake, probably 

because many of the variables, such as current speed, could not be measured there. 

Differences between sites with regard to their overall physicochemical character

istics therefore appeared to be related more to the size and location of the site than 

its perceived stability. 

Variability in physical characteristics 

Average differences in spot measurements of depth and current speed at each site 

in consecutive months are given in Table 2.5. Mean differences in depth ranged 

from 3 cm at Craigieburn Cutting to 19 cm at Bruce Stream (unstable sites), and 

from 2 cm at Slip Spring to 7 cm at Lake Grasmere (stable sites). Mean differences 

in current speed ranged from 18 cm S-l at Craigieburn Cutting to 46 cm S-l at Bruce 

Stream (unstable sites), and from 11 cms-1 at Middle Bush Stream to 34 cm S-l at 

Grasmere Stream (stable sites). Both parameters were significantly greater for the 

unstable site group. 
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Figure 2.4. Cluster analysis of mean physicochemical characteristics for each of the study sites. Data 
were standardised with a norm transformation and the dendrogram constructed using Euclidean 
distance and a group average clustering algorithm. 
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Table 2.5. Mean monthly variation in depth, current velocity and temperature for the study sites 
(ranges for these measures are given below in parentheses). F values testing the null hypothesis that 
stable and unstable sites have similar variation in these factors are also given. NA = not applicable. 

SITES Monthly Monthly Monthly 
Variation Variation Temperature 
of Depth of Current Range 

(cm) (cm S-l) eC) 

UNSTABLE 

Kowai River 7 44 9.8 
(0.5-21) (10-99) (3.5-24) 

Whitewater Stream 4 27 9.8 
(0-14) (0-69) (5.5-14) 

Dry Stream 6 35 9.8 
(0-15) (0-81) (6-18) 

Craigieburn Cutting 3 18 5.8 
Stream (0-8) (0-67) (0.5-13.5) 

Bruce Stream 19 46 904 
(1-42) (1-100) (7-12) 

STABLE 

Porter River 3 29 2.2 
(0-7) (3-83) (1-4) 

Slip Spring 2 18 0.5 
(0-6) (1-43) (0-3) 

Cora Lynn Stream 4 13 2.5 
(0-12) (0-41) (1-5) 

Middle Bush Stream 3 11 5.7 
(0-10) (0-49) ( 4-8.5) 

(}rasmereStream 4 34 6.3 
(0-15) (1-78) (3.5-12) 

Lake (}rasmere 7 NA 8.4 
(0-20) (1-13) 

Fvalue 29.70 12.81 70040 
Degrees of freedom 1,17 1,16 1,17 
Significance *** *** *** 

Mean monthly temperature range is also given in Table 2.5. It was between 

5.8°C and 9.8°C at the unstable sites and O.5°C and 804°C at the stable sites. 

Temperature range was also significantly greater at the unstable sites. 

Pfankuch stability index: 

Total Pfankuch stability index scores and subscores for the three channel compo-
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nents are given in Table 2.6. Total index scores ranged from a high of 122 at Kowai 

River to a low of 64 at Slip Spring. All four measurements were significantly higher 

for the streams in the unstable site group than those in the stable site group. 

Substrate movement 

Distances moved by stones at each of the sites are plotted in Fig 2.5. There 
appeared to be a good relationship between these measures and my obseryations 
of high discharge events. Two spates in May and September 1988 (corresponding 
to the Greymouth flood events), caused major physical changes at several of the 
sites and these stand out clearly in the monthly plots. Overall, the stable sites had 
little or no substrate movement. However, the two most unstable sites (Kowai 
River and Bruce Stream) had all the stones disappearinmostmonths, and the other 
unstable sites had intermediate levels of substrate movement, which occurred 

principally in the winter months (May - September). 

Mean movement values are summarized in Table 2.7 and ranged from 0 at Slip 

Spring (where there was no recorded stone movement) to 97 at Bruce Stream 

(where all stones disappeared in most months). Again the unstable sites had 

significantly higher measures than the stable sites. 

Table 2.6. pfankuch stability index scores with F values testing the null hypothesis that these scores 
were similar for stable and unstable sites. 

SITES Total Upper Bank Lower Bank Bottom 
component component component 

UNSTABLE 
Kowai River 122.25 36.5 36 49.75 
Whitewater Stream 110.25 34 37.75 38.5 
Dry Stream 106.25 29.5 33.75 42 
Craigieburn Cutting 108.25 30 34 44.25 

Stream 
Bruce Stream 115.75 26.75 39 50 

STABLE 
Porter River 70.25 17.75 21.5 31 
Slip Spring 64 16 17 31 
Cora Lynn Stream 68.25 13.75 24 30.5 
Middle Bush Stream 111.75 36 34 41.75 
Grasmere Stream 74.25 12.75 25.75 35.75 
Lake Grasmere 70.25 14 26 30.25 

Fvalue 104.39 114.76 53.24 26.11 
Degrees of freedom 1,33 1,33 1,33 1,33 
Significance *** *** *** *** 
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Figure 2.5. Stone movement measurements (expressed as a percentage of the maximum recordable 
movement) for each of the study sites between December 1987 and May 1989. 

Tractive force measurements 

Tractive force measurements obtained for each site, and the percentage of the 

substrate predicted to move at such a tractive force, are given in Table 2.7. Tractive 

force ranged from 2.3 to 9.1 kg m-2, and between 13 and 76% of the substrate was 

predicted to be moving in linear flow and mean depth. Neither critical tractive 

force nor the percentage of substrate predicted to be moving was significantly 

different between the two groups of streams. 

Overall stability 

In general, all the stability measures were significantly correlated with each other 

(Table 2.8). Notable exceptions however, were the predicted substrate movement 

and the total Pfankuch stability scores. The former were not correlated with any 

other stability measures. Carson & Griffiths (1987), in their review of bedload 

transport in gravel channels, queried the generality of the relationship between 

critical tractive force and the point of incipient motion formulated by Lane (1955). 

They suggested the relationship may not hold for Canterbury rivers because of the 

large variation in hydraulic stresses that occurs in braided rivers. Neither my 
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Table 2.7. Mean stone movement measures, tractive force and the percentage of the substrate 
predicted to move given the tractive force. F values testing whether these variables were significantly 
different between stable and unstable groups are also given. NA = not applicable. 

SITES Stone movement Tractive force Percentage of 
measure substrate moved by 

(%) kgm-2 tractive force (%) 

UNSTABLE 
KowaiRiver 63.79 8.09 72 
Whitewater Stream 17.21 4.13 28 
Dry Stream 11.98 4.10 50 
Craigieburn Cutting 18.59 6.07 66 

Stream 
Bruce Stream 96.86 9.06 70 

STABLE 
Porter River 0.67 7.24 68 
Slip Spring 0.00 8.65 63 
Cora Lynn Stream 6.26 7.45 76 
Middle Bush Stream 1.37 6.65 68 
Grasmere Stream 2.97 2.30 13 
Lake Grasmere 0.02 NA NA 

Fvalue 62.80 0.01 0.00 
Degrees of freedom 1,17 1,8 1,8 
Significance *** n.s. n.s. 

Table 2.8. Correlation (r) of mean stability measures with each other. * indicates significance at the 
5% level. 

STABILITY Depth Current Temperature Stone Total Bottom Predicted 
MEASURE variability variability range movement Pfankuch component substrate 

index Pfankuch movement 

Depth variability 1.00 
Current variability 0.75* 1.00 
Temperature range 0.56 0.66* 1.00 
Stone movement 0.94' 0.74* 0.60 1.00 
Total Pfankuch index 0.49 0.41 0.85' 0.62 1.00 
Bottom component of 0.68* 0.58 0.80' 0.80' 0.92' 

Pfankuch index 
Predicted substrate 0.18 -0.18 -0.30 0.28 0.09 0.16 1.00 

movement of tractive 
force 

substrate movement data nor my general observations support the prediction that 

a high percentage of the substrate materials> 0.5 em diameter was in fact moving 

at many of my study sites. It therefore appears, that in these streams at least, critical 

tractive force is not a very useful predictor of substrate stability. 

The total Pfankuch stability scores were only correlated significantly with 
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temperature range, and therefore they too did not appear to reflect the overall 

physicochemical stability of a site. Many of the criteria used to obtain the index 

relate to the probability of hydrologic stability and do not necessarily measure 

actual variations in the environment. For example, the water level in Porter River 

is always just a few centimetres below bankfull, a highly unstable criterion 

according to the Pfankuch procedure. However, the stream is spring-fed and the 

flow never increases much above this level, so constancy of flow, in contrast to the 

index score, indicates that it is a very stable site. As I suggested in the materials and 

methods section, the bottom component of this index may be more appropriate at 

the scale of aquatic community dynamics, a suggestion supported by results 

reported by Winterbourn & Collier (1987). It was correlated with all but two of the 

other stability measures, and one of these was predicted substrate movement. 

Depth variability, current variability and stone movement were all inter

correlated. Temperature range although it is unlikely to be directly linked to the 

other more hydrologically based stability measures, should be correlated with these 

measures because of overall differences in stability between the two groups of 

streams. The spring and lake-fed nature of the "stable" sites not only ensures a 

constant flow but also a relatively constant temperature regime. However, it was 

only correlated with current variability and both the Pfankuch index scores. 

To examine the role of environmental stability in affecting community proc

esses with each of these stability measures separately clearly would be rather 

confusing. Each addresses a slightly different component of a site's physical 

stability, and with six different variables, one could in theory reach six equally 

plausible conclusions about the effect of environmental stability. For example, 

diversity may decrease with increasing substrate movement, but increase as 

temperature range increases, both of which represent decreasing environmental 

stability. In order to obtain a single measure of a site's overall physical stability I 

combined all the values into a single multivariate stability score using principal 

components analysis. For this analysis, the Pfankuch stability score was replaced 

with the more appropriate bottom component of the index. The multivariate 

stability scores (the PCA scores for axis 1 which accounted for 61 % of the variation 

in the six stability measurements) for all sites, are shown as a linear hierarchy in Fig. 

2.6., with higher scores indicative of decreasing stability. 

Cluster analysis (not shown) of all the 'stability measures (standardised by a 

norm transformation) (again replacing the Pfankuch score with its bottom compo

nent, and omitting the predicted substrate movement because it did not correspond 

well with the other measures) initially split the streams into two groups; Kowai 

River and Bruce Stream in one group, the remaining sites in the other. This was not 
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Figure 2.6. Multivariate stability scores, based 
on axis one of a principal components analysis of 
six stability measures (see text), for each of the 
study sites. The six stability measures are mean 
values of monthly measurements made between 
October 1987 and May 1989 at each of the study . 
sites. 
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surprising, as the former two sites were by far the most unstable. If temperature 

range was downweighted (by 0.5) so that hydrological stability characteristics were 

most strongly weighted, Kowai River and Bruce Stream again formed a group of 

their own (Fig. 2.7), and the other sites were split into three smaller groups; the 

remaining unstable sites; Lake Grasmere; and the stable stream sites. 

Overall differences between my initial "stable" and "unstable" site groupings 

were examined with MANOV A. For this analysis, the Pfankuch index was again 

replaced with its bottom component and the predicted substrate movement was 

excluded. All variables were standardised to a mean of 0 and a standard deviation 

of 1. With all stability measurements included, the site groups were not signifi

cantly different (Wilks' Lambda = 0.24, F = 2.57, df = 5,4, P > 0.05). However, 

if the current variability measure was excluded from the analysis the two groups 

were significantly different (Wilks' Lambda = 0.24, F = 4.83, df = 4,6, P < 0.05). 

Similarly, if the unstable group was split into two (one containing Kowai River and 

Bruce Stream, and the other containing the remaining unstable sites) all three 

groups, were significantly different in overall stability (Wilks' Lambda = 0.01, F = 
6.88, df = 10,6, P < 0.05). 

Summary 

In summary, the study sites (except the lake shore) are all small to moderate sized 
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Figure 2.7. Cluster analysis of mean stability measurements (N.B. Pfankuch bottom values only and 
excluding the tractive force measure) for each of the study sites. Data were standardised with a norm 
transformation and temperature range measures downweighted by 0.5. The dendrogram was 
constructed using Euclidean distance and a group average clustering algorithm. 
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streams with similar physicochemical characteristics. All sites had moderately hard 

water, a circumneutral pH and low nutrient concentrations. Physically, they ranged 

in size from first to third order streams with a mean depth between 5 and 34 em, 

mean width between 0.9 and 6.3 m, mean temperature between 8°C and 13°C and 

a mean current speed between 36 and 102 cm S·l. Although these characteristics 

encompass a relatively wide range, both site groups (Le., "stable" and "unstable") 

had representatives of small and moderate sized streams and there was little 

overall difference in the range of physicochem:ical conditions between the stable 

and unstable groups. 

Most of the stability measurements indicated similar trends, although none of 

the measures assigned the same rank stability to each of the sites. The predicted 

substrate movement and total Pfankuch stability scores were the only two excep

tions and did not conform well with any of the other stability measures. This was 

probably in part because of fundamental differences in the hydrologic nature of 

these streams (in contrast to the Northern Hemisphere streams for which both the 

Pfankuch and critical tractive force measures were developed), and also in part 

because they addressed hydrological stability rather than variation in the actual 

environment as measured by the other indices. 

However, even if only the stability measures that exhibited similar trends are 

considered, there are still marked differences in the stability rankings assigned to 

each site. Thus, the use of only a single measure could give a misleading impression 

of "overall" stability, if such a condition exists, whereas to use each of the stability 

measures separately might be equally confusing. I have attempted to circumvent 

this problem by merging the separate stability measures in a combined index (Le., 

the PCA scores). 

Overall, environmental variability (as assessed by these stability measures) was 

considerably greater in the "unstable" sites than in the "stable" sites. However, 

while my initial classification, based on the nature of their source, divided the sites 

into two distinct groups, the stability measures yielded a ranking of the sites along 

a continuum from very stable to very unstable. 
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INTRODUCTION 

The energetic base of a stream food web can range from one where energy is 

produced primarily within the stream itself (autochthonous based) to one where 

most of the energy inputs are from outside (allochthonous based) (Minshall, 1978; 

Bott, 1983). The relative contribution of the two energy sources within a stream 

may also change seasonally and as a result of disturbance (Cushing & Wolf, 1982). 

Epilithic periphyton communities may comprise bacteria, cyanobacteria, eu

karyotic algae, protozoa,fungi, amorphous detritus or any combination of these 

(Biggs & Close, 1989). The structure and biomass of the community is dependent 

on a number of hydrological, chemical and biological factors (Bott, 1983; Biggs, 

1987). 

Hydrological determinants appear to be of primary importance in many 

streams. Flood frequency and intensity (Tett et at., 1978; Scrimgeour & Winter

bourn, 1989), water velocity (McIntire, 1968; Lindstrom & Traaen, 1984) and 

substrate stability (Tett ~t al., 1978; Robinson & Minshall, 1986) have all been 

shown to affect periphyton communities, although other limiting factors (e.g., light) 

may lessen such effects (Robinson & Minshall, 1986). Periphyton community 

composition is also affected by flood frequency and intensity, as some taxa (e.g., 

certain diatom species) are both more resistant to disturbances and better able to 

recolonise following disturbance than other taxa ( e.g., filamentous green algae and 

cyanobacteria) (Fisher et ai., 1982; Grimm & Fisher, 1989). 

Light is an obvious factor limiting periphyton growth, particularly in closed 

canopy streams (Rounick & Gregory, 1981; Triska et at., 1983), and it also affects 

community composition of stone surface biofilms (Rounick & Winterbourn, 

1983b). Concentrations of phosphorus (Peterson et ai., 1985) and nitrogen (Grimm 

& Fisher, 1986) in the water column have also been shown to affect epilithic algal 

growth in North American streams and rivers, and Winterbourn & Fegley (1989) 

and Winterbourn (1990) found that some of the forested and grassland streams 

included in my study are both nitrogen and phosphorus limited. Nutrients may in 

fact be more important growth limiting factors than light in some closed canopy 

streams (Winterbourn & Fegley, 1989). Biggs & Close (1989) and Biggs (1988) in 

their studies of a number of Canterbury rivers, found that both nutrient concentra

tions and hydrological determinants were important predictors of periphyton 

standing crops. 

Invertebrate grazing may also affect periphyton biomass and composition 

(Lamberti & Resh, 1983; Hill & Knight, 1988) and studies by Ryder (1989), Win

terbourn & Fegley (1989) and Winterbourn (1990) have demonstrated the poten-



Chapter 3: Periphyton Communities 37 

tial for grazing impacts in a number of New Zealand streams, including a number 

of my study sites. 

Although a number of studies have been conducted to investigate how affores

tation and debris dam formation affects organic matter retention (e.g., Trotter, 

1990; Webster et at., 1990 and references therein) there appears to have been little 

corresponding work on the effects of stream bed stability and flooding on organic 

matter retention in open streams. Exceptions to this in New Zealand are the stud

ies by Scrimgeour & Winterbourn (1989) and Graesser (1988) who both found 

particulate organic material collected in Surber samples was not related in any 

clear way to flood events. Similarly Webster et at. (1987) found that seston trans

port (particulate organic material entrained in the water column) was more closely 

related to substrate characteristics than discharge, although the rate of increase in 

discharge was an important determinant of seston concentration. 

Although the principal aim of this section of work was to establish the energetic 

base of each of my stream food webs, it was also possible to examine the relation

ship between the epilithic communities, retention of organic material and physico

chemical conditions at my study sites. To achieve this I measured organic layer 

development, epilithic periphyton biomass and particulate organic matter (in both 

the substrate and associated with stones used to sample the invertebrate fauna) at 

three monthly intervals between October 1987 and October 1988. I also examined 

the composition of the epilithic layers present on each of these sampling dates using 

scanning electron microscopy. I was then able to examine how these variables 

related to each of the stability measures and other hydrological and chemical 

parameters at the study sites over this period. 

MATERIALS AND METHODS 

Sampling Protocol 

Collections were made on 23-24 October 1987 (spring 1), 23-25 January 1988 

(summer), 23-25 April 1988 (autumn), 23, 30-31 July 1988 (winter) and 22-23 

October 1988 (spring 2). 

Periphyton 

Periphyton biomass is difficult to measure directly because of its association with 

other stone surface organic components, such as fungi and bacteria (Wetzel & 

Westlake, 1974). Therefore, to estimate algal standing crops, photosynthetic pig-
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ments (usually chlorophyll a and phaeophytin a) are generally measured (McCon

nell & Sigler, 1959; Moss, 1967a) as was done in this study. 

Five cobbles (mean diameter = 6 cm) were collected at each site for pigment 

analysis, and were kept cool and dark during transport to the laboratory. Pigments 

were extracted with 90% acetone for 24 h in the dark at 5°C. Extract absorbances 

were read at 410, 430, 665 and 720 nm against a solvent blank on a Kontron Uvikon 

860 Spectrophotometer, and chlorophyll a and phaeophytin a concentrations were 

calculated using the method of Moss (1967a, b). For this, a single standard curve, 

based on a series of curves for a number of algal community types (given in Moss, 

1967a) was used. Both pigments were combined to give an estimate of total algal 

accumulation, irrespective of physiological state, as this is considered to provide a 

better estimate of algal biomass than chlorophyll a alone (Hawkins et ai., 1982). 

Total pigment concentration was highly correlated with both chlorophyll a 

(rs = 0.99, df = 273,P < 0.05) and phaeophytina (rs = 0.68, df = 273,P < 0.05) con

centrations. Stone surface area was measured by wrapping the stones upper sur

face in aluminium foil of known weight per unit area, and pigment concentrations 

were expressed per unit stone surface area. 

Periphyton community structure was examined using scanning electron micros

copy (SEM). Clean stone chips, glued to aluminium SEM stubs, were incubated in 

the stream in perspex holders attached to large boulders. After three months, stubs 

were collected and preserved in 3% gluteraldehyde in phosphate buffer. This 

procedure was carried out on each of the above sampling dates. When boulders 

were lost from some of the more unstable streams, stone chips of similar size (mean 

diameter = 1.5 cm) were collected from the stream substrate. All stone chips were 

washed twice in phosphate buffer, dehydrated in an alcohol series (Rounick & 

Winterboufll, 1983b) and dried in a vacuum desiccator. Following coating with 50 

nm of carboni gold they were examined with a Cambridge Stereoscan MK II scan

ning electron microscope at 15,000 - 20,000 khtz. Algae were identified to the 

lowest possible taxonomic level (usually genus) using Weber (1971), Foged (1979) 

and Pridmore & Hewitt (1982). 

Epilithic carbon 

Stone surface organic carbon was measured on five stones from each site (mean 

diameter = 3 cm) collected and frozen on each sampling occasion. Organic carbon 

was measured with the micro-dichromate oxidation technique (Maciolek, 1962; 

Newell, 1982) using heat-by-dilution, as modified by Collier (1987). Concentra

tions were expressed per unit stone surface area (measured using aluminium foil). 
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Particulate organic carbon 

Five 220 m1 core samples (4.5 cm diameter) of substrate were collected at each site, 

frozen and returned to the laboratory. Samples were separated into two compo

nents; coarse (> 1 mm) and fine (> 5 pm and < 1 mm). They were dried to constant 

weight at 66°C for a minimum of 7 days and ashed at 550°C for 6 h, the difference 

in weight before and after ashing being a measure of the particulate organic carbon 

in the sample. 

Particulate organic material (including any attached bryophytes) associated 

with invertebrate stone samples (refer Chapter 4) was also measured. Samples 

were preserved in 10% formalin and returned to the laboratory. After removal of 

the invertebrates, organic matter was elutriated off, dried to constant weight at 

66°C for a minimum of 7 days, and weighed. The amount of organic matter present 

in a 0.1 m2 area of stream bed was calculated as described by Wrona et ai. (1986) 

(refer Chapter 4). 

Analysis 

Data were analysed with the regression, stepwise regression and Spearman rank 

correlation procedures of SAS (1985). Stepwise regression of total pigment and 

epilithic carbon concentration was carried out using the 20 chemical, physical and 

stability measurements listed in Table 3.1. Concentrations of both total pigment 

and epilithic carbon were log (x + 1) transformed prior to this analysis. Spot 

measurements are those made at the time of collection or in the month prior to the 

collection of samples. The critical probability for addition and removal of variables 

to the model was set at 0.05. The same variables were used in the correlation 

analysis. 

RESULTS 

Periphyton 

Pigment concentrations 

Mean total pigment concentrations, for the five stones collected at each site are 

plotted in Fig. 3.1. Mean maximum biomass at the sites ranged from 15.4 fig 

cm-2 at Slip Spring to 0.7 Jig cm-2 at Bruce Stream; mean minimum biomass ranged 

from 4.6 pg cm-2 at Lake Grasmere to Oflg cm-2 at several sites. In general, the more 

stable sites had maximum biomass in winter and autumn, whereas the unstable sites 

had maxima in one of either of the two spring samples. 
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Figure 3.1. Mean pigment concentrations (n =: 5) on cobbles collected from the study sites between 
October 1987 and October 1988. 

Mean algal biomass (total pigment concentration) decreased logarithmically as 

overall environmental stability (multivariate stability scores) decreased (F = 
158.24, df = 1,269, P < 0.05, r2 = 0.38) (Fig. 3.2). Mean biomass at the two forest 

streams fell well below this line, perhaps indicating that light limitation rather than 

stability was more important to algal communities at these sites. Removal of these 

two sites from the analysis improved the fit of the model (r2 = 0.50). 

A similar trend of decreasing algal biomass with decreasing stability was evident 

in each of the seasons, however, the specific nature of the relationship was different 

(i.e., there was a significant interaction between the effect of stability and the 

season) (F = 3.84, df = 4,265, P < 0.05). This reflects the fact that stable and 

unstable sites have maximum and minimum algal biomass in different seasons. All 

lines had a slope significantly different from zero, with winter exhibiting the biggest 

difference between stable and unstable sites (i.e., the steepest relationship with a 

slope = -0.50) and spring 1 the least (Le., the flattest slope = -0.17). As the slopes 

of the seasonal relationships were different, it is not valid to compare seasonal 

effects (Sokal & Rohlf, 1981). Nevertheless, overall, winter had the highest mean 

(3.4 flg cm-2) and spring 1, the lowest (1.8 pg cm-2). 
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Figure 3.2. Mean periphyton biomass (pigment concentration) at each study site as a function of 
overall stability (multivariate stability score). Plotted values are averages of the seasonal means ± 1 
SE. Regression analysis was performed including seasonal comparisons to yield the equation, 
loglO (pigment cone.) = 0.76 - 0.34(stability score),,2 = 0.38. 

Spatial variation in pigment concentrations (coefficient of variation of values 

for the five replicate stones collected at each site) (Fig. 3.3) was not related to 

environmental stability (F = 2.79, df = 1,49, P > 0.05). However, as the stability 

of a site decreased, seasonal variation (coefficient of variation of mean algal bio

mass across the seasons) (Fig. 3.3) increased (F = 76.86, df = 1,9, P < 0.05, 

r2 = 0.90). Slip Spring (the most stable site) was the only site to deviate radically 

from this trend. Just prior to beginning this study it was subjected to cattle grazing 

nearby weed beds, a disturbance that reduced periphyton levels; removal of this 

value halved its coefficient of variation and brought it more into line with the 

model. The ratio of phaeophytin a to chlorophyll a (a measure of the proportion 

of dead to live algae) was also unrelated to environmental stability (F = 0.06, 

df = 1,49, P > 0.05) as the highest ratios occurred in the streams of intermediate 

stability (e.g., Dry Stream and Whitewater Stream). 

Correlations of algal biomass with a number of other physicochemical variables 

are given in Table 3.1. The only chemical variable correlated significantly with 

algal biomass was mean alkalinity and the only physical variable correlated was 

mean current velocity. All stability characteristics were significantly and negatively 

correlated with periphyton biomass. 
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Figure 3.3. A. Mean (± 1 SE) of the coefficient of variation of pigment concentration on five replicate 
stone samples (spatial variation) collected in each season at the study sites plotted against overall 
stability (multivariate stability score). The relationship was not significant,,2 = 0.08. 

B. Coefficient of variation of pigment concentration at the eleven study sites, based on 
mean values obtained in five seasons, plotted against overall stability. Regression analysis yielded the 
equation, (Seasonal CV)2 = 5518.5(stability score) - 843.67,,2 = 0.90. 

The single best predictor of algal biomass (Table 3.2) in each of the seasons and 

overall (Le., all the means pooled together) was the bottom component of the 

Pfankuch index (r2 = 0.45-0.67). As stability decreased (Le., at higher Pfankuch 

index scores), algal biomass decreased. The other important predictor of mean 

biomass over all the seasons was mean temperature which was positively associated 

with periphyton biomass. It is interesting to note that spot temperature measure

ments (which reflect seasonal changes) were not more important than overall 

average stream temperature, but this probably reflects the biomass peaks of stable 

and unstable streams in different seasons. Other variables that were important for 

predicting algal biomass according to the multivariate models differed with season, 

and because of the additive nature of the model, did not always reflect the same 

functional response that they would have alone. All models fitted the data well and 

a large proportion of the variation in the data was explained by the models in all 

seasons (r2 = 0.72-0.88) and overall (,.2 = 0.62). 

Removal of the two forested sites from the stepwise regression analysis (this was 

done because they may have behaved differently from the other sites because of 

their lower light levels) yielded important variables that were dependent on the 

season (Table 3.3). Current variability, the Pfankuch bottom component, overall 

stability, spot temperature range, and mean current velocity were the single most 

important variables in spring 1, summer, autumn, winter and spring 2, respectively. 

Improvements in the ability of the model to explain the data with these two sites 

removed were not great however, ranging from an increase of 9% to a decrease of 

6%. For all the seasons pooled the Pfankuch bottom component was the only 

important variable (r2 = 0.56). 
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Table 3.1. Correlation (rs) of total pigment concentration and total organic carbon with a number of 
hydrological and chemical parameters. The hydrological and chemical parameters were measured 
monthly at the study sites between October 1987 and May 1989 (see Chapter 2). * indicates significant 
correlations at P = 0.05. 

Physicochemical 
parameter 

CHEMICAL 
Spot conductivity 
Spot pH 
Mean conductivity 
Mean pH 
Mean alkalinity 

PHYSICAL 
Spot current velocity 
Spot depth 
Spot temperature. 
Mean current velocity 
Mean depth 
Mean temperature 

STABILITY 
Spot temperature range 
Mean temperature range 
Current variation 
Depth variation 
Spot stone movement 
Mean stone movement 
Pfankuch bottom component 

Community composition 

Total 
pigment 

0.09 
0.01 
0.03 
0.03 
0.35* 

-0.25 
0.003 
0.26 

-0.32* 
-0.04 
0.06 

-0.39* 
-0.49* 
-0.40* 
-0.27* 
-0.62* 
-0.78* 
-0.80* 

Total 
organic 
carbon 

0.24 
0.20 
0.21 
0.10 
0.40* 

-0.28* 
-0.06 
0.40* 

-0.34* 
-0.05 
0.05 

-0.38* 
-0.46* 
-0.44* 
-0.28* 
-0.71 * 
-0.68* 
-0.76* 

No clear seasonal trends were observed in periphyton community composition, 

although the less stable sites showed a decrease in abundance of algae in the winter 

and spring 2 samples, when increased flows were more common. Algae taxa re

corded on the stone surfaces at each of the study sites are listed in Table 3.4, with 

representative SEM micrographs for each of the unstable and stable sites in Plates 

3.1 and 3.2, respectively. 

Epilithic carbon 

All but one unstable site (Whitewater Stream) had peak epilithic carbon concen

trations in autumn, whereas the stable sites generally showed peaks in either the 
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Table 3.2. Results of the stepwise regression analysis of mean total pigment concentration against 20 
physicochemical and stability measurements. Pigment concentrations were log (x+ 1) transformed 
before the analysis. Variables were added and removed from the model at a probability level ofO.OS. 

Variable Variable 
entered removed 

SPRING 1 
Intercept 

Pfankuch bottom component 
Mean pH 
Mean conductivity 
Depth variation 
Spot conductivity 

SUMMER 
Intercept 

Pfankuch bottom component 
Tractive force 
Mean temperature range 

Parameter 
estimate 

-1.52 
-0.02 
0.38 

-0.002 
0.01 

-0.001 

1.29 

-0.01 
-0.07 

Pfankuch bottom component 

AUTUMN 
Intercept 

Pfankuch bottom component 
Mean temperature 
Spot conductivity 
Spot temperature range 
Spot pH 

Mean temperature 
Tractive force 
Mean conductivity 

Spot conductivity 
Mean alkalinity 

WINTER 
Intercept 

Pfankuch bottom component 
Spot depth 

SPRING 2 
Intercept 

Pfankuch bottom component 
Spot pH 
Spot current velocity 
Current variation 
Mean temperature 
Overall stability 

ALL SEASONS COMBINED 
Intercept 

Pfankuch bottom component 
Mean temperature 

-0.59 
-0.01 

-0.06 
0.29 

-0.004 
-0.01 

0.02 

2.18 
-0.05 
0.01 

7.83 
-0.06 
-0.54 
-1.79 
0.02 
-0.10 
0.24 

1.46 
-0.03 
0.03 

Partial 
r2 

0.47 
0.10 
0.09 
0.05 
0.02 

0.57 
0.04 
0.14 

0.59 
0.08 
0.05 
0.02 
0.02 

0.05 
0.02 

0.01 

0.67 
0.05 

0.45 
0.16 
0.13 
0.04 
0.08 
0.02 

0.59 
0.03 

Model 
r2 

0.47 
0.56 
0.65 
0.70 
0.72 

0.57 
0.61 
0.75 
0.75 

0.59 
0.67 
0.72 
0.75 
0.77 
0.76 
0.81 
0.83 
0.82 
0.84 

0.67 
0.72 

0.45 
0.61 
0.74 
0.78 
0.86 
0.88 

0.59 
0.62 
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Table 3.3. Results of the stepwise regression analysis of mean total pigment concentration, excluding 
the two forested sites, against 20 physicochemical and stability measurements. Pigment concentra
tions were log (x+ 1) transformed before the analysis. Variables were added and removed from the 
model at a probability level of 0.05. 

Variable Variable 
entered removed 

SPRING 1 
Intercept 

Current variation 
Mean pH 
Pfankuch bottom component 

Current variation 
Spot conductivity 

SUMMER 
Intercept 

Pfankuch bottom component 
Tractive force 
Mean temperature range 

Parameter 
estimate 

-2.23 

0.44 
-0.02 

-0.001 

1.28 

-0.01 
-0.07 

Pfankuch bottom component 

AUTUMN 
Intercept 

Overall stability 
Mean depth 
Mean conductivity 
Mean current velocity 
Spot temperature range 

WINTER 
Intercept 

Spot temperature range 
Tractive force 

SPRING 2 
Intercept 

Mean current velocity 
Spot temperature range 
Spot current velocity 
Spot conductivity 

Mean current velocity 
Depth variation 

ALL SEASONS COMBINED 
Intercept 

Pfankuch bottom component 

1.23 
-0.36 
0.02 

-0.004 
-0.004 
-0.03 

1.23 
-0.17 

-0.004 

2.03 

-0.10 
-1.57 

-0.002 

0.02 

1.70 
-0.03 

Partial 
r2 

0.54 
0.04 
0.07 

0.09 

0.55 
0.05 
0.17 

0.56 
0.09 
0.07 
0.05 
0.06 

0.73 
0.07 

0.48 
0.18 
0.12 
0.05 

0.03 

0.56 

Model 
r 

0.54 
0.59 
0.66 
0.66 
0.75 

0.55 
0.59 
0.76 
0.75 

0.56 
0.65 
0.71 
0.76 
0.82 

0.73 
0.81 

0.48 
0.65 
0.78 
0.82 
0.82 
0.85 

0.56 



Table 3.4. Composition of periphyton communities on stones collected from the study sites between October 1987 and October 1988. 

SITES 

UNSTABLE 

KowaiRiver 

Whitewater Stream 

Dry Stream 

Craigieburn Cutting 
Stream 

Bruce Stream 

STABLE 

Porter River 

Dominant taxa 

Achnanthes lanceolata 

filamentous blue green algae 
(probably Lyngbya) 

coccoid blue green algae 

coccoid blue green algae 
Gomphonema (at least two species) 
Gomphoneis 
Cocconeis 

Cocconeis 
A. lanceolata 

coccoid blue green algae 
filamentous blue green algae 

(probably Lyngbya) 

Common taxa 

Gomphonema 
Cocconeis 

filamentous green algae2 

Diatoma2 

Synedra 
filamentous green algae 
filamentous blue green algae 

(probably Lyngbya) 

Rare taxa 

filamentous green algae! 
coccoid blue green algae! 

Gomphonema 
A. lanceolata 

A. lanceolata 
Cymbella 

filamentous diatoms (mainly Diatoma) 

A. lanceolata 
Gomphonema 
Cocconeis 
filamentous reen algae 
Gomphoneis > 

Synedra3 

Cymbella (at least two species)3 

Gomphonema 
filamentous blue greens 

(probably Lyngbya) 
coccoid blue green algae 

Gomphonema 
A. lanceolata 
coccoid blue green algae 

Fragilaria 
Achnanthes minutissima 
Triceratium altemans 

Comments 

Stone surfaces at this site were mostly bare and 
diatoms, when present occurred mainly within 
crevices. 

The epilithon was composed primarily of an 
amorphous organic matrix with patches of algae 
within the matrix. 

This site had a moderate density of both 
blue green algae and several species of diatom. 
Of the unstable sites this showed the greatest 
variability in species composition amongst 
seasons. 

Diatoms present at this site were sparsely and 
patchily distributed over stone surfaces. 

Very few algae were observed at this site. 
Stone surfaces were mainly bare rock and algae, 
when recorded, were always in crevices. 

Diversity was greatest in the summer and autumn 
samples. 
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Slip Spring 

Cora Lynn Stream 

Middle Bush Stream 

Grasmere Stream 

Lake Grasmere 

1 Spring 1 only. 

coccoid blue green algae 

Gomphonema 
A. lanceolata 
A. minutissima 
Cymbella 
coccoid blue green algae 

Cocconeis 
A. lanceolata 

Diatoma 
Cymbella 
A. lanceolata 
A. minutissima 

filamentous green algae 
Diatoma 

coccoid blue green algae in an organic matrix 
filamentous blue green algae (probably Lyngbya) 
Cymbella 
A. minutissima 
Gomphonema 

Synedra 
Gomphoneis 

Cocconeis 
A. minutissima 
A. lanceolata 
coccoid blue green algae 

2 The two spring and autumn samples only. 
3 In summer and autumn. 
4 Only in summer and winter. 

Gomphonema 
Navicula 
Cocconeis 

Cocconeis 4 

Rhoicosphenia 
Gomphonema 
coccoid blue green algae 

Filamentous green algae 
Cocconeis 
Synedra 
Fragilaria 

Diatoma 
Cymbella 
Cyclotella 

Stones had a dense unifonn covering of a number 
of diatom species and the coccoid blue green algae. 

This site always had a dense and unifonn cover 
made up of a variety of species. 

Except in the summer sample, when densities were 
higher, diatoms were sparsely and patchily 
distributed over stone surfaces. 

Of the stable sites, this exhibited the most 
seasonal changes. 

Periphyton communities at this site were heavily 
dominated by Synedra. 
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Plate 3.1. Scanning electron micrographs of periphyton communities on stones from the unstable 
sites: A) Kowai River (spring 1), B) Dry Stream (summer), C) Whitewater Stream (summer), D) 
Craigieburn Cutting Stream (summer) and E) Bruce Stream (autumn). 
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Plate 3.2. Scanning electron micrographs of periphyton communities on stones from the stable sites: 
A) Slip Spring (summer), B) Porter River (summer), C) Middle Bush Stream (summer), D) 
Grasmere Stream (summer), E) Cora Lynn Stream (spring 2) and F) Lake Grasmere (spring 1). 
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first spring or summer samples (Fig. 3.4). Peak carbon concentrations ranged from 

37.8 fig cm-2 in Lake Grasmere to 2.6 fig cm-2 at Bruce Stream. Mean epilithic 

carbon concentrations were significantly correlated with pigment concentrations 

(algal biomass) (rs = 0.70, df = 273, P < 0.05), but seasonal peaks did not corre

spond with peaks in algal biomass. However, the ratio of algal pigment concentra

tion to epilithic carbon concentration was not related to the overall stability (i.e., 

multivariate stability scores) of a site (F = 2.19, df = 1,49, P > 0.05). 

Mean epilithic carbon concentrations decreased logarithmically with a de

crease in overall environmental stability (F = 183.14,df= 1,269,P < 0.05,r2 = 0.48) 
(Fig. 3.5). The same general relationship existed in each season, however, the 

nature of the relationship was significantly different between seasons (F = 5.93, 

df = 4,265, P > 0.05). This again reflected different seasonal responses by stable 
and unstable sites and did not allow a comparison of seasonal means. However, 
spring 2 had the lowest overall mean epilithic carbon concentrations (6.0 fig cm-2) 

and autumn the highest concentrations (16.0 fig cm-2). The difference in carbon 

concentrations between stable and unstable sites was greatest in summer (this 

season had the steepest relationship, with the slope = -0.76) and least in spring 2 
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Figure 3.4. Mean epilithic carbon concentration (n = 5) on cobbles collected from the study sites 
between October 1987 and October 1988. 
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Figure 3.5. Mean epilithic carbon concentration plotted against overall stability. Values are averages 
of seasonal means ± 1 SE. Regression analysis was performed including seasonal comparisons to 
yield the equation, loglO (carbon conc.) = 1.18 - 0.46(stability score), ,2 = 0.46. 

(this had the shallowest relationship, with the slope = -0.33). 

Spatial variation in epilithic carbon concentrations (coefficient of variation of 

values for the five replicate stones collected at each site) showed a significant 

increase with a decrease in overall stability (F = 5.05, df = 1,49,P < 0.05) (Fig. 3.6). 
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Figure 3.6. A. Mean (± 1 SE) of the coefficient of variation of epilithic carbon concentration on five 
replicate stone samples (spatial variation) collected in each season at the study sites plotted against 
overall stability. Regression analysis yielded the equation, Spatial CV = 43.45 + 13.98( stability score), 
~ = 0.25. 

B. Coefficient of variation of epilithic carbon concentration at the eleven study sites, based 
on mean values obtained in five seasons, plotted against overall stability. The relationship was not 
significant, r2 = 0.24. 
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However, only the summer sample had a slope significantly greater than zero, and 

when it was removed from the analysis the relationship was non significant 

(F = 0.70, df = 1,39, P > 0.05). Seasonal variation in carbon concentrations 

(coefficient of variation of mean epilithic carbon concentrations across the sea

sons) was not related to overall environmental stability (F = 2.77, df = 1,9, 

P > 0.05) (Fig. 3.6). 

The relationship between epilithic carbon concentration and other physico

chemical factors is given in Table 3.1. Concentrations were positively correlated 

with mean alkalinity and spot temperature measurements, and negatively corre

lated with mean and spot current velocities. All stability values were negatively 

correlated with mean epilithic carbon concentration. 

As for algal biomass, the best predictor of epilithic carbon concentrations in all 

but one season (spring 1, when mean stone movement score was the best predictor) 

was the bottom component of the Pfankuch index (r2 = 0.42-0.75) (Table 3.5). 

Organic carbon concentrations decreased as the Pfankuch index increased (Le., as 

stability decreased). Other variables that were important in multivariate models 

for predicting epilithic carbon concentrations differed between seasons, with re

gression equations explaining from 51 to 78% of the variation in the data. Pooled 

seasonal values were also predicted best by the Pfankuch bottom component, with 

spot stone movement and mean depth also important (total r2 = 0.69). 

Particulate Organic Material 

The mean biomass of particulate organic material (POM) collected in core 

samples at each of the sites is plotted in Fig. 3.7. PeakPOM concentrations ranged 

from 22.2 g 1-1 at Middle Bush Stream to 10.7 g 1-1 at Porter River. No clear seasonal 

trends were observed in either stable or unstable streams, however, and little 

variation was found between seasons (coefficient of variation between seasonal 

means ranged between 5.4% and 37.7%). 

Furthermore no clear relationship was found between total particulate organic 

matter and the overall stability (Le., the multivariate stability scores) of a site 

(F = 0.0, df = 1,234, P > 0.05) (Fig. 3.8). This situation also applied to both coarse 
(CPOM) and fine particulate organic material (FPOM) when analysed separately 
(F = 0.02, df = 1,199, P > 0.05 and F = 0.36, df = 1,237, P > 0.05 for CPOM and 

FPOM, respectively). The ratio of fine to coarse particulate organic material did, 

however, appear to be related to overall stability (F = 6.34, df = 1,203, P < 0.05), 
increasing as stability decreased; however, only the spring 2 sample had a slope 

significantly greater than zero (Le., the significant increase only occurred in this 

season). 
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Table 3.5. Results of the stepwise regression analysis of mean epilithic carbon concentration against 
20 physicochemical and stability measurements. Epilithic carbon concentrations were log (x+ 1) 
transformed before the analysis. Variables were added and removed from the model at a probability 
level of 0.05. 

Variable Variable Parameter Partial Model 
entered removed estimate r2 r2 

SPRING 1 
Intercept 0.71 

Mean stone movement -0.01 0.30 0.30 
Mean conductivity 0.01 0.16 0.46 
Tractive force -0.004 0.05 0.51 

SUMMER 
Intercept 3.41 

Pfankuch bottom component -0.06 0.75 0.75 

AUTUMN 
Intercept 1.32 

Pfankuch bottom component -0.02 0.42 0.42 
Mean temperature 0.10 0.11 0.53 
Spot temperature range -0.07 0.19 0.72 
Spot current velocity -0.39 0.06 0.78 

WINTER 
Intercept 2.09 

Pfankuch bottom component -0.04 0.56 0.56 
Spot depth 0.01 0.05 0.61 
Mean temperature range -0.04 0.04 0.65 

SPRING 2 
Intercept 1.76 

Pfankuch bottom component -0.04 0.44 0.44 
Mean conductivity -0.004 0.09 0.53 
Tractive force 0.01 0.04 0.57 
Mean temperature 0.06 0.04 0.61 

ALL SEASONS COMBINED 
Intercept 1.88 

Pfankuch bottom component -0.03 0.58 0.58 
Spot stone movement -0.004 0.07 0.65 
Mean depth 0.01 0.04 0.69 
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Figure 3.7. Mean biomass of total particulate organic material (POM) (n = 5) in core samples 
collected from the study sites between October 1987 and October 1988. 
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Figure 3.8. Mean biomass of total particulate organic material (POM) as a function of overall stability. 
Plotted values are averages of the seasonal means ± 1 SE. The relationship was not significant, 
,2 = 0.05. 
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Neither spatial variation (coefficient of variation amongst the five replicate 

core samples from a site) (Fig. 3.9), nor seasonal variation (coefficient of variation 

amongst seasonal means) (Fig. 3.9) were related to the stability of a site (F = 0.02, 

df = 1,44,P > 0.05 andF = 0.02, df = 1,9,P > 0.05 for spatial and seasonal variation, 

respectively). 

Correlation coefficients for total POM, CPOM and FPOM with a number of 

physicochemical variables are given in Table 3.6. Total and coarse particulate 

material were negatively correlated with spot depth and temperature measure

ments and the mean depth and current speed of a site, whereas FPOM was only 

correlated with the mean temperature of a site. Although significant, these rela

tionships are still weak and probably reflect the fact that the two forested streams, 

which had higher organic input, were small. None of the stability measurements 

was correlated with any of the particulate carbon measurements. 

In contrast to the POM in core samples, the amount of organic matter associ

ated with stone samples was significantly higher at the more stable sites (F = 45.8, 

df = 1,49, P < 0.05, r2 = 0.50) (Fig. 3.10). In fact, stable and unstable sites tended 

to group separately, with a sharp transition between the two. As for the core 

samples, however, no clear seasonal trends were apparent (Fig. 3.11), with maxi

mum and minimum values 312 g m-2 (Middle Bush) and 10 g m-2 (Kowai River), 

respectively. 

Spatial variation amongst organic matter associated with the stone samples was 

not related to overall stability (F = 0.12, df = 1,49,P > 0.05) (Fig. 3.12). However, 
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Figure 3.9. A. Mean (± 1 SE) of the coefficient of variation of total particulate organic material 
(POM) in five replicate core samples (spatial variation) collected in each season at the study sites 
plotted against overall stability. The relationship was not significant,,2 = 0.09. 

B. Coefficient of variation of total particulate organic material (POM) at the eleven study 
sites, based on mean values obtained in five seasons, plotted against overall stability. The relationship 
was not significant,,2 = 0.003. 
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Table 3.6. Correlations (rs) between total, fine, coarse and stone associated particulate organic carbon 
and a number of hydrological and chemical parameters. The hydrological and chemical parameters 
were measured monthly at the study sites between October 1987 and May 1989 (see Chapter 2). 
* indicates significant correlations at P = 0.05. 

Physicochemical Total Coarse Fine Stone 
parameter particulate particulate particulate associated 

carbon carbon carbon POM 

CHEMICAL 
Spot conductivity 0.01 -0.04 0.02 0.13 
Spot pH 0.25 0.27 -0.01 0.08 
Mean conductivity 0.11 -0.01 0.11 0.30* 
Mean pH -0.03 -0.05 -0.06 0.05 
Mean alkalinity 0.05 -0.01 0.07 0.44* 

PHYSICAL 
Spot current velocity -0.21 -0.26 0.06 -0.23 
Spot depth -0.28* -0.33* -0.07 -0.32* 
Spot temperature -0.39* -0.29* -0.16 0.06 
Mean current velocity -0.34* -0.30* -0.14 -0.50* 
Mean depth -0.41 * -0.44* -0.27 -0.47* 
Mean temperature -0.27 -0.18 -0.31 * -0.45* 

STABILITY 
Spot temperature range -0.06 -0.04 -0.07 -0.45* 
Mean temperature range 0.09 0.07 -0.05 -0.72* 
Current variation -0.24 -0.19 -0.16 -0.64* 
Depth variation -0.19 -0.23 -0.26 -0.67* 
Spot stone movement 0.002 -0.04 -0.18 -0.59* 
Mean stone movement 0.19 0.12 0.05 -0.57* 
Pfankuch bottom component 0.12 0.15 -0.004 -0.46* 
Tractive force . -0.01 -0.10 0.08 0.05 
Overall stability 0.05 0.06 -0.05 -0.65* 

a strong positive relationship was found between seasonal variation and stability 

(F = 25.04,dj= 1,7,P < 0.05)(Fig.3.12)providedBruceStreamandKowaiRiver 

samples were removed from the analysis. Results obtained at these two sites were 

similar but appeared to be outliers with respect to the other data points. 

Amount of organic material associated with the stone samples was correlated 

with a number of physical, chemical and stability measures (Table 3.6). The only 

stability measurement not negatively correlated with the stone organics was the 

percentage of substrate predicted to be moving, given the critical tractive force of 

the site. 
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Figure 3.10. The relationship between the dry weight of particulate organic material associated with 
stones and overall stability. Plotted values are averages of the seasonal means ± 1 SE. Regression 
analysis was performed including seasonal comparisons to yield the equation, log10 (stone POM) = 
1.04 - 0.69(stability score),,2 = 0.50. 
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Figure 3.11. Mean dry weight of parliculate organic material associated with stone invertebrate 
samples (n = 15) collected from the study sites between October 1987 and October 1988. 
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Figure 3.12. A. Mean (± 1 SE) of the coefficient of variation of particulate organic material asso
ciated with fifteen replicate stone sam pIes (spatial variation) collected in each season at the study sites 
plotted against overall stability (multivariate stability score). The relationship was not significant, 
,2 = 0.07. 

B. Coefficient of variation of stone associated particulate organic material at the eleven 
study sites, based on mean values obtained in five seasons, plotted against overall stability. With all 
sites included the relationship was not significant,,2 = 0.19. However with Kowai River and Bruce 
Stream (the two outliers) excluded a significant relationship exists (the plotted line); Seasonal CV = 
104.8(stability score) - 3.82,,2 = 0.78. 

DISCUSSION 

Both periphyton pigment concentrations -and epilithic carbon concentrations were 

affected by overall environmental stability. With both variables exhibiting a loga

rithmic decline in concentration as stability decreased. All of the individual stabil

ity measurements were negatively correlated with these variables, and although 

other physical and chemical variables were correlated, these correlations were 

never as strong. Of all the measured physicochemical and stability variables the 

Pfankuch bottom component was the single best predictor in all but one case 

(epilithic carbon concentrations in the spring 1 sample, when mean stone move

ment was most important). In these small, nutrient poor streams it appears there

fore that stream bed stability is the primary factor influencing the biomass of epil

ithon. 

Seasonality in organic biomass on stone surfaces also appeared to be affected 

by the stability of a site, although different patterns were found for periphyton and 

epilithic carbon. Periphyton biomass at the unstable sites followed the classical 

textbook pattern of peaks in spring and lows in the winter, however, at stable sites 

peaks occurred in winter or autumn. Results obtained by Rounick & Gregory 

(1981) in an Oregon stream, suggested that the classical pattern of high periphyton 

biomass in spring and low biomass in winter was related to the higher frequency of 

flood events in winter removing periphyton by scouring. Thus, during a year of low 
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flows they found that periphyton biomass peaked in winter. This was the condition 

that occurred at my stable sites where severe winter flooding did not occur. Perhaps 

lower invertebrate grazing pressure during winter allows higher periphyton bio

mass to develop despite decreased light availability. Because stable and unstable 

sites responded differently to seasonal influences this also meant that the relation

ship between periphyton biomass and stability changed between the seasons. 

In contrast to periphyton biomass (Le., total pigment concentration) epilithic 

carbon concentrations peaked in autumn at the unstable sites and in spring or 

summer at the stable sites. Why total organic carbon should respond differently is 

difficult to explain, especially considering that the SEM study revealed that algae 

were a dominant component of the stone surface layers. Although Cowie (1980) 

has also found that the algal and non-algal components of epilithic communities in 

Middle Bush Stream respond differently to seasonal influences. My results seem 

to reflect a greater sensitivity of the non-algal component of the epilithon to sub

strate movement brought about by increased flows. The last two collections (winter 

(July) and spring 2 (October)) were preceded by two major spates in May and 

September, respectively, that affected all but a few of the sites. So, although algal 

biomass appeared to recover before samples were collected, two and one month 

later, respectively, total epilithic carbon had not recovered to the same extent. 

In general, neither spatial nor seasonal variability of either of these parameters 

was related to the stability of a site. The one exception was the seasonal variability 

of periphyton biomass, which showed a marked increase with decreasing stability. 

Similarly, stability appeared to have no major effect on periphyton community 

composition and in general the same taxa (blue green algae, Gomphonema, 

Achnanthes lanceolata and Cocconeis) predominated at all sites. Rather, stability 

appeared to effect periphyton biomass, such that the most obvious difference in the 

nature of stone surface communities between the two site groups was that those 

from the unstable sites were predominantly bare and any attached algae were 

found in crevices on the stone surfaces. In contrast, stone surfaces at the stable sites 

were covered with dense uniform mats of diatoms and blue green algae. There was 

also a greater diversity of diatom taxa at the stable sites. Synedra, Cymbella, 

. Gomphoneis, filamentous diatoms and filamentous green algae also appeared to be 

more characteristic of the stable sites or stable periods of flow. 

Quantities of particulate organic material collected in core samples were not 

related to any stability measurements made in these streams, but appeared to be 

related more to the size of stream and the nature of the overhanging vegetation. 

The forested streams, not surprisingly, contained the greatest amount of material 

despite being of intermediate stability. In contrast, amounts of particulate organic 
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matter collected in association with stone samples were strongly correlated with 

stability, decreasing as a site became more unstable. Why these two similar vari

ables should have different relationships with stability is difficult to explain, but in 

part it probably reflects differences in the nature of this organic material. At 

several of the sites the organic material collected in association with stones was 

primarily moss and filamentous algae growing on the stone surfaces, whereas the 

material in core samples was primarily dead terrestrial plant material that had 

filtered down amongst the substrata. It is not surprising therefore, that amounts of 

stone associated organics were positively correlated with stability, as moss and 

filamentous algae both require relatively stable flow conditions. 

In summary, environmental stability had a strong influence on the amount, and 

to a certain extent the type, of material present on stone surfaces. However, in the 

open streams at least, it did not appear to affect retention of organic material within 

the substrate. 



INVERTEBRATE COMMUNITIES 



INTRODUCTION 

In this section I investigate a number of hypotheses concerning the influence of 

environmental stability on the community organisation of stream invertebrates. 

They include the influence of environmental stability on diversity patterns (Chap

ter 5), species-abundance distributions (Chapter 6), community composition 

(Chapter 7), community stability (persistence) (Chapter 8), community stability 

(resilience) (Chapter 9), competition (Chapter 10), and overlap of spatial re

source utilization (Chapter 11). These chapters are based on samples collected at 

my study sites between October 1987 and October 1988 as detailed in Chapter 4. 

A summary of the data is presented in Appendix I. 



CHAPTER 4 

SAMPLE COLLECTION 

SAMPLING RATIONALE 

One of the principal questions addressed in this study is what influence does envi

ronmental stability have on community stability and complexity? Classically, this 

has involved examining the trophic structure of a community, and how the com

plexity of its structure affects its stability. Much of the theory, however, relates to 

the intensity of interaction between species in a community irrespective of 

whether interactions are associated with food or another resource. Competition 

for food (e.g., McAuliffe, 1984a; Hawkins & Furnish, 1987) and space (e.g., 

McAuliffe, 1984b; Hart, 1985; Hemphill, 1988) have both been shown to occur in 

stream invertebrate communities. Space therefore is likely to be an equally im

portant resource to stream invertebrates, and consequently may also be an impor

tant factor in community organisation. 

Competition for food resources may also lead to a separation of competing 

species in space and/or time. For example, Dudley et al. (1990) found that Ble

pharicera micheneri and Simulium virgatum occupied separate patches within the 

same Californian stream as a result of competition for food. Optimal foraging 

theory also predicts that predators and their prey will occur together (Krebs, 

1978). Therefore, the occurrence or lack of occurrence of two species together 

(depending on the nature of their relationship) at a single point in space and time, 

may not only reflect the result of competition for spatial resources but may also 

reflect trophic interactions. A measure of spatial interaction may therefore in 

fact be a better representation than trophic interaction of the overall degree of 

interaction between two species (see Chapter 9 for a fuller discussion). 

To measure the degree of spatial interaction of invertebrates in my study 

communities it was necessary to sample spatial resource states, and examine the 

degree to which their usage overlapped between species. This in itself is difficult, 

for how do stream invertebrates perceive spatial resources? An aquatic inverte

brate may see a crevice in a rock surface as a completely different resource from a 

smooth exposed rock surface. 
A fundamental constraint however, on any attempt to sample resource states 

is the degree to which they can be reliably sampled. I decided to use stones as 
naturally occurring environmental units, that could be reliably sampled, and be
tween which spatial overlap could be measured. Stone samples also seemed to be 
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an appropriate scale for this study, because if spatial resource partitioning does 

take place, division of resources is likely to occur at boundaries between re

sources; the well defined edges of a stone are natural and highly probable 

boundaries for any such partitioning. The technique of measuring niche (or inter

action) parameters over naturally occurring environmental units (such as stones) 

has received both theoretical support (Colwell & Futuyma, 1971; Allan, 1975; 

Hanski, 1978; Hurlbert, 1978; Hutchinson, 1978; Y odzis, 1978) and also support 

from field investigations involving aquatic invertebrates (Allan, 1975; Bruns & 

Minshall, 1983). 

Finally, Wrona et al. (1986) proposed a technique for sampling benthic inver

tebrates using stones as sampling units, where both densities and their associated 

error terms are expressed in units of area of stream substrate. They claimed that 

their technique was superior to more conventional area-delimited sampling (e.g., 

Surber sampling) because it allows for variation resulting from both habitat 

heterogeneity and organism dispersion. Stone sampling, therefore, not only al

lows measurement of spatial overlap but may also provide a more efficient tech

nique for measuring benthic invertebrate densities. 

SAMPLING EFFICIENCY 

The efficiency of the stone sampling technique was assessed against the more 

conventional, Surber sampling technique, and also enabled me to evaluate how 

many stones to collect at each site to obtain a relatively accurate estimate of 

population densities. 

My comparison of the two techniques was carried out at the relatively stable 

Porter River site where there was a high density and diversity of invertebrates. 

Five random stone samples (a stone sample comprises three stones, one from 

each size class) and five random Surber samples were collected from the same 

stretch of stream. The collection nets used for the stone samples and forming part 

of the Surber sampler were 250 pm mesh. Samples were preserved in 10% for

malin, sorted and identified to the lowest possible taxonomic level (see below for 

more details on sampling protocol). 

The cumulative number of species collected in random combinations of 

samples are plotted in Fig. 4.1. Both techniques appeared to plateau at the five 

sample mark, indicating that few additional species would be collected with addi

tional sampling. The Surber sampling technique appeared to collect consistently 

fewer species, however. This may be related to differences in sampling protocol 

between the two techniques. The Surber samples are obtained by disturbing the 
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Figure 4.1. Mean cumulative number of species (± 1 SE) collected in random combinations of five 
stone (0) and Surber (.) samples. 

substrate and collecting any dislodged animals in a net; a procedure that does not 

remove all the animals associated with the substrate (see Chapter 12). However, 

the stone sampling technique allowed the entire stone to be removed from the 

substrate and all the animals associated with it removed. 

The density estimates for a number of taxa and their associated confidence 

intervals, obtained with both techniques are given in Table 4.1. Density estimates 

for the common invertebrates taken by both techniques appeared to be compa

rable (all T values indicated no significant difference between the two estimates, 

P > 0.05). Although intersample variability was slightly higher for the Surber 

samples (the average 95% confidence interval for the mean density of common 

taxa was ± 55% for Surber samples and ± 41 % for stone samples). Elliot (1977) 

claimed density estimates with a standard error ± 20% of the mean was an ac

ceptable precision for most ecological work and both techniques are approaching 

this level. 

To improve the precision of density estimates obtainable by sampling stones 

to the point where estimates would have 95% confidence limits within ± 20% of 

the mean would have entailed collecting between 3 and 6 times as many samples. 

The considerable amount of extra sampling effort required to achieve this did not 

seem warranted given the small increase in accuracy that would result. 

To further ensure that I was not missing species by sampling single stones, I 
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Table 4.1. Mean density estimates and 95% confidence intervals for those estimates using both Surber 
samples and stone samples for a number of rare and common taxa at Porter River. 95% confidence 
intervals are expressed as a percentage of the mean. 

Taxa Stone sample Surber sample Stone sample Surber sample 
density density 95% 95% 

estimate estimate confidence confidence 
(0.1 mol) (0.1 mol) interval interval 

(±%) (±%) 

Potamopyrgus antipodarnm 708 466 40 49 
Deleatidium sp. 278 351 34 22 
Austrosimulium laticome 837 125 54 75 
Maoridiamesa harrisi 517 321 47 72 
?Rheocricotopus sp. 93 24 45 124 
Eukiefferiella claripennis 6 5 25 102 
Hydrachenellae sp. A 7 20 100 65 
Notoaturinae sp. A 18 32 43 72 

Total 2861 1607 28 21 

collected extensive "kick net" samples (250}lm mesh net) in association with the 

first seasonal samples. Sampling covered as wide a range of microhabitats within 

the sampling area as possib~e including any large boulders present, interstitial 

stone spaces, and stream edge margins. Between one and eighteen additional 

species were collected at the study sites by "kick sampling". However, none of the 

collected species was represented in these samples by more than 10 individuals, 

and in general only one or two individuals of each were collected. These rare 

species were unlikely to have had much impact on community organisation. 
, 

In summary, the stone sampling technique appeared to collect the majority of 

common species present within a study site. The accuracy of density estimates 

was moderate, but certainly no less accurate than those obtained from Surber 

samples. 

SAMPLING PROTOCOL 

Collections were made on 23 & 24 October 1987 (spring 1), 23, 24 & 25 January 

1988 (summer), 23,24 & 25 April 1988 (autumn), 231 30 & 31 July 1988 (winter) 

and 23 & 24 October 1988 (spring 2). Fifteen random stones were sampled at 

each site, five stones from each of three size classes (large, maximum diameter 

90-180 mm, medium, 60-90 mm and small, < 55 mm). These size classes corre

spond to the sizes of painted stones used to monitor substrate movement (Chap

ter 2). 

Stones were sampled progressively as I moved upstream. A 250 pm mesh net 

was held behind each stone which was lifted rapidly into the net. Adjacent stones 
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were disturbed as little as possible but any fine sediment or detritus immediately 

below the stone was disturbed and any associated invertebrates were collected. 

Samples were preserved in 10% formalin. 

Invertebrates larger than 1 mm body length were sorted by eye, whereas those 

0.25 - 1 mm long were sorted out in a Bogofov tray at a magnification of xIS. Two 

or three passes through the tray were made to ensure no animals were missed. 

Where possible, invertebrates were identified to species level using the keys of 

Brinkurst (1971) (Oligochaeta), Chapman & Lewis (1976) (Crustacea), Or dish 

(1984) (Hydraenidae), McFarlane (1951) (Hydrobiosidae), Cowley (1978) (gen

eral Tric'6ptera), Cook (1983) (Acarina) and Winterbourn & Gregson (1989) 
A 

(other aquatic taxa). However, the state of taxonomy of New Zealand aquatic 

invertebrates did not always allow this. Thus, although taxa could not always be 

named, they were still differentiated into apparent morphospecies. 

Density calculations (and their associated error terms) were made with the 

technique of Wrona et at. (1986), which takes into account variation arising from 

both the heterogeneity of the habitat and the spatial dispersion of organisms. 
k 

Thus population density (d) = L Yi,Xi 
i = 1 

where d = the mean density of organisms (per unit habitat), 

Yi = the stone weighting factor for the ith stone size class, 

Xi = the mean number of organisms per stone in the ith stone size class 

and k = the total number of stone size classes. 

The variance of this density estimate is given by: 
k k -1 k 

V( d) = L V(Yi:Xi) + L L 2.COV(Yi,Xj,yj'xj) 
i=1 i=1 j=i+1 

where V( d) = the total variance of the weighted density estimate, 

V(Yi'xi) = joint variance of stone and mean organism estimates of the ith 

stone size class and 

COV(Yi,Xi,yj'Xj) = the covariance correction between the ith and jth stone 
size classes. 

The standard error of the estimated density is the square root of V( d). Density 

estimates were calculated per 0.1 m2 of stream substrate, and stone weighting 

factors were assessed by examining the relative proportions of each of the three 

stone size classes in 10 random quadrats of 0.1 m2• Actual calculations were per

formed using a Turbo BASIC program that I wrote. 



CHAPTERS 

INVERTEBRATE DIVERSITY 

INTRODUCTION 

Attempts to explain spatial and temporal patterns of diversity in nature have been 

(e.g., Thoreau, 1860; Clements, 1916) and continue to be (May, 1986; Auerbach 

& Shimada, 1987) a pervading theme in ecological research. Many factors have 

been linked with observed patterns of diversity, including productivity, spatial 

heterogeneity, climatic variation, environmental harshness, environmental age, 

and disturbance, (both physical and biotic) (Pianka, 1983; Krebs, 1985; Begon et 

al., 1990). Of these, the interaction between abiotic and biotic disturbances and 

diversity has been one of the most debated issues, with numerous equilibrium and 

nonequilibrium models put forward to explain observed patterns of diversity (for 

reviews see Thiery, 1982; Pickett & White, 1985; Petraitis et al., 1989). However, 

the debate is still far from being resolved. 

The link between disturbance and diversity in stream environments is also a 

dominant theme of research in stream ecology (Resh et al., 1988), and several 

authors have postulated links between high diversity and increasingly stable envi

ronments (Minckley, 1963; Mackay & Kalft, 1969; Bishop, 1973; Cowie, 1980). In 

a number of studies a positive correlation has also been found between channel 

stability (as measured by the Pfankuch stability index) and species diversity 

(Rounick & Winterbourn, 1982, Winterbourn & Collier, 1987; Graesser, 1988). 

Flood events can also reduce density and diversity of invertebrate (Siegfried & 

Knight, 1977; Fisher et al., 1982; McElravy et al., 1989; Sagar, 1986; Scrimgeour & 

Winterbourn, 1989), periphyton (Tett et al., 1978; Power & Stewart, 1987) and 

fish (Matthews, 1986; Meffe & Minckley, 1986) communities, at least initially. 

However, although it is clear that severe disturbances reduce diversity, the effects 

of lesser disturbances are unclear. 

Equilibrium models have been suggested to explain patterns in benthic com
munity structure (e.g., Minshall & Peterson, 1985), however, as in other areas of 
ecology (e.g., Strong et ai., 1984; Diamond & Case, 1986), there appears to be a 
general trend away from such models towards nonequilibrium models because of 
the stochastic nature of many enviromn.ents (but see DeAngelis & Waterhouse, 
1987 and Petraitis et al., 1989). The intermediate disturbance hypothesis (Grime, 

1973; Connell, 1978) may be a suitable model to describe diversity patterns in 
lotic systems, and until recently, has been the dominant hypothesis dealing with 
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diversity in stream ecology (Ward & Stanford, 1983; Resh et al., 1988). It predicts 

that diversity will be greatest at intermediate levels of disturbance. In the face of 

little or no disturbance, it is hypothesized that competitive exclusion will be able 

to proceed towards equilibrium and diversity will decrease as competitively infe

rior species are eliminated. If disturbances are too severe or too frequent, on the 

other hand, resident species will be eliminated and replaced by others that are 

more efficient colonisers, but competitively inferior. At intermediate levels of 

disturbance both groups are able to persist and diversity peaks. This hypothesis 

has received support from both theoretical (Petraitis et al., 1989) and empirical 

(Stanford & Ward, 1983) studies. 

Investigations into the effects of disturbance on diversity are fraught with defi

nition problems (Thiery, 1982; Petraitis et al., 1989; Lake, 1990), and the interme

diate disturbance hypothesis is no exception. Disturbance in the context of the 

hypothesis can be either biotic (e.g., predation) or abiotic (e.g., physical distur

bance), but for the purposes of this study I am considering only purely abiotic 

disturbances. This in itself generates problems, for as environmental stability 

increases the impact of predation may also increase (Menge & Sutherland, 1976, 

1987; Peckarsky, 1983; Peckarsky et al., 1990) (but see Walde, 1986). The effect 

of predation on diversity also depends on the nature of the predator itself; if a 

major predator prefers the competitive dominant as prey, then increased preda

tion pressure should enhance species diversity (e.g., Paine, 1966). However, if 

competitive dominants are not the preferred prey then in theory at least increased 

predation will result in decreased species diversity (e.g., Lubchenco, 1978). As 

the impact and mechanisms of predation per se in stream environments are still 

poorly understood, it is difficult to predict how the affect of predation may alter 

with increasing stability of the physical environment. 

Experimental studies into the effects of disturbance on stream invertebrate 

communities (Clifford, 1982; Reice, 1984, 1985; Robinson & Minshall, 1986; 

Doeg et al., 1989; Lake et al., 1989) in general have not supported the intermedi

ate disturbance hypothesis, although Malmqvist & Otto (1987) claim weak but in

conclusive support for the concept. However, the methodology and scale at which 

these experiments have been conducted have been severely criticised by both 

Minshall (1988) and Lake et al. (1989). All have involved manipulation of small 

patches of stream or artificial substrata, and while they may mimic the effects of 

minor floods (Doeg et al., 1989) they do not test the effects of disturbance on 

entire stream reaches, as proposed in Ward & Stanford's (1983) original applica

tion of the hypothesis. 

In a recent review of the role of disturbance in stream ecosystems, Resh et al. 
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(1988) concluded that the applicability of the intermediate disturbance hypothe

sis is contingent upon demonstration of the generality of competitive hierarchies. 

These have been shown to occur in stream systems (e.g., McAuliffe, 1984a, 1984b; 

Hart, 1985; Hawkins & Furnish, 1987; Hemphill, 1988; Dudley et al., 1990), but 

the generality of such relationships is far from conclusive (Reice, 1985). It is also 

necessary to demonstrate that a trade-off between superior competitive ability 

and the ability to colonise newly available habitat occurs (Petraitis et al., 1989). 

Again there is some support for this idea. For instance, Hemphill & Cooper 

(1983) observed that larval Simulium virgatum which colonised bare stones fol

lowing a disturbance were eventually replaced by the competitively dominant 

Hydropsyche oslari (Hemphill, 1988). Likewise, stream channels in England, colo

nised by adult midges from nearby streams, were initially dominated by a previ

ously undescribed species of chironomid (Orthocladius calvus) (Ladle et al., 1985; 

Pinder, 1985), but were eventually replaced by a more "normal" complement of 

chironomid species. In contrast, neither Reice (1984, 1985) nor Doeg et al. (1989) 

found evidence of a specialized "colonising" fauna in their experimental studies. 

Whether stream invertebrates exhibit any trade-off between competitive ability 

and colonising ability is clearly still uncertain and in need of further investigation. 

Of the three major hypotheses that Resh et al. (1988) reviewed, Huston's 

(1979) dynamic equilibrium model was considered to be most generally appli

cable to stream communities. It models community structure as a trade-off be

tween the frequency of population reduction and the rate at which competitive 

exclusion proceeds, and the latter in turn is related to the productivity of the envi

ronment. If the interval between disturbance events is shorter than the time re

quired for competitive exclusion then initial diversity levels should be maintained. 

However, under conditions of infrequent disturbance an increase in population 

growth rates of strong competitors would lead to a decrease in diversity via com

petitive displacement. It is unclear, however, whether lower productivity would 

suppress competitive exclusion because population growth rates are depressed or 

enhance competitive exclusion because resources are more limiting (McGuin

ness, 1987). The question of how disturbance and productivity may be linked, and 

in turn how this effects competition still remains to be tested in stream environ

ments. However, McGuinness (1987) has rejected Huston's model as an explana

tion of community patterns in intertidal boulder communities. 

Hypotheses, such as the equal chance 'hypothesis (Connell, 1978; Sale, 1977, 

1980a), have also been suggested as worth considering to explain patterns in 

stream community structure (Hart, 1983; Lake, 1986), but have received little 

support. 
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The exact nature of the relationship between diversity and disturbance in 

stream environments therefore remains essentially unresolved, and future at

tempts to examine the problem, must resolve problems of both definition and 

scale. Thus, Reice (1984, 1985) and Robinson & Minshall (1986) found that spe

cies richness and what they termed diversity (this was actually the Shannon-Wie

ner index of diversity) responded differently to disturbance. This illustrates one 

of the fundamental difficulties in studies of diversity, principally that there are 

two components to diversity, species richness and species evenness, which do not 

necessarily respond to disturbances in a similar way. Hurlbert (1971) even went 

so far as to suggest that diversity was a non-concept because of the problems in

volved in defining and measuring it. In this chapter I examine both components 

of diversity separately and consider their relationships with six separate measures 

of environmental stability, and a combined stability measure encompassing all six 

variables. 

MATERIALS AND METHODS 

A large number of indices are available for assessing species diversity, each one 

with it's own advantages and disadvantages. These indices have variously been 
reviewed by May (1975), Pielou (1975), Southwood (1978), Washington (1984), 

Ludwig & Reynolds (1988) and Magurran (1988) to name a few. Despite having 

been extensively reviewed there is still little concensus as to which measure or 
measures are best. The choice of an index is further complicated by the fact that 

diversity comprises two components, species richness (i.e., the number of species) 

and species evenness or equitability (i.e., how the individuals are distributed 
amongst species). Although some indices combine both components, this may in 

fact obscure much potentially useful information. 

I chose to use several indices, each measuring a slightly different aspect of 

diversity. They are all simple indices that are easy to interpret biologically, and 

have received consistent support in reviews on the topic. The indices are: 
1. Species number (S). 

2. Margalefs index (Clifford & Stephenson, 1975), a simple measure of spe
cies richness given by: 

DMg = (S-1)jln N 

where N = the total number of individuals collected. 

Its use is advocated by Magurran (1988) among others. 

3. The log series alpha index (Taylor, 1978) which is also essentially a measure 
of species richness and is given by: 

a = N(1-x) 
x 
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where x is estimated from the iterative solution of: 

SjN = (l-x)jx[-ln(l-x)]. 

The properties of this index have been investigated thoroughly (Taylor, 1978; 

Kempton & Taylor, 1974, 1976) and it is recommended by several authors (Tay

lor, 1978; Southwood, 1978; Magurran, 1988) because of its good discriminating 

ability and relatively low dependence on sample size. It remains a satisfactory 

measure of diversity even when the un~erlying species-abundance distribution is 

not a log series (Taylor, 1978), although in my case, most data sets did fit such a 

distribution (see Chapter 6). Shepard (1984) recommended it as an appropriate 
index for describing stream benthic communities, because the assumptions of the 

log series distribution seemed particularly appropriate for samples of benthic 

invertebrates. 

4. The Berger-Parker dominance index (Berger & Parker, 1970), which is a 

simple measure of evenness (or dominance) given by: 

D = NmaxiN 
where Nmax "'; the number of individuals in the most abundant s~ecies and 

N = the total number of individuals collected. 

It is an intuitively simple index advocated by May (1975) and Magurran (1988) as 

an index of dominance. 

5. Simpson's index (1949), which is also a measure of evenness and has the 

form: 

D = L .(ni.(niJ). 
(N(N-1» 

where ni = the number of individuals in the ith species and 

N = the total number of individuals collected. 

This index is strongly weighted towards the most abundant species, but is ad

vocated by a number of authors including May (1975) and Washington (1984), be

cause it better reflects the entire species-abundance distribution than other simi

lar indices (e.g., the Shannon-Wiener index). 

The last two indices were expressed as reciprocals so that, as for the other 

indices, an increase in the index represents an increase in that diversity compo

nent. 

It is worth noting here that in many studies of disturbance the Shannon-Wie

ner index, H' (which is based on information theory) has been used as a diversity 

measure. However, its biological relevance has been severely criticised by 

Hurlbert (1971), Goodman (1975) and May (1975) to name a few, and is held by 

many as an inappropriate measure of diversity. Consequently, I have not used 

this index, despite its rather widespread use. 
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ANALYSIS 

Data were analysed with the regression, stepwise regression and Spearman rank 

correlation procedures of SAS (1985). Stepwise regression of diversity variables 

was carried out using the 26 biological, chemical, physical and stability measure

ments listed in Table 5.1. Spot measurements are those made at the time of col

lection or for the month prior to the collection of samples. The critical probability 

for addition and removal of variables to the model was set at 0.05. The same 

variables were used in the correlation analysis. 

RESULTS 

A total of 185 species were collected in the seasonal sampling program with any 

one collection (i.e., all the stones collected in each season at a site) containing 

between 7 and 64 species. The number of species taken at each site is shown in 

Fig. 5.1. This decreased as the overall environmental stability (i.e., the multivari

ate stability scores) of the site decreased (Fig. 5.2) (F = 136.66, df = 1,49, 
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Figure 5.1. Total number of species collected in each season at the study sites between October 1987 
and October 1988. 
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Figure 5.2. Number of species as a function of overall stability (multivariate stability score). Plotted 
values are the averages over all seasons of the total number of species collected on each sampling date 
at a site ± 1 SE. Regression analysis was performed including seasonal comparisons to yield the 
equation, number of species = 49.03 - 17.76(stability score), r2 = 0.77. 

P < 0.05, r2 = 0.77). The number of species collected was also significantly differ

ent between the seasons (F = 5.92, df = 4,49, P < 0.05), although this difference 

existed primarily between the spring 2 sample and the others. Significantly fewer 

species occurred in spring 2 than in all the other seasons except winter (the only 

other significant difference in species number was between winter and summer). 

Lower species numbers in spring 2, and to a lesser extent winter, was probably the 

result of an increase in the size and severity of spates during these seasons when 

even some of the more stable sites (especially Cora Lynn and Middle Bush) were 

mildly disturbed. 

The nature of the relationship between the number of species and the stability 

of a site (i.e., the slope of the graph) did not change with season, however 

(F = 0.49, df = 4,45, P > 0.05). This was surprising given that during these latter 

two seasons (i.e., spring 2 and winter) conditions in many of the streams were con

siderably more unstable than at other times of the year. During such periods one 

might have expected the more unstable sites to be more severely affected by in

creases in disturbance, than the stable sites. If so, the slope of the regression 

should become progressively steeper, i.e., the more unstable sites should lose 

proportionally more species, because they experience more severe disturbances. 
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Examination of Fig. 5.3, however, indicates that the sites at either end of the re

gression line were maintaining proportionally similar numbers of species, and 

that only the sites of intermediate stability were falling below the regression line. 

When the relationship was examined using average stone movement at a site 

as the measure of stability, rather than the multivariate stability scores, the same 
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Figure 5.3. Total number of species collected in each season as a function of overall stability (multi
variate stability score). 
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overall pattern emerged (Fig. 5.4). However, the positions of the sites of interme

diate stability changed, and rather than simply dropping below the regression line 

they fell away in a linear manner (dotted lines) so that the slope of the relation

ship between stability and species number increased (F = 3.85, df = 4,35, 
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Figure 5.4. Total number of species collected in each season as a function of mean stone movement, 
and for the seasons combined. Regressions with solid lines include Kowai River and Bruce Stream in 
the analysis, those with dashed lines are regressions excluding these two sites. 



Chapter 5: Invertebrate Diversity 77 

P < 0.05); the predicted response. The two most unstable sites.(Kowai River and 

Bruce Stream) again did not show a proportionally greater decrease in species 

numbers in the face of increased disturbance and therefore the slope of the re

gression incorporating all sites did not increase. In fact, the number of species at 

these highly unstable sites appeared to be unaffected by increasingly unstable 

conditions, and it was only the sites of intermediate stability that showed a distinct 

reduction in species number in response to increased disturbances (Note how

ever, that the effect of increased disturbances on diversity at the most stable sites 

was not examined, as these sites experienced little or no increased disturbance). 

The total number of animals collected from the fifteen stones at each site in 

anyone season ranged from 16 at Bruce Stream to 16,047 at Slip Spring (Fig. 5.5). 

Seasonal patterns in the total number of animals appeared to be similar in both 

stable and unstable sites with peaks of abundance in the first spring and summer. 

These seasonal differences were significant (F = 4.41, df = 4,49, P < 0.05), with 

spring 1, summer and autumn having significantly higher densities than winter 

and spring 2, probably because many of the streams experienced more unstable 

conditions during these latter two seasons. Similarly, across all the seasons, total 
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number of invertebrates was considerably lower in the less stable sites (Fig. 5.6) 

(F = 57.90, df = 1,49, P < 0.05, r2 = 0.61) with a similar relationship between 

overall stability and total number of animals in all the seasons (F = 0.93, 

df = 4,45, P > 0.05). 

Seasonal variation in the number of species (Le., the coefficient of variation of 

the five seasonal samples) (Fig. 5.7) was not significantly related to stability 

(F = 3.23, df = 1,9, P > 0.05, r = 0.26). However, if the relatively invariable 

Kowai River data are omitted, a significant increase in seasonal variability is 

found with a decrease in environmental stability (F = 7.89, df = 1,8, P < 0.05 

r = 0.50). Thus, in general the unstable sites showed a greater proportionate 

change in the total number of species between each of the seasons. Similarly, the 

relative change in the total number of individuals between seasons (Le., the coef

ficient of variation of the five seasonal samples) (Fig. 5.7) increased with a de

crease in stability (F = 8.37, df = 1,9, P < 0.05, r = 0.48). 

Both numbers of species and total numbers of individuals were correlated 

with similar variables (Table 5.1). They were both positively correlated with epil

ithic pigment concentration, epilithic carbon concentration, and stone associated 
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Figure 5.6. Total number of individuals as a function of overall stability. Plotted values are the 
averages over all seasons of the total number of individuals collected on each sampling date at a site 
± 1 SE. Regression analysis was performed including seasonal comparisons to yield the equation, 
logio (total number) == 3.55 - 0.82(stability score), r2 == 0.61. 



Chapter 5: Invertebrate Diversity 79 

30 60 

~ 
A. 

~ :> 
20 

0 
40 

rz. 
0 0 

I 0 
0 

10 0 20 

5 
00 

0 
00 0 

0 
u 0 0 

0 0 
0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

MULTIVARIATE STABILITY SCORE MULTIVARIATE STABILITY SCORE 

Figure 5.7. Coefficient of variatioI). of number of species (A) and total number of individuals (B), over 
the five seasons as a function of overall stability. The regression analysis for the number of species 
was not significant (r2 = 0.26), however, that for the number of individuals yielded the equation, 
seasonal CV = 17.92 + 12.31(stability score), r2 = 0.48. 

POM biomass. With the exception of tractive force (which was not correlated 

with species number) both were also negatively correlated with all stability meas

ures. Spot water temperature and spot current velocity readings were also signifi

cantly related to both variables. 

In a stepwise regression analysis the overall stability score was the single best 

predictor of the number of species at a site in all but one of the seasons (spring 2) 

(r2 = 0.75-0.88) and for all seasons combined (r2 = 0.65) (Table 5.2). In spring 2 

epilithic carbon concentration was the best predictor (r2 = 0.60). Total numbers 

of individuals at a site were best predicted by epilithic pigment concentration in 

each of the seasons (r2 = 0.81-0.90) and for all seasons combined (r2 = 0.63) 

(Table 5.3). 

The response of the diversity indices to stability essentially fell into two cate

gories corresponding to species richness and species evenness/dominance. The 

two indices of species richness, Margalefs index and the log series alpha index, 

both showed a significant decrease with a decrease in stability (Fig. 5.8) 

(F = 52.66, df = 1,49, P < 0.05, r2 = 0.54, andF = 11.16, df = 1,49, P < 0.05, 

r2 = 0.22 for Margalefs index and the log series alpha index, respectively). In 

contrast, both the evenness indices, the Berger-Parker dominance index and 

Simpson's index, showed no significant linear relationship with stability (Fig 5.8) 

(F = 3.34, df = 1,49, P > 0.05, r2 = 0.08, and F = 3.38, df = 1,49, P > 0.05, 

r2 = 0.07 for the Berger-Parker index and Simpson's index, respectively). These 

two indices although not related linearly to stability, did however, reveal interest

ing patterns. Maximum diversity (i.e., minimum dominance) was exhibited by 
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Table 5.1. Correlation (rs) of several diversity measures with a number of biological, hydrological and 
chemical parameters. The hydrological and chemical parameters were monthly measurements made 
at the study sites between October 1987 and May 1989, and the biological parameters were those 
collected in association with the invertebrate samples (see Chapters 2 and 3). * indicates significant 
correlations at P = 0.05. 

Physicochemical/ Species Total Margalefs Log series Berger- Simpson' 
Biological number number of index alpha Parker index 
parameter individuals index dominance 

index 

BIOLOGICAL 
Epilithic pigment cone. 0.72* 0.83* 0.23 0.04 0.11 0.07 
Epilithic carbon cone. 0.79* 0.81* 0.38* 0.20 0.19 0.18 
CoarsePOM -0.08 -0.18 0.20 0.25 0.08 0.11 
FinePOM 0.03 -0.15 0.23 0.22 0.06 0.07 
TotalPOM -0.10 -0.24 0.20 0.25 0.04 0.08 
StonePOM 0.70* 0.42* 0.72* 0.63* 0.46* 0.49* 

CHEMICAL 
Spot conductivity 0.24 0.11 0.23 0.19 0.23 0.19 
Spot pH 0.17 0.01 0.23 0.20 0.31* 0.22 
Mean Conductivity 0.21 -0.05 0.33* 0.31* 0.28* 0.32* 
Mean pH 0.11 0.03 0.14 0.12 0.20 0.14 
Mean alkalinity 0.46* 0.26 0.38* 0.29* 0.21 0.30* 

PHYSICAL 
Spot current velocity -0.37* -0.30* -0.33* -0.26 0.09 0.05 
Spot depth -0.22 -0.08 -0.39* -0.37* -0.002 0.02 
Spot temperature 0.35* 0.36* 0.14 -0.02 0.23 0.15 
Mean current velocity -0.39* -0.21 -0.49* -0.47* -0.14 -0.15 
Mean depth -0.24 -0.01 -0.53* -0.56* -0.17 -0.21 
Mean temperature -0.17 0.09 -0.37* -0.35* -0.03 -0.13 

STABILITY 
Spot temperature range -0.45* -0.36* -0.40* -0.32* -0.08 -0.17 
Mean temperature range -0.64* -0.46* -0.53* -0.42* -0.23 -0.34* 
Current variation -0.52* -0.34* -0.56* -0.51* -0.22 -0.21 
Depth variation -0.50* -0.30* -0.60* -0.55* -0.26 -0.31* 
Spot stone movement -0.67* -0.71* -0.38* -0.22 -0.21 -0.19 
Mean stone movement -0.76* -0.80* -0.41 * -0.23 -0.26 -0.24 
Pfankuch bottom compo -0.75* -0.76* -0.40* -0.25 -0.14 -0.09 
Tractive force -0.15 -0.37* 0.07 0.11 -0.06 0.02 
Overall stability -0.77* -0.71 * -0.51 * -0.37* -0.15 -0.16 

sites of intermediate stability, with very stable and unstable sites having a similar 

degree of evenness. A similar trend was also evident for the two indices of species 

richness, although it was not as pronounced, and the very unstable sites had a 

lower diversity than the very stable sites. 

Correlation of species richness and evenness indices with physicochemical and 

biological variables also revealed two different patterns (Table 5.1). The two 

species richness indices were negatively correlated with most of the stability 
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Table 5.2. Results of a stepwise regression analysis of the number of species collected in each season 
at the study sites against 26 biological, physicochemical and stability measurements. Variables were 
added and removed from the model at a probability level of 0.05. 

Variable Parameter Partial Model 
entered estimate r2 r2 

SPRING 1 
Intercept 43.28 

Overall stability -12.82 0.75 0.75 
Mean conductivity 0.14 0.15 0.90 

SUMMER 
Intercept 54.41 

Overall stability -6.47 0.88 0.88 
Current velocity variation 0.29 0.05 0.93 
Spot stone movement -0.28 0.03 0.97 
Spot conductivity 0.10 0.02 0.98 
TotalPOM -8.99 0.01 0.993 
Mean depth -0.21 0.01 0.9988 
FinePOM -4.41 0.001 0.9998 

AUTUMN 
Intercept 61.37 

Overall stability -19.46 0.80 0.80 

WINTER 
Intercept 55.61 

Overall stability -19.52 0.81 0.81 

SPRING 2 
Intercept 57.62 

Epilithic carbon cone. 1.19 0.60 0.60 
Spot conductivity 0.10 0.16 0.77 
Mean stone movement -0.25 0.12 0.89 
TotalPOM -31.19 0.06 0.96 

ALL SEASONS COMBINED 
Intercept 40.45 

Overall stability -18.66 0.65 0.65 
Epilithic carbon cone. 0.31 0.07 0.72 
StonePOM 0.60 0.04 0.76 
Current variation 0.44 0.03 0.79 
Spot conductivity 0.06 0.02 0.81 
Spot current velocity -10.87 0.02 0.83 
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Table 5.3. Results of a stepwise regression analysis of the total numbers of individuals collected in 
each season at the study sites against 26 biological, physicochemical and stability measurements. 
Variables were added and removed from the model at a probability level of 0.05. 

Variable Parameter Partial Model 
entered estimate ~ ~ 

SPRING 1 
Intercept -1199.72 

Epilithic pigment conc. 1811.26 0.81 0.81 
Spot conductivity 16.37 0.07 0.89 

SUMMER 
Intercept 4233.07 

, Epilithic pigment conc. 2119.16 0.88 0.88 
CoarsePOM -3939.16 0.06 0.94 

AUTUMN 
Intercept 2663.02 

Epilithic pigment conc. 947.33 0.89 0.89 
Mean temperature range -326.92 0.07 0.96 

WINTER 
Intercept 24740.73 

Epilithic pigment conc. 687.01 0.90 0.90 
Spot pH -3307.70 0.07 0.97 

SPRING 2 
Intercept 35592.60 

Epilithic pigment conc. 922.88 0.85 0.85 
Mean pH -4800.76 0.08 0.92 

ALL SEASONS COMBINED 
Intercept 4195.46 

Epilithic pigment conc. 550.47 0.63 0.63 
Epilithic carbon conc. 177.67 0.11 0.74 
Mean conductivity -39.14 0.05 0.78 
Mean temperature range -232.34 0.03 0.81 

measures and several physical variables, including mean depth, current velocity 

and temperature, and positively correlated with several biological and chemical 

variables, including stone associated POM, conductivity and alkalinity. In con

trast, the two evenness measures were poorly correlated with all variables except 

stone associated POM, with which they were positively correlated. 
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Figure 5.8. Margalefs index (A), log series alpha index (B), Berger-Parker dominance index (C) and 
Simpson's index (D) as a function of overall stability. Plotted values are the averages over all seasons 
of the index scores recorded on each sampling date at a site ± 1 SE. Regression analysis was per
formed including seasonal comparisons to yield the equations: Margalefs index = 6.07 -1.44(stability 
score),,.z = 0.54 and log series alpha index = 8.75 -1.59(stability score),,.z = 0.22. The Berger-Parker 
dominance index and Simpson's index both had nonsignificant regressions cr = 0.08 and,2 = 0.07, 
respectively). 

Stepwise regression analysis of the indices was not particularly revealing. Sig

nificant predictors of each of the diversity indices were found to be inconsistent 

between seasons and many seasons had no significant predictors. Not even the 

single best predictor of each of the diversity indices was consistent between sea

sons. Multivariate regression models for the pooled data sets (Le., all seasons 

combined) are given in Table 5.4. For Margalefs index the best predictor was 

mean stone movement, with mean conductivity, tractive force and stone associ

ated POM also important (total r2 = 0.70). For the log series alpha index, mean 

depth was the best predictor, with mean conductivity also important (total 

r = 0.41). Both evenness indices had only one significant predictor, stone associ-



Chapter 5: Invertebrate Diversity 84 

Table 5.4. Results of a stepwise regression analysis of pooled seasonal measures of Margalefs index, 
the log series alpha index, the Berger-Parker dominance index and Simpson's index against 26 bio
logical, physicochemical and stability measurements. Variables were added and removed from the 
model at a probability level of 0.05. 

Variable Parameter Partial Model 
entered estimate r2 r2 

MARGALEF'S INDEX 
Intercept 4.13 

Mean stone movement -0.03 0.51 0.51 
Mean conductivity 0.01 0.11 0.61 
Tractive force 0.01 0.06 0.67 
Stone associated POM 0.04 0.03 0.70 

LOG SERIES ALPHA INDEX 
Intercept 7.63 

Mean depth -0.16 0.29 0.29 
Mean conductivity 0.03 0.12 0.41 

BERGER-PARKER DOMINANCE INDEX 
Intercept 2.51 

Stone associated POM 0.11 0.18 0.18 

SIMPSON'S INDEX 
Intercept 4.42 

Stone associated POM 0.25 0.22 0.22 

ated POM which accounted for 18% and 22% of the variation in the data for the 

Berger-Parker index and Simpson's index, respectively. 

The influence of stability on seasonal variation (Le., the coefficient of vari

ation for the five seasonal samples) also differed between the two index groups. 

For both Margalefs index and the log series alpha index, variation increased with 

a decrease in the overall stability of a site (Fig. 5.9) (F = 8.68, df = 1,9, P < 0.05, 

r2 = 0.49, and F = 4.63, df = 1,9, P < 0.05, r2 = 0.34 for Margalefs and the log 

series alpha indices, respectively) Seasonal variability in the two evenness indices 

were not related to the stability of the site, however (Fig. 5.9) (F = 0.004, df = 1,9, 

P > 0.05, r2 = 0.00, and F = 1.21, df = 1,9, P > 0.05, r2 = 0.12 for the Berger

Parker index and Simpson's index, respectively). 
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Figure 5.9. Coefficient of variation of Margalefs index (A), log series alphaindex (B), Berger-Parker 
dominance index (C) and Simpson's index (D) over the five seasons as a function of overall stability. 
Regression analyses for the Berger-Parker dominance index and Simpson's indexwere nonsignificant 
(r2 = 0.001 and r2 = 0.12, respectively), but those for Margalefs index and the log series alpha index 
yielded the equations: seasonal CV = 2.01 + 3.97(stability score), r2 = 0.49 and, seasonal CV = 3.35 
+ 4.22(stability score), r2 = 0.34, respectively. 

DISCUSSION 

In the present study, species number declined as overall stream stability de

creased, and of the 26 environmental variables examined, stability was the single 

best predictor of the number of species at a site. This is consistent with the results 

of Robinson & Minshall (1986) who found a decrease in species number on artifi

cial substrates with increasing frequency of disturbance. Boulton et at. (1988) also 

found that more severely disturbed substrates (acid scoured stones as opposed to 

brushed ones) took longer to regain pre-disturbance diversity levels. It is also 

consistent with the results of several studies of marine communities in which the 

greatest diversity occurred at the lowest level of disturbance (Lubchenco, 1978; 

Lubchenco & Gaines, 1981). In other experimental manipulations (Clifford, 
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1982; Doeg et at., 1989) and studies of flood events (Siegfried & Knight, 1977; 

Fisher et al., 1982; McElravy et al., 1989; Sagar, 1986; Scrimgeour & Winterbourn, 

1989) disturbances have also been found to lower species number, and it is plau

sible that frequent disturbances (at least those above a particular threshold) will 

lead to the maintenance of low species diversity. 

Lake et al. (1989), however, found that similar numbers of species recolonised 

disturbed patches whether they had been disturbed once or three times prior to 

monitoring community recovery. Although, it seems to me that time since the last 

disturbance will have a greater influence on species diversity than the number of 

disturbances a patch experiences per se. A rather confusing point as to whether 

increased disturbance frequency affects community composition by decreasing 

the time since the last disturbance (and therefore the time for recovery; as in the 

study by Robinson & Minshall (1986», or whether it is the number of distur

bances a patch experiences that affects community composition, independently of 

the time for recovery (as in Lake et al., 1989). Reice (1984, 1985) also found no 

impact of disturbance frequency or disturbance per se on species number or "di

versity" (i.e., H') in experimentally disturbed baskets of substrate, and concluded 

that all taxa were affected equally by the disturbance. 

It should be noted that most of the above mentioned studies either address the 

effects of disturbance frequency (e.g., Robinson & Minshall, 1986) or disturbance 

intensity (e.g., Boulton et at., 1989). In contrast, environmental stability was as

sessed in my study by changes in the environment not the frequency or intensity of 

disturbance events. For example, a large amount of substrate movement in any 

one month could have resulted from a single large disturbance, or from several 

smaller, but more frequent disturbances. Whether increases in frequency or in

tensity of disturbance have similar effects on stream biotas and how they may 

interact (e.g., with respect to the area affected by a disturbance) awaits investiga

tion. 

The strong linear relationship I found between species number and distur

bance intensity is not consistent with the intermediate disturbance hypothesis 

unless my most stable sites are considered to represent intermediate levels of 

disturbance in a broader perspective. I consider this unlikely however, as few 

running water habitats would be more stable than the upper reach of a spring-fed 

stream. Petraitis et at. (1989) in their theoretical review of diversity models sug

gested that the nature of the relationship between disturbance and diversity 

would depend on the balance between immigration and extinction rates as patch 

recolonisation proceeded following a disturbance. The scenario of the intermedi

ate disturbance hypothesis only eventuates if the extinction rate exceeds the 
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immigration rate as colonisation proceeds. If extinction and immigration rates 

form a dynamic equilibrium, or if both decrease to zero, then more stable patches 

will have greater diversity. What factors control immigration and extinction rates 

in stream habitats and how they interact to generate diversity patterns is an essen

tially unanswered question in stream ecology (but see Sheldon, 1984). 

Support for Huston's (1979) dynamic equilibrium model in my data is difficult 

to assess without any knowledge of whether competitive displacement could be 

occurring in any of the streams or whether the rate at which it is occurring differs 

among sites. I found a strong positive relationship between stability and 

periphyton biomass (and conceivably primary production), but whether competi

tion among invertebrates is affected by changes in productivity is unclear. More 

limiting resource levels may increase the effects of competition between inverte

brates, or alternatively high resource levels may provide disproportionately more 

resources for superior competitors and in this way enhance competitive exclusion 

(McGuinness, 1987). My data provide no suggestion that competitive exclusion 

was occurring, if it is assumed that immigration rates did not increase with time 

since disturbance, or if it was occurring then it was proceeding too slowly to reach 

completion, even at the most stable sites. 

The nature of the relationship between stability and species number remained 

remarkably constant over all seasons, despite the stability of some sites decreas

ing during winter and spring 2. This seemed to be because both stable and highly 

unstable sites maintained proportionally similar numbers of species. Whereas 

sites of intermediate stability exhibited a greater decrease in species number in 

the more unstable seasons. The fact that the biota of the most unstable streams 

did not appear to be affected by increased disturbances is rather surprising, as 

many of the disturbances were severe, and stream channels moved 20 m or more 

laterally in some flood events. It therefore suggests that the fauna is not only 

highly resilient (Le., able to recolonise effectively following a disturbance) but 

also fairly resistant (Le., able to survive during a disturbance) to conditions, per

ceived as harsh (some streams were in flood at the time of collection). Several 

authors have provided evidence of the ability of stream faunas to cope with distur

bances (e.g., Gray, 1981a; Reice, 1985; Sagar, 1986; Scrimgeour & Winterbourn, 

1989), but whether this is via resilience or resistance to flood events probably 

depends on the particular species involved. 

Total numbers of individuals showed a similar decline to species number with 

decreasing stability, however the closest correlations were with periphyton bio

mass at a site. This suggests that primary productivity of the stream bed, may be 

more important than stability in dictating the overall carrying capacity for inverte-
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brate communities, although productivity is also closely linked with stability (see 

Chapter 3). All of the above mentioned studies (see references cited above in 

relation to the diversity/disturbance debate) have shown reductions in inverte

brate densities with disturbances. Similarly, the two diversity measures of species 

richness showed a somewhat weaker linear decline in diversity with a decrease in 

stability. 
Species evenness or dominance, however, showed no linear relationship with 

stability, and evenness peaked at the sites of intermediate stability with the same 

level of dominance in both very stable and unstable sites. This suggests that 

Huston's (1979) dynamic equilibrium hypothesis may have some applicability in 

this situation. Competitive displacement may have been occurring at the very 

stable sites, but so slowly that exclusion of all individuals of a species does not 

reach completion. Alternatively, given the very patchy nature of stream environ

ments it may be that a particular species can be removed from many patches by 

competitive exclusion, but is able to survive in others, either because conditions 

ameliorate such competitive effects or simply by continual movement. Thus, al

though some successful competitors may become dominant in very stable envi

ronments they do not completely eliminate inferior species. A mathematical 

treatment of this idea has shown complete competitive exclusion can be pre

vented by habitat patchiness (Kishimoto, 1988, 1990). Consequently when viewed 

at the level of the patch, the dynamic equilibrium model may be applicable but it 

need not be when viewed at the level of the stream reach. 

In summary, it is apparent that a strong relationship· exists between environ

mental stability and diversity (both species richness and species evenness), how

ever the mechanism of its maintenance is difficult to assess. Stability may not only 

affect diversity directly but may also act through its interaction with other factors, 

e.g., habitat heterogeneity, productivity (periphyton biomass), or even periphyton 

diversity. Similarly the overall density of invertebrates at these sites is also inti

mately linked with stability and/or its effects on productivity. 



CHAPTER 6 

SPECIES-ABUNDANCE DISTRIBUTIONS 

INTRODUCTION 

Diversity can be a misleading concept because of the difficulty of assigning a 

single measure to a multidimensional parameter. The previous chapter is a good 

illustration of this difficulty, with differing effects of environmental stability on 

the two components of diversity, i.e., species richness and species evenness. Con

sequently, some workers (e.g., May, 1975, 1981; Southwood, 1978) have strongly 

advocated the use of the entire species-abundance distribution as providing the 

only sound basis for examining species diversity. 

The species in any given community will not all be equally represented; there 

will be some that are very common, some of intermediate abundance and the 

remainder represented by only a few individuals. The relationship between spe

cies number and the abundance of these species within the community is known 

as the species-abundance distribution. A number of models have been developed 

to describe observed patterns in these distributions. Some of them have their 

theoretical base in ecology, whereas others are fundamentally statistical models 

(Gray, 1987), and although the ecological mechanisms that generate these distri

butions are not always clear (Gray, 1987) they may be useful descriptors of a 

community in their own right (e.g., Gray et al., 1985). 

Models that have been applied to species-abundance distributions have been 

reviewed by Pielou (1975), May (1975), Engen (1978), Frontier (1985) and Ma

gurran (1988). The four most common are the geometric series (Motomura, 

1932), the broken-stick model (MacArthur, 1957), the log series distribution 

(Fisher et al., 1943) and the log normal distribution (Preston, 1948). Other mod

els that have also been applied are the Zipf-Mandelbrot model (Zipf, 1949; 

Mandelbrot, 1977) and the negative binomial (and gamma) distribution (Arrhe

nius, 1922; Gleason, 1922). However, they have been less widely used and will not 

be considered here. Tokeshi (1990) has recently applied a number of models 

based on random niche apportionment to epiphytic chironomid communities. 
The four principal models can be considered to represent a progression in 

community composition; ranging from the geometric series where a few species 
dominate and the remainder are fairly uncommon, through the log series and log 
normal distributions where species of intermediate abundance become more 
common, and finally to the broken stick model where species distribution is most 
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equitable (Magurran, 1988). Each of the models has a characteristic shape on a 
rank/abundance plot (Fig. 6.1) (Whittaker, 1977). If the abundance of a species 
in some way reflects the portion of niche space it occupies, then the models may 
also be considered to represent a gradient with one or a few species monopolizing 
a large proportion of the niche hyperspace at one end (geometric series), and re
sources being more evenly divided (broken stick model) at the other (Southwood, 
1978). 

The Geometric Series 

In this model the dominant species pre-empts proportion k of some limiting re
source, the second most dominant pre-empts the same proportion k of the re-
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Figure 6.1. Hypothetical rank abundance plots for the geometric series, log series, log normal and 
broken stick models showing their typical shapes. 
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mainder, the third species taking k of what is left and so on, until all species have 

been accommodated. This scenario often fits the situation where a single envi

ronmental resource is extremely important to species survival, and is utilized in a 

strongly hierarchical manner. If the abundances of species are proportional to 

the amount of resource that they utilize, then a geometric series (also known as 

the niche pre-emption model) of species abundances will result. The abundance 

of species ranked from most to least abundant is given by: 

ni = NCk(1-k)i-l (May, 1975; Motomura, 1932) 

where ni = the number of individuals in the ith species; 

N = the total number of individuals; 

Ck = [1-(1-k)S]-1 and 

S = the total number of species. 

The geometric series fits communities poor in species, such as those in early 

stages of succession (Whittaker, 1975), or those in extremely polluted environ

ments (Gray, 1981b) where dominance of one or a few species is high. As succes

sion proceeds, or conditions ameliorate, the species-abundance pattern will tend 

to grade into those of the log series distribution (e.g., Bazzaz, 1975) (Magurran, 

1988). 

The Log Series Distribution 

This model was developed by Fisher (Fisher et al., 1943) as a statistical distribu

tion describing the relationship between the number of species and the number of 

individuals associated with those species. Mathematically, it is closely related to 

the geometric series (May, 1975). If species arrive at an unsaturated habitat at 

regular time intervals and occupy fractions of the remaining niche hyperspace, a 

geometric series will be predicted to occur. On the other hand, if the intervals of 

arrival between species is random rather than regular, a log series distribution 

should result (Boswell & Patil, 1971; May, 1975). 

The log series distribution takes the form: 

s = axn 
n -

n 

where sn = the number of species predicted to have n individuals (Fisher et at., 
1943; Poole, 1974). 

The total number of species (S) can be obtained by summing these terms for 

all classes to yield the equation: 

S = a [-In(1-x)] 

x is estimated from the iterative solution of 

SjN = (1-x)jx[-ln(1-x)] 
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where N = the total number of individuals. 

The small number of dominant species and the large proportion of rare spe

cies predicted by this distribution, like the geometric series, suggests that it will be 

most applicable to communities in which one or a few environmental factors 

dominate. It has been found to fit a wide range of ecological data (see Williams 

(1964) for a summary). 

The Log Normal Distribution 

Most species-abundance patterns that have been investigated fit the log normal 

distribution (Sugihara, 1980). It was originally proposed by Preston (1948) who 

observed that the number of species represented by a single individual was not 

the most abundant frequency class in many data sets. He proposed a model 

where the number of individuals per species, when plotted on a geometric scale 

(he used log2) against the number of species would follow a normal distribution 

truncated to the left of the mode. The truncation point represented rare species 

that were present in the community but not collected during sampling. 

The distribution usually takes the form: 

S(R) = So exp(-a2R2) (May, 1975) 

where S(R) = the number of species in the Rth octave (i.e., class) to the right and 

left of the symmetrical curve; 

So = the number of species in the modal octave and 

a = (2a 2)1/2 = the inverse width of the distribution. 

Although this model appears to fit a large number of data sets, the ecological 

reason(s) for this is not clear, and at least four hypotheses have been put forward 

to explain it. 

The most common explanation is that the log normal distribution is the result 

of a wide range of environmental factors acting randomly on the community. 

According to the central limit theorem, the product of the effects of such a large 

number of random factors acting on individuals and species will be the log normal 

distribution (May, 1975). 

Pielou (1975) proposed a sequential breakage model to explain the log normal 

distribution. She envisaged the resource axis of a community being randomly and 

sequentially split, the result of a large number of such splits being a log normal 

distribution. Sugihara (1980) invoked a similar explanation to explain the canoni

cal log normal distribution, although in his model multidimensional niche space 

was sequentially apportioned, whereas Pielou considered only a single resource. 

Another explanation is that the log normal distribution results from the mixing 
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of a large number of species whose populations are each growing logarithmically 

(May, 1975), and one of the most recent hypothesis is that the log normal distribu

tion results from the summation of three underlying symmetrical distributions 

(Ugland & Gray, 1982). These are produced by groups ofrare species (represent

ing ~65% of the total), species with intermediate abundance (-25%) and very 

common species ( -10%). 

The Broken Stick Model 

The broken stick model proposed by MacArthur (1957), has the most equitable 

distribution amongst the constituent species of a community, and represents a 

situation where an environmental resource is divided more or less evenly amongst 

the species. MacArthur likened the subdivision of a community's resource axis to 

a stick that is broken randomly and simultaneously into S pieces (whereas in 

Pielou's model of the log normal distribution, the breakages are sequential). 

The number of individuals in the ith most abundant of S species (N) is given 

by: 
S 

Ni = N/S :E l/n (May, 1975) 
n = i 

where N = the total number of individuals and 

S = the total number of species. 

A few studies, principally those dealing with narrowly defined taxonomic 

groups, have demonstrated a fit to the broken stick model (e.g., some passerine 

birds (MacArthur, 1960), minnows and gastropods (King, 1964». 

Strictly speaking, the model predicts the expected abundance of the ith species 

in a community and not the actual abundance of that species (Pielou, 1975); a 

census of a single community can therefore never provide evidence for or against 

the model. It predicts the average species-abundance distribution over a number 

of communities (Pielou, 1975). The model is also unclear about whether re

sources are divided amongst species as a result of evolutionary adaptation to a 
particular resource range, or as a consequence of local competitive interactions 
(Gray, 1987) Many workers have therefore abandoned it as unrealistic (Gray, 
1987). However, a fit to the broken stick model still indicates that the species
abundance distribution is more even than it is if any of the other three distribu
tions are the best fit. 

Species-Abundance Distribution Models and Environmental Stability 

A considerable amount of evidence suggests that communities at an early stage of 
succession fit the geometric series, but that as succession proceeds they will de-
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velop through the log series and log normal distributions and eventually may re

turn to a geometric series at their climax (Whittaker, 1975). If disturbance can be 

seen as resetting the successional stage of a community it can be hypothesized 

that a similar pattern should emerge in communities occupying increasingly 

stable environments. 

However, some controversy has arisen recently over the ecological interpreta

tion of data that fit the log normal and log series distributions (Gray, 1987). May 

(1981) suggested that "equilibrium" communities often fit the log normal distribu

tion, and that when a community is disturbed the species distribution pattern re

verts to the less equitable log series distribution. For example, this appeared to 

have been the case for stream diatom communities subjected to organic pollution 

(Patrick, 1973). Shaw et at. (1983), Kempton & Taylor (1974), Lambshead & 

Platt (1985) and Hughes (1985) have argued however, that the log series distribu
tion fits data from undisturbed communities, and that the log normal fits commu

nities from disturbed habitats. Yet May (1975) has also maintained that any large 
assemblage of species influenced by a variety of random factors would follow the 
log normal distribution. 

An ecological interpretation of the log series distribution is similarly problem
atic. Thus, Stenseth (1979) suggested it should fit unstable communities (Le., 
those where population densities fluctuated), and Caswell (1976) considered it 
should apply to communities where biological interactions were not important. 
These ideas need not be mutually exclusive, and Gray (1987) contended that 
ecological interpretations could not be assessed because of a lack of definition of 

terms (e.g., "equilibrium" and "disturbance") employed in different studies. 

A number of studies of stream invertebrate communities have attempted to fit 
one or more of these species-abundance distributions to observed communities. 
Townsend et at. (1983) found that the rank/abundance distributions of 34 stream 
invertebrate communities exhibited a range of curves from the geometric series 

through to the broken stick distribution. These patterns did not appear to corre
spond to any of the environmental variables they measured, although one group 
of seven low pH stations did exhibit a consistent pattern of low equitability and 
high niche pre-emption constants. 

Shepard (1984) found that all the invertebrate communities at sites along 

eight Idaho streams were adequately described by the log series distribution. 

Bruns & Minshall (1983) found that the predaceous invertebrate communities of 
the Salmon River, Idaho did not fit the log normal distribution, whereas Minshall 
et at. (1985) found that communities at four sites on that river conformed more 
closely to the log normal distribution in summer than in autumn. They took this 

to indicate a swing from communities at "relative equilibrium" in summer, to ones 

at "relative nonequilibrium" in winter. 
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Most recently, Tokeshi (1990) contrasted five niche apportionment models 

(i.e., geometric series, dominance preemption, random fraction, MacArthur frac

tion and dominance decay) with two lacking conventional niche apportionment 

(i.e., random assortment and a combined niche apportionment and random as

sortment model) as descriptors of epiphytic chironomid communities. He found 

the random fraction and random assortment models fitted distributions based on 

numbers of individuals, whereas only the random assortment model fitted bio

mass data. Tokeshi concluded that these communities represented a dynamic 

system not structured by niche apportionment. 

Only two of the above studies appear to have addressed the question of 

whether or not the underlying species-abundance model which best describes a 

community is related to the streams physicochemical environment. The aim of 

the work discussed in this chapter was therefore to examine the influence of envi

ronmental stability on the species-abundance distribution at each of my study 

sites and whether or not the model which best describes that distribution was also 

related to stability. I predicted that the unstable sites would have less equitable 

species-abundance distributions, strongly dominated by one or two species, and 

that they would be modelled best by the geometric or log series. In contrast, the 

stable sites were predicted to have more even species distributions and would be 

modelled best by the log normal distribution, or perhaps even the broken stick 

model. 

MATERIALS AND METHODS 

Models were fitted to mean density data sets (Appendix I) grouped into 10g2 

classes, rather than the collected stone sample data sets (see Chapter 4). This was 

done to avoid modelling the sampling distribution rather than the underlying 

species-abundance distribution. Theoretical distributions were fitted to each 

data set using a Turbo BASIC program that I wrote (Appendix II). Estimates of x 

(from the log series distribution) and k (from the geometric series) were solved 

iteratively to an accuracy of six decimal places. A truncated log normal with the 

truncation point at 0.5, was fitted rather than a classical log normal. This was 
done to allow for rare species that are present in the community, but that are not 

collected in sampling because of their rarity (see Pielou, 1975). For all but the 
geometric series, model fit was assessed by comparing the expected class frequen
cies for each model with the observed frequencies using a chi-square test and the 

appropriate degrees of freedom. To test the geometric series fit, the number of 
individuals predicted for each species was compared with the observed number, 

again with a chi-square test. 
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RESULTS 

The fit of the models to each of the data sets is given in Table 6.1. Only two of the 

data sets were not fitted by one of the four tested models, and the majority (53 out 

of 66) were fitted by at least two of the models at the 5 % level. Models that fitted 
were predominantly the log series and the log normal distributions. All four 
models gave significant fits to three of the data sets, a situation that is not unusual 

Table 6.1. Probability values for comparisons of observed species-abundance distributions with four 
common species-abundance models as indicated by chi-square tests of goodness of fit. Sites are listed 
in order from least stable to most stable as measured by their multivariate stability scores (Chapter 
2). Given probabilities are those for rejection of the null hypothesis (i.e., that the two distributions 
are equal). Therefore when two models fit the same data set, the model with the higher probability 
would be more likely to have produced the observed difference by chance alone and can be consid
ered the best fit for the observed distribution (indicated by *). Model distributions were rejected if 
the probability of getting the observed difference by chance alone was less than 5% (indicated by - ). 

Site 

BRUCE 
STREAM 

KOWAI 
RIVER 

DRY 
STREAM 

WHITEWATER 
STREAM 

Spring 1 
Summer 
Autumn 

Geometric 
Series 

Winter 0.8* 
Spring 2 0.99* 
Pooled 

Spring 1 
Summer 
Autumn 
Winter 
Spring 2 
Pooled 

Spring 1 
Summer 
Autumn 
Winter 
Spring 2 
Pooled 

Spring 1 
Summer 
Autumn 
Winter 
Spring 2 
Pooled 

Table 6.1. (Continued on following page) 

Log 
Series 

0.3* 
0.95* 

0.3 
0.2 
0.3 

0.2 
0.3* 
0.2 

0.2 

0.5* 
0.7* 
0.8* 
0.5 
0.7 
0.98* 

0.9* 
0.7* 

0.7* 
0.5* 
0.9* 

Log Broken 
Normal Stick 

0.2 0.1 
0.8 0.1 
0.7* 
0.5 0.5 
0.2 0.1 
0.7* 

0.5* 

0.7* 
0.2* 
0.3* 

0.3 
0.1 
0.7 
0.9* 
0.9* 
0.7 

0.7 
0.5 

0.5 

0.8 
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Table 6.1. (Continued) 

CRAIGIEBURN Spring 1 0.2* 0.28 
CUTTING Summer 0.99* 0.9 
STREAM Autumn 0.95* 0.3 

Winter 0.5* 0.5* 
Spring 2 0.2 0.5 0.7* 0.2 
Pooled 0.8* 

GRASMERE Spring 1 0.2 0.3* 
STREAM Summer 0.2* 0.2* 

Autumn 0.98* 0.3 
Winter 0.9* 0.5 
Spring 2 0.5 0.7* 
Pooled 0.3 0.5* 

MIDDLE BUSH Spring 1 0.5 0.7* 
STREAM Summer 0.5 0.7* 0.5 

Autumn 0.5* 0.5* 
Winter 0.3 0.95* 0.2 
Spring 2 0.3 0.7* 0.7* 
Pooled 0.5* 

PORTER Spring 1 0.5 0.8* 
RIVER Summer 0.3 0.9* 

Autumn 0.7* 0.5 
Winter 0.3* 0.3* 
Spring 2 0.98* 0.5 
Pooled 0.7 0.8* 

LAKE Spring 1 0.1 * 
GRASMERE Summer 0.1 * 

Autumn 0.5 0.7* 
Winter 0.5 0.8* 
Spring 2 0.5 0.98* 
Pooled 0.7* 

CORA LYNN Spring 1 0.5* 0.3 
STREAM Summer 0.3 0.8* 

Autumn 0.2* 
Winter 0.8* 0.5 
Spring 2 0.2* 
Pooled 0.8* 0.1 

SLIP Spring 1 0.5* 0.2 
SPRING Summer 0.7* 0.1 

Autumn 0.3 0.7* 
Winter 0.7* 0.5 
Spring 2 0.7 0.9* 
Pooled 0.5* 0.1 
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for samples containing few species (Magurran, 1988) (all three sets had fewer 
than 15 species, the least of all the sets). 

Although most of the observed species-abundance distributions were fitted by 
more than one model at the 5% level of significance, when considered over a 
spectrum of probabilities one of the models could in general be distinguished as 
being a better fit than the others. This was confirmed by visual inspection of a 
plot of the observed class frequencies and the associated expected frequencies for 
each model. Those for the pooled data sets (i.e., all seasons combined) at each 
site are shown in Fig. 6.2. 
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Figure 6.2. (Continued on following page) 
Number of species as a function of the number 
of individuals per species grouped in log2 
classes (eg.l = 0-1,2 = 1-2,3 = 2-4, etc.) for 
the pooled data sets at each site. Sites are 
ordered from least stable to most stable. Both 
observed class frequencies (open bars) and 
expected frequencies for the log series (-), log 
normal (- - -) and broken stick (_._._) models 
are plotted. 
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Figure 6.2. (Continued) 

25~----------------------~ 

F. GRASMERE STREAM 

f'. 
. \ 

/ \ / . 
. \ 

20 

15 

10 

5 

O~~~~~~~+L-Y~~~~ 
o 2 4 6 8 10 12 14 

20~----------------------~ 

H. PORTER RIVER 

15 

10 

5 

/\ / . 
. \ / . 

. \ 
.I \ 

\ 

O~~~~~~~~~~~~~ 
o 2 4 6 8 10 12 14 

25r-------------------------. 
J. CORA LYNN /. 

. \ / . 
. \ / . 

. \ / . 
. \ 

\ 
O~~~~~~~+L_Y~~~~ 

o 2 4 6 8 10 12 14 

INDIVIDUALS PER SPECIES (IN OCTAVES) 

25~------------------------. 
G. MIDDLE BUSH 

20 

15 

10 

5 

(' . \ / . 
. \ / . 

. \ 
\ 

O~~~~~L-~~~~-L~~ 
o 2 4 6 8 10 12 

25T-------------------------. 

20 

15 

10 

5 

I. LAKE GRASMERE 

f\ / . 
. \ / . 

. \ 
/ \ 

O+L~~~-L~~~~~~~~ 
o 2 4 6 8 10 12 14 16 

25T-------------------------. 
K. SLIP SPRING 

20 

15 

10 

5 

.'\ / . 
. \ / . 

. \ / . 
. \ 

O+L~~qX~~~_Y~~~~~ 
o 2 4 6 8 10 12 14 16 

INDIVIDUALS PER SPCIES (IN OCTAVES) 

Only two site communities were modelled best by the same theoretical distri

bution in all seasons. The Lake Grasmere community was fitted best by the log 

normal distribution and the Whitewater Stream community was fitted best by the 

log series distribution. The other sites were fitted best by different models in dif

ferent seasons. 
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DISCUSSION 

At first glance my results appear to mirror the confusion that exists in the litera

ture, with different models fitting the same site at different times. In the only 

other study of this type to include seasonal comparisons, Minshall et al. (1985) 

also found a shift from a close fit to the log normal distribution in summer, to a 

weaker fit in autumn. They suggested that this may represent a shift from equilib

rium communities in summer to nonequilibrium communities in autumn; they did 

not however, test whether other models may have produced better fits in either 

season. During periods of stable flow, conditions are more likely to approach 

those necessary for "equilibrium" communities (or at least communities with 

more equitable distributions) to develop. It is probably not surprising therefore, 

that the form of the species-abundance distribution (as indicated by the model of 

best fit) changed as both the season and the stability of the sites changed. Bruce 

Stream for example, had a species-abundance distribution modelled best by the 

geometric series in winter. and spring 2 (the seasons with the most unstable condi

tions), by the log series in spring 1 and summer and by the log normal in autumn 

(one of the most stable seasons). 

However, what if seasonal effects (such as changes in stability) are removed; 

do the sites then have varying species-abundance distributions related to their 

overall stability? To throw some light on this it is possible to examine the fre

quency distributions for the pooled data sets (Fig. 6.2), in which seasonal effects 

should be evened out. 

Of the unstable sites, three (Dry Stream, Whitewater Stream and Craigieburn 

Cutting Stream) were modelled best by the log series distribution. Log plots of 

their relative abundances (Fig. 6.3) indicate that communities at these sites were 

strongly dominated (at least numerically) by a single taxon (Deleatidium). They 

contained a large number of rare species, but only a moderate number of species 

in the intermediate abundance classes (Fig. 6.2). 

Bruce Stream, the most unstable site, had the closest fit to the log normal dis

tribution according to the chi-square statistic. Some caution needs to be shown 

when considering results of the goodness of fit tests for these models however, 

because of the small number of classes involved. Thus, differences between the 

models can be a consequence of the way species are allocated between two or 

three classes (Magurran, 1988). Some investigators (e.g., Lambshead & Platt, 

1985; Hughes, 1986) have even rejected goodness of fit tests altogether in favour 

of graphical inspection. Although a combination of the two techniques seems 

most valuable for interpretation, and for Bruce Stream it appears that graphical 
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Figure 6.3. Mean relative abundance of the species collected at each site as a function of the rank of 
that species in the community. The most abundant species is on the left of the X-axis. 

inspection is the most enlightening. An examination of the frequency distribution 

and the associated predicted frequencies for Bruce Stream (Fig. 6.2),.reveals that 

the larger chi-square statistic for the log normal distribution was a result of a 

greater number of species in class two (1-2 individuals) than in class one (0-1 

individuals), a phenomenon that is likely to have been strongly influenced by 
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chance events. A moderate number of intermediate species were present and one 

very dominant species (Fig. 6.3). The pattern obtained is more similar to the log 

series than the log normal distribution, however, because the rare species were 

split fairly evenly between the first two classes the chi -square goodness of fit test is 

unable to detect this. Thus the species-abundance distribution at Bruce Stream 

also appears to be modelled best by the log series distribution. 

Kowai River had a species-abundance distribution that differed from that 

found at all other sites, and did not conform to any of the theoretical models. 

Most of its species were in abundance classes 3 (2-4 individuals) and 4 (4-8 indi

viduals) (Fig. 6.2) with numerical dominance shared relatively evenly by four 

species (Fig. 6.3) 

Four of the stable sites, Grasmere Stream, Middle Bush Stream, Porter River 

and Lake Grasmere were modelled best by the log normal distribution: Their 

frequency distributions (Fig. 6.2) were relatively uniform and similar numbers of 

species were found in the rare and intermediate abundance classes. Not surpris

ingly, their relative abundance plots were also fairly uniform and no one species 

predominated (Fig. 6.3). At the two most stable sites, Cora Lynn Stream and Slip 

Spring, the species-abundance distributions were again modelled best by the log 

series distribution. Both sites had a single very dominant species (Fig. 6.3) 

(Potamopyrgus antipodarum at Cora Lynn and Maoridiamesa harrisi at Slip 

Spring), and a large number of rare species. 

It seems therefore, that with the exception of Kowai River, the unstable sites 

exhibited similar species-abundance distributions, with a single very dominant 

species and a large number of relatively rare species, and that they were modelled 

best by the log series distribution. Communities in streams of intermediate stabil

ity had more uniform distributions with no species strongly dominant, and were 

modelled best by the log normal distribution, whereas the most stable streams 

like the most unstable ones were modelled best by the log series distribution, and 

like them had a single dominant species and a large number of rare species. 

This, not surprisingly, mirrors the response of the evenness diversity measures 

discussed in Chapter 5, the greatest evenness being recorded at the sites of inter

mediate stability. In that chapter I suggested that the high species number, but 

low evenness recorded at very stable sites may have been the result of competitive 

exclusion proceeding so slowly that it did not reach completion, or a consequence 

of inferior competitors being able to persist in refuge patches. Both these scenar

ios are contingent upon competitive dominance occurring in these stream com

munities, however, and although this has been demonstrated in a number of stud

ies (e.g., McAuliffe, 1984a, 1984b; Hart 1985; Hawkins & Furnish, 1987; Hem-
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phill, 1988; Dudley etal., 1990) it is unclear whether competitive dominance oc

curs widely in streams (Reice, 1985). The dominance ofMaoridiamesa harrisi and 

Potamopyrgus antipodarum may just as easily have been the result of high levels of 

oviposition or fecundity. 

It must also be remembered that competitive hierarchies need not necessarily 

be expressed in terms of numerical dominance, but may equally well equate with 

differences in biomass (not considered here). Nevertheless, it is interesting to 

note that despite large differences between biomass and densities of species in 

epiphytic chironomid communities, Tokeshi (1990) found that data based on both 

criteria were approximated best by his random assortment model. 

Irrespective of the underlying cause of the differences in the abundance of 

taxa it is still apparent that communities in unstable streams are modelled best by 

the log series, that those of intermediate stability are modelled best by the log 

normal distribution and those in very stable streams are again modelled best by 

the log series distribution. This also helps explain some of the large seasonal 

variation in model fits at each of the sites. Not only can communities shift from 

log series to log normal distributions as conditions become more stable but even

tually they may revert to the log series distribution if conditions become even 

more stable. 

This may help explain some of the conflicting statements in the literature. A 

log series distribution can describe an undisturbed community if one or two spe

cies are able to become dominant (for example, by competitive superiority), 

however, the log normal distribution is more likely to occur if none of the species 

can gain a strong numerical advantage. In contrast, the physically unfavourable 

nature of a disturbed environment for most species, usually appears to be advan

tageous to only a few species and the log series distribution results. 

Therefore, if physical conditions at a site are such that any species is advan

taged over others, either through competitive superiority or an ability to persist in 

the face of "harsh" physical conditions, a log series distribution will result. If, how

ever, no species in the community are strongly advantaged over others, a log nor

mal distribution should result. Furthermore, if conditions become extremely 

harsh the geometric series can be expected to be the best fit to the species-abun

dance distribution, as observed in Bruce Stream (the most unstable stream) fol

lowing two major physical disturbances. 



CHAPTER 7 

COMMUNITY STRUCTURE 

INTRODUCTION 

In the two preceding chapters I dealt with the effect of environmental stability on 

macroscopic properties of community structure, but did not address questions 

relating to whether or not stability influences the particular suite of species that 

occurs at a site. 

The influence of physicochemical factors on stream invertebrate communities 

has been a dominant theme of research in benthic ecology for many years (e.g., 

Macan, 1963; Hynes, 1970). With the advent of powerful multivariate statistical 

techniques (or more probably the development of computer packages to carry out 

such analyses) which are capable of searching for patterns in large data sets of 

both physicochemical and biological information, this line of research has shown 

no signs of abating. However, while the relationship between stream invertebrate 

community structure and associated physicochemical characteristics has received 

considerable attention (e.g., Townsend et al., 1983; Bunn et al., 1986; Moss et al., 

1987; Corkum, 1989 and references therein) the influence of stability or variabil

ity of the latter on invertebrate community structure has received comparatively 

little attention. Identification of any such relationships is difficult because most 

studies have been conducted over a wide range of streams, and any effects of en

vironmental stability per se on community structure can not be readily separated 

from other influences of physical and chemical factors. 

The effects of the physical and chemical environment on stream biota has also 

received considerable attention in studies of New Zealand stream communities. 

In fact Winterbourn et al. (1981) characterised New Zealand stream communities 

as being physically controlled, because of the overriding influence of New Zea

land's physiogeography (i.e., relatively short rivers with high sediment yields 

(Griffiths, 1979» and unpredictable climate. They contended that invertebrate 

communities in unmodified streams throughout New Zealand tended to have 
very similar faunas dominated by a widely distributed nucleus of thirteen genera 

and species. Rounick & Winterbourn (1982) provided some support for this con
tention, finding that the "core taxa" occurred at 43 forest streams throughout New 
Zealand despite large differences in the nature of their riparian vegetation. 

Graesser (1988), in a survey of 23 South Westland streams also found the 
"common core" of taxa and concluded that a number of physicochemical factors 
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were important in structuring these invertebrate communities although no one 

parameter was of overriding importance. Chadderton (1990) in a study of 80 

Stewart Island streams also found a common core of taxa, although the composi

tion of the core on Stewart Island differed somewhat from that on the mainland, 

particularly in the absence or rarity of the Conoesucidae, Notonemouridae and 

Megaloptera, probably because of the island's isolation. Nevertheless, he con

cluded that differences in the relative abundance of these and other species in 

Stewart Island streams were primarily a consequence of the interaction between 

geography, the presence of moss cover and several chemical parameters. 

In contrast to these studies, Winterbourn & Collier (1987) found that inverte

brate community structure in 34 West Coast streams was not closely linked with 

measured physicochemical factors but was more strongly influenced by the geo

graphic proximity of the streams. Although Collier et al. (1989) in a study of simi

lar streams, but encompassing a more extreme range of chemical characteristics 

(produced as a result of catchment modification), found that both extreme acidity 

and water temperature did influence benthic community structure. 

In a study of 88 moderate-small rivers, including many in modified catch

ments, Quinn & Hickey (1990a) found that the degree of catchment development 

(mediated through nutrient levels and periphyton biomass) was the single most 

important factor controlling invertebrate community structure. However, their 

analysis did not examine community structure at higher taxonomic levels, but was 

based on broad ordinal and/or functional feeding groups and this may have lead 

to some loss of discriminating power between their communities. Quinn & 

Hickey (1990b) also found that the structure of these communities was affected 

by flows greater than 20 x the median flow. Similarly, Jowett & Duncan (1990) 

found that invertebrate community structure of these same 88 rivers was weakly 

linked with flow variability, although this linkage was probably also a result of 

differences in the degree of modification of the streams. 

From these studies it can be concluded that when streams of radically differ

ent character are considered (i.e., modified versus unmodified, or highly acid 

versus circumneutral streams) then the nature of the physicochemical environ

ment (such as the degree of catchment development or streamwater pH) does 

influence invertebrate community structure. However, it also appears that in 

many New Zealand streams, encompassing a wide range of physical and chemical 

characteristics, a common core of taxa forms the basis of invertebrate communi

ties. More subtle differences between communities seem to be related to their 

geographic proximity and therefore the availability of colonists, and/or a variety 

of physical and chemical parameters. 
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While many of the above studies have implicated environmental stability as an 

important factor in structuring invertebrate communities, none has been specifi

cally designed to investigate the effect of stability on invertebrate community 

structure over a narrowly defined physicochemical range. In this chapter I con

sider the influence of environmental stability on invertebrate species composition 

at my eleven study sites. The streams all occur within close geographic proximity 

to each other and are relatively similar in terms of geomorphology, hydrology and 

water chemistry (see Chapter 2); they do however, differ in environmental 

stability. 

MATERIALS AND METHODS 

Data sets were analysed with multivariate ordination and classification tech

niques. Principal components analysis (using the PRINCOMP procedure of SAS 

(1985)) was used to identify gradients in community structure. Data were log 

transformed (In (x+ 1)) for this analysis. What environmental, biological or sta

bility characteristics these gradients correspond to was then assessed with step

wise regression and Pearson product moment correlation procedures of SAS 

(1985). Stepwise regression was carried out using the 26 biological, chemical, 

physical and stability measurements listed in Table 7.2. Spot measurements are 

those made at the time of collection or in the month prior to the collection of 

samples. The critical probability for addition and removal of variables to the 

model was set at 0.05. The same variables were used in the correlation analysis. 

Nonlinear ordinations commonly applied in stream ecology (e.g., DECORANA) 

were not deemed necessary because the underlying environmental gradients were 

relatively narrow (Noy-Meir & Whittaker, 1977) and because most sites had a 

number of species in common (Williamson, 1978). Although some analysis re

vealed a slight arching effect (see Fig. 7.2), detrending this arch would not have 

improved interpretation of the underlying gradient. 

Classification of site communities into distinct groups was carried out with 

cluster analysis (using the SAS CLUSTER procedure (SAS, 1985)). I used an 

average linkage clustering algorithm, and four distance measures to assess differ

ences in several components of these communities. For some distance measures 

this involved constructing a similarity matrix (using a Turbo BASIC program 

which I wrote) for input directly into the SAS CLUSTER procedure. The dis

tance measures were Euclidean distance (this examines differences in absolute 

densities); relative Euclidean distance (which examines differences in relative 

abundance); the Bray-Curtis dissimilarity index, a measure which emphasises the 
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proportions of species (and/or their density) shared between communities, and is 

deemed by many the most appropriate for ecological data (e.g., Beals, 1984; 
Ludwig & Reynolds, 1988), and finally the Euclidean distance of presence/ab

sence data. The quantitative distance measures were calculated on log trans

formed data (In (x+ 1». 

Both types of analyses were carried out on each of the seasonal samples sepa

rately, all seasons combined and the average for the five seasons. 

RESULTS 

The mean relative abundance of the five most abundant species at each site is 

shown in Table 7.1. The most notable feature of this table is that most of the 

species present in the top five at any given site were also found at many of the 

other sites, although not always in the top five. In fact, of the 185 species re

corded, only 56 (30 %) occurred at only one site, and most of these (17) were at 

Lake Grasmere. It is apparent therefore that many of the species collected at 

these sites can occur over the range of physicochemical characteristics recorded 

in these streams, although the relative and absolute abundances of these species 

differed between sites. 

Table 7.1. Mean relative abundance of the five most abundant species at each of the study sites. 
* indicates that the species was one of the ten most abundant species at that site and + indicates a 
species was present at that site. 

UNSTABLE STABLE 
Kowai Whitewater Dry Craigieburn Bruce Porter Slip Cora Middle Grasmere Lake 
River Stream Stream Cutting Stream River Spring Lynn Bush Stream Grasmere 

Stream Stream Stream 

+ + + 10.34 • · • 7.07 + + 
+ + + + 3.73 + + + • + • 

Potamopyrgus antipodarum + + + 11.69 41.31 + + 10.28 
Slavina sp. • • • 4.82 • • · • • + 26.06 
Eiseniella sp. + + + + • + + + 6.88 • + 
Chydoridae sp. + + + + + + + + 21.34 
Ostracoda sp. A + + + + + + 1550 + + 
Harpactacoid Copepoda + + + · + 10.97 351 + + + . 
Deleatidium sp. 2858 42.85 39.01 3656 47.86 11.63 · 7.78 9.88 · + 
Zelandcperla decorata + + + + 5.18 + + + 
Zelandobius furcillatus • + + + 4.09 + + + + + 
Spaniocerca zelandica 4.09 + • 
Austrosimulium alveolatum 10.72 • · • · + · + 
Maoridiamesa harris 6.42 11.91 4.88 + + 16.92 52.45 4.45 + 21.75 + 
Paucispinigera sp. + + · · + + + 9.41 + + 
?Rheocricotopus sp. 6.17 4.82 8.77 5.18 5.39 12.60 9.65 4.75 • 7.68 + 
Euldefferiella claripennis 21.27 6.24 10.36 + + 8.14 5.21 • + 7.84 + 
Eukiefferiella sp. B + + + + 12.28 
Cricotopus aukJandensis + • + + + + + + + 7.88 + 
Aoteapsyche colonica + + + + + + 8.45 
Pycnocentrodes sp. + + • + + • + 7.26 + + 
Pycnocentrodes aureola 6.94 
Beraeoptera roria + + 4.96 • + + + 
Notoaturinae sp. A • 5.13 + + + + + + · + + 
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Initial ordination of the sites, both for each season separately and for all sea

sons combined, separated the Lake Grasmere community from the other sites. 

Therefore, although it shared many taxa (65) with the other sites, its unique envi

ronmental conditions (a wave-washed lake shore) were sufficient to produce a 

distinctive community of invertebrates. 

To examine differences between the stream invertebrate communities the 

ordination was repeated with the Lake Grasmere community excluded. The first 

two axes of this ordination, carried out on the annual average for each site, ac

counted for 23.2% and 17.6% of the variation respectively, and divided the sites 

into three broadly overlapping groups (Fig. 7.1). These were the unstable sites, 

forest sites and open, stable streams. Cora Lynn Stream (the dark triangle) was 

somewhat intermediate between the open stable sites and the forest streams, and 

although an open stable site, it passed through thick matagouri scrub immediately 

above the study site and consequently shared a number of taxa with forest sites. 

Ordination of all the seasonal samples yielded the same general pattern (Fig. 

7.2), although the first two axes accounted for only 13.4% and 9.2% of the overall 

variation. The seasonal samples from the various sites appeared in general to be 
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Figure 7.1. Principal axis two as a function of principal axis one for invertebrate communities of the 
ten streams; data from all five seasons are averaged. Site symbols are Kowai River (0), Whitewater 
Stream (A), Dry Stream Co), Craigieburn Cutting Stream Cv), Bruce Stream C~), Porter River Co), 
Cora Lynn Stream CA), Middle Bush Stream C~), Grasmere Stream C+) and Slip Spring CII). Stable 
sites have filled symbols while unstable sites have open symbols. 
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Figure 7.2. Principal axis two as a function of principal axis one for invertebrate communities of the 
ten streams in five seasons. Three broad groups are apparent: open stable sites, unstable sites and 
forest sites. Symbols as for Fig. 7.1. 

more similar to themselves than to any of the other sites. Therefore, although a 

number of environmental characteristics (such as stability) changed seasonally at 

a site, the specific complex of environmental variables that exists at each particu

lar site, must in itself be an important factor dictating community structure. Ex

amination of differences between sites revealed that the unstable sites were more 

tightly grouped (i.e., more similar to each other) than were the stable sites, which 

suggests that their instability may constrain the degree to which the unique char

acteristics of a particular site can be expressed in its invertebrate community. 

Axis one was negatively correlated with a number of stability measurements 

(Table 7.2) and positively correlated with epilithic pigment and organic carbon 

concentrations (although these variables are also correlated with stability, see 

Chapter 3). In a stepwise multiple regression (Table 7.3) the bottom component 

of the Pfankuch stability score came out as the single best predictor of the axis 

score (r2 = 0.62), although a number of other variables were also important. The 

axis appears therefore to be related to stability, either directly or mediated 

through periphyton and organic carbon biomass. Axis two was negatively corre

lated with a large number of physicochemical and stability parameters (Table 

7.2), although in a stepwise regression analysis stone-associated particulate or

ganic material was the single best predictor (r2 = 0.57) (Table 7.3). This appears 
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Table 7.2. Correlation (r) of principal axis one, two and three with a number of biological, hydrological 
and chemical parameters. * indicates significant correlations at P = 0.05. 

Physicochemical/ Axis Axis Axis 
Biological one two three 
parameter 

BIOLOGICAL 
Epilithic pigment conc. 0.71 * 0.04 -0.18 
Epilithic carbon cone. 0.73* 0.15 0.30* 
CoarsePOM -0.25 0.48* 0.19 
FinePOM -0.16 0.42* 0.17 
TotalPOM -0.27 0.55* 0.19 
StonePOM 0.15 0.76* 0.18 

CHEMICAL 
Spot conductivity 0.04 0.18 0.34* 
Spot pH -0.05 0.21 0.27 
Mean conductivity -0.19 0.48* 0.43* 
Mean pH -0.36* 0.27 0.14 
Mean alkalinity 0.04 0.45 0.49 

PHYSICAL 
Spot current velocity -0.05 -0.42* -0.14 
Spot depth -0.14 -0.45* 0.14 
Spot temperature 0.17 -0.19 0.19 
Mean current velocity 0.04 -0.60* 0.08 
Mean depth -0.04 -0.60* 0.20 
Mean temperature -0.14 -0.62* 0.33 

STABILITY 
Spot temperature range -0.48* -0.37* 0.01 
Mean temperature range -0.69* -0.47* 0.09 
Current variation -0.18 -0.73* 0.01 
Depth variation -0.42* -0.38* -0.14 
Spot stone movement -0.48* -0.32* -0.24 
Mean stone movement -0.50* -0.35* -0.25 
Pfankuch bottom component -0.79* -0.19 -0.13 
Tractive force -0.08 -0.48* -0.58* 
Overall stability -0.59* -0.43* -0.14 

to reflect an ordination from open to forested sites along axis two. Axis three 

appeared to separate Grasmere Stream from the other sites (Fig. 7.3), and while 

some physicochemical factors are weakly associated with this (Table 7.2), it is 

more probably a consequence of the site being the only lake outflow. 

A particular suite of taxa was associated with each of the axes (and its associ

ated environmental variables) and are presented in Table 7.4. Axis one was posi-
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Table 7.3. Results of a stepwise regression analysis of principal axes one, two and three against 26 
. biological, physicochemical and stability measurements. Variables were.added and removed from 
the model at a probability level of 0.05. 

Variable Parameter Partial Model 
entered estimate r2 r2 

PRINCIPAL AXIS ONE 
Intercept 14.11 

Pfankuch bottom component -DAD 0.62 0.62 
Current variation 0.18 0.12 0.74 
Epilithic pigment conc. 0.30 0.08 0.82 
Epilithic carbon conc. 0.14 0.03 0.85 
Mean alkalinity -0.13 0.03 0.88 
Mean temperature range -0.37 0.02 0.90 
StonePOM 0.10 0.01 0.91 

PRINCIPAL AXIS TWO 
Intercept -5.30 

StonePOM 0.26 0.57 0.57 
Current variation -0.18 0.14 0.71 
Tractive force 0.05 0.10 0.81 
FinePOM 3.84 0.03 0.84 
Pfankuch bottom component 0.10 0.01 0.86 
Spot conductivity 0.01 0.01 0.87 

PRINCIPAL AXIS THREE 
Intercept 1.81 

Tractive force -0.12 0.33 0.33 
Mean conductivity 0.07 0.32 0.66 

tively associated with taxa commonly, or exclusively found in more stable streams, 
which were also streams that had the highest epilithic biomass. Axis two taxa 
were associated with forest streams, whereas the taxa associated with axis three 

essentially characterised Grasmere Stream. 

Analysis of patterns in community structure in each season, when examined 

separately, revealed similar trends to those observed for the annual means or 

combined data sets. However, the axes did not always correlate with the same 

environmental variables. 

The cluster dendrograms obtained with mean annual data using the four dif

ferent distance measures are plotted in Fig. 704. Each of the distance measures 

produced a slightly different grouping of sites, although they all showed the same 

overall trends. In fact three of the measures at an average distance between clus-
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Figure 7.3. Principal axis three as a function of principal axis one for invertebrate communities of the 
ten streams in five seasons. Symbols as for Fig. 7.1. 

ters of about one, had a pattern that was, with the exception of Bruce Stream in 

the Bray-Curtis dendrogram, identical. However, the analysis using the relative 

abundance distance measure, produced a somewhat different pattern to the other 

three, with a pattern that mirrored the overall stability of the sites more closely. 

Table 7.4. Taxa associated with each of three axes from a principal components analysis of community 
composition of my study sites. 

Axis 1 

Austrosimulium laticome 
early instar Hyrobiosidae 
Harpactacoid Copepoda 
Hudsonema aliena 
Hydrobiosis pammbripennis 
Hydridae sp. A 
Limnophora sp. A 
Maoridiamesa hanisi 
Orthocladiinae sp. B 
Hydrachenellae sp. A 
?Rheocricotopus sp. 
Oligo chaeta sp. 
Oxeythira albiceps 
Potamopyrgus antipodamm 
Tardigrada 
Rhabdocoela 

Axis 2 

Crista perla fimbria 
Empididae sp. B 
Ostracoda sp. A 
Hydrobiosella stenocerca 
Macropelopiini sp. 
Paucispinigera sp. 
Neppia montana 
Zelandopsyche ingens 
Philorethrius agilis 
Spaniocerca zelandica 
Stenoperla macllelani 
Orchymontia spinipennis 
Homolaena spatulata 

Axis 3 

Aoteapsyche colonica 
Aphrophilia neozelandica 
Chydoridae sp. 
Coloburiscus humeralis 
Cyclopoid Copepoda 
Elmidae sp. A 
Hudsonema amabilis 
Neurochorema confusum 
Olinga jeredayi 
Physa sp. 
Psilochorema nemorale 
Pycnocentria evecta 
Eiseniella tetraedra 
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All the unstable sites were grouped together, and the other sites were split into 

three groups of similar and increasing stability. They were Middle Bush, 

Grasmere Stream and Porter River (overall stability score = 0.59-0.83), Cora 

Lynn and Lake Grasmere (overall stability = 0.51-0.52) and Slip Spring (overall 

stability = 0.39). 
In the other three dendrograms, the four open unstable sites were also consis

tently grouped together, except that the Bray-Curtis measure isolated Bruce 

Stream, the most unstable site. Furthermore, as in the ordination analysis, the 
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Figure 7.4. (Continued on Jollowingpage) Clustering of the invertebrate communities of the study 
sites based on mean abundance data (five seasonal data sets averaged). All dendrograms are con
structed with the average linkage clustering algorithm. Distance measures used are Euclidean (A), 
relative Euclidean (B), Bray-Curtis (C) and presence/absence Euclidean (D). 
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Figure 7.4. (Continued) 
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two forest sites, Middle Bush and Craigieburn Cutting, were grouped together 

with all three measures. On the basis of absolute densities (i.e., Euclidean dis

tance) the two forest sites were also closely linked with the open unstable sites. 

All of these sites shared comparatively low densities, although species composi

tion differed somewhat so that the distance measures that emphasised community 

composition (e.g., presence/absence) grouped the forest sites separately from the 

rest. Lake Grasmere was separated from most of the other sites either as an out

lier or in an outlying group, and Grasmere Stream was also isolated but with vary-
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ing distance from the other site groups depending on the distance measure used. 

Porter River, Slip Spring and Cora Lynn, all open stable sites, were also consis

tently grouped together. 

Analysis carried out with data for each of the seasons separately, produced 

similar but not identical results to those recorded above. Analysis of all the sea

sonal samples together (using relative Euclidean distance) produced five distinct 

groups. The first three of these consisted of the five seasonal samples from Lake 

Grasmere, Cora Lynn and Slip Spring, respectively. They were the three most 

stable sites and it appears that each is more similar to itself, than to any other site 

at all times. The other two groups were respectively, all the unstable sites, and the 

three remaining stable sites (Porter River, Middle Bush and Grasmere Stream), 

although four samples from the former group were clustered with the latter. 

Within each of these groups the seasonal samples taken from a particular site did 

not always cluster closest to each other, and nor were seasonal samples consis

tently grouped. It appears therefore that at the unstable sites, Porter River, 

Middle Bush and Grasmere Stream neither season nor the intrinsic nature of the 

site, was underlying the similarity of their communities. 

DISCUSSION 

The "common core" of invertebrate taxa found in streams in a number of other 

New Zealand studies (e.g., Rounick & Winterbourn, 1982; Graesser, 1988; Quinn 

& Hickey, 1990a) were also present in the Waimakariri River Basin streams, al

though they were not always the dominant community members. Many inverte

brates, particularly the more common species, were collected at several if not all 

the sites; however, their relative abundance and density differed among sites. 

This is consistent with the findings of several other workers, that many New Zea

land benthic invertebrate species are present over a wide range of physicochemi

cal conditions and wide geographic area (e.g., Quinn & Hickey, 1990a) but that 

their relative abundances are controlled by one or more underlying factors, such 

as stability. Many New Zealand stream invertebrates appear to have generalised 

feeding habits, broad habitat requirements and rapid colonising abilities (Cowie, 

1985; Winterbourn, 1986), and the physicochemical nature of a stream conse

quently places little or no constraint upon their ability to colonise, but does ap

pear to affect their relative success (i.e., how many individuals of each taxon colo

nise a particular stream and how long they remain there). 

Two factors seem to be approximately equally important in determining ob

served differences in the density and relative abundance of taxa among my study 
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sites. The first of these was environmental stability, and all the unstable sites had 

similar faunas dominated by Deleatidium sp., Slavina sp., Austrosimulium alveola

tum and three species of chironomid. Although these taxa were also present at 

many of the stable sites, communities at the latter were generally dominated by 

other taxa. Even Craigieburn Cutting (the unstable forest site), despite having a 

fauna similar to that of Middle Bush (the other forest site), tended to have taxa 

and densities more similar to those at the other unstable sites (although the exact 

nature of this relationship seemed to fluctuate with the seasons (and presumably 

stability». The taxa present at the unstable sites probably reflect those that are 

little affected by physical disturbances or that can recolonise rapidly following a 

disturbance, and have been recorded in other studies as taxa that are both resil

ient and persistent in the face of flooding (Sagar, 1986; Scrimgeour et at., 1988; 

Scrimgeour & Winterbourn, 1989). 

Differences in the communities of stable sites were far greater than those 

observed between unstable sites, and this reflects the other important factor influ

encing community structure; namely, the specific nature of the site (i.e., open, 

forested, lake outlet, lake shore). This factor had a pronounced effect on commu

nity structure at the stable sites, such that differences in communities between 

sites were as large as differences between each of them and the group of unstable 

sites. However, the effect of site-specific influences seemed to be restricted to the 

presence or absence of particular taxa and/or their densities, whereas differences 

in the relative abundance of species appeared to be more closely linked to stabil

ity than to the intrinsic nature of the stream. 

Therefore in summary, over the narrow physicochemical and geographic 

range of the study sites, stability seemed to be the primary force structuring ben

thic invertebrate communities. Thus, if environmental conditions are highly un

stable, a particular suite of species well adapted to surviving such conditions will 

be found. However, if conditions are relatively stable, these species, although still 

present, are no longer the dominant community members. The particular suite of 

species that becomes dominant will in turn be dictated by the specific nature of 

the stream, that is, whether it is forested or open, a lake shore or a lake outlet. 



CHAPTERS 

COMMUNITY STABILITY: PERSISTENCE 

INTRODUCTION 

The relationship between structure and stability in communities has been a cen

tral theme in ecology since it was introduced by Elton and MacArthur in the 1950s 

and 60s (MacArthur, 1955; Elton, 1958). Since that time, the topic has received 

considerable attention from theoretical ecologists (for reviews see May, 1981; 

Pimm, 1982; Chesson, 1986; Chesson & Case, 1986), but very little empirical data 

appear to have been collected about the stability of real communities (Hildrew & 

Townsend, 1987; Townsend et ai., 1987). 

The accomplishment of such studies is, however, complicated by the multitude 

of parameters associated with the concept of stability (for reviews see Harrison, 

1979; Connell & Sousa, 1983). "Persistence" has been used by many to describe 

the ability of a system to remain in a relatively constant state over time (Lewontin, 

1969; Holling, 1973; Webster et al., 1975; Harrison, 1979; Grossman, 1982; Lake 

& Barmuta, 1986). Persistence may be maintained in a community by a lack of 

any disturbing influence, or conversely by either of the other two parameters 

commonly associated with stability. These are "resistance", the ability of a com

munity to resist or remain unchanged by a disturbance (Webster et ai., 1975; Har

rison, 1979; Connell & Sousa, 1983; Lake & Barmuta, 1986), and "resilience", the 

ability of a community to return to its original state following a disturbance 

(Webster et ai., 1975; Harrison, 1979; Grossman, 1982; Connell & Sousa, 1983; 

Lake & Barmuta, 1986). 

Grossman (1982) suggested that the stability of the environment would affect 

the processes controlling community structure and that this in turn would affect 

community persistence. Communities in constant or regularly fluctuating habi

tats should be regulated by deterministic (or equilibrium) processes (e.g., compe

tition and predation) and have a highly predictable structure (i.e., high persis

tence) (Harrison, 1979; Sousa, 1979; Grossman, 1982). In contrast, communities 

in highly unpredictable environments should be more strongly influenced by sto

chastic processes. In other words assemblage structure will be determined largely 
by unpredictable environmental changes, rather than through biological interac
tions, although the latter may still occur (Sale, 1977, 1980b). Assemblage struc
ture in unpredictable environments will consequently be unpredictable and have 
low persistence (Grossman, 1982). 
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Grossman (1982) concluded that the structure of fish communities in interti

dal rock pools was consistent with a deterministic model of community organisa

tion. He found that fish communities were highly persistent in time, despite his 

constant removal of fish from the rock pools. As he considered that deterministic 

communities are characteristic of constant or regularly fluctuating habitats, the 

removal of fish in this case presumably represented a "regular" disturbance. 

Townsend et at. (1987) and Lake & Barmuta (1986), in contrast, claimed that 

communities which persist in variable environments may be controlled more by 

deterministic processes than do those whose structures change markedly. As 

communities can persist in the face of disturbances through possessing high resis

tance or resilience, it does not necessarily follow that communities in randomly 

fluctuating environments have low persistence. 

In the last chapter, I examined the influence of environmental stability on the 

composition of invertebrate communities at my study sites (i.e., what particular 

species were present). In this chapter I consider the effect of environmental sta

bility on the persistence of those communities, and in particular whether commu

nities in the unstable streams exhibit a similar degree of constancy to those in the 

stable streams. 

MATERIALS AND METHODS 

The seasonal constancy of three components of the benthic invertebrate commu

nities collected at each of the sites (Appendix I) was examined (i.e., samples col

lected in each of the seasons at one site were compared). 

Assemblage structure (i.e., presence/absence of species) was examined with 

Cochran's Q test (Cochran, 1950). This test compares the observed variance in 

total numbers of taxa among seasons with the variance expected if taxa are ran

domly distributed among seasons, when the data are in the form of dichotomized 

ordinal information, i.e., a taxon is either present or absent (Pridmore, 1985). 

The degree of constancy of invertebrate densities was assessed with Kendall's 

coefficient of concordance (W) (Siegel, 1956). This is a non-parametric technique 

of multiple rank correlation, and therefore the constancy of densities per se was 

not examined, instead the constancy of the rank position of a particular taxon in 

terms of its density was compared between seasons. Analysis was carried out us

ing both the ten most abundant taxa at each site, and all common taxa (defined as 

those with densities greater than 1% of the total). Changes in actual densities 

were assessed by calculating the Euclidean distance between each pair of con

secutive seasonal samples. 
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Changes in relative abundance were analyzed by measuring multivariate dis

tances between consecutive seasons. Bray-Curtis (Bray & Curtis, 1957), relative 

Euclidean and chord distance (Pielou, 1984) measures were used. All three es

sentially examine the similarity of relative abundances in multivariate data sets 

and have been recommended as suitable for use with ecological data sets in a 

number of reviews (e.g., Beals, 1984; Ludwig & Reynolds, 1988). 

RESULTS 

Results of the Cochran's Q test are given in Table 8.1. All but one unstable site 

(Kowai River) had significantly different faunal assemblages across the five sea

sonal samples, whereas four of the six stable sites did not exhibit significant 

changes in species presence/absence. The significant change in species pres

ence/absence at Slip Spring could be attributed to the first spring sample, which 

was taken 20 weeks after a severe disturbance from cattle grazing (see Appendix 

III); removal of this sample yielded a Cochran Q value of 5.74 (P > 0.05), indicat

ing that communities may have not fully recovered. The only other stable site to 

exhibit a significant seasonal change in faunal assemblage was Cora Lynn, and 

this change could also be attributed to a disturbance event. Although normally a 

very stable site with relatively constant flow, it received water from a previously 

dry waterfall during a period of "unusually" high rainfall (this rainfall resulted in 

Table 8.1. Numbers of taxa and test statistics for Cochran's Q test, Kendall's coefficient of concor
dance for the ten most abundant taxa and for all common taxa (i.e., those with relative abundances 
greater than 1% of the total). Significant statistics (i.e., P < 0.05) are indicated by *. 

SITES Number CochranQ Number Kendall's W Number Kendall's W 
of taxa test of taxa for the of taxa for 

top ten taxa common taxE 

UNSTABLE 
KowaiRiver 62 2.46 20 0.55* 24 0.56* 
Whitewater Stream 58 30.82* 18 0.46* 21 0.51* 
Dry Stream 69 18.01* 23 0.46* 23 0.46* 
Craigieburn Cutting 

Stream 71 36.16* 24 0.38* 30 0.42* 
Bruce Stream 43 18.19* 27 0.36* 27 0.34* 

STABLE 

Porter River 77 9.25 17 0.62* 22 0.67* 
Slip Spring 74 17.83* 13 0.66* 13 0.66* 
Cora Lynn Stream 92 38.76* 22 0.51* 26 0.52 
Middle Bush Stream 82 6.35 17 0.46* 29 0.64* 
Grasmere Stream 80 3.91 21 0.53* 27 0.57* 
Lake Grasmere 82 1.68 19 0.65* 18 0.67* 
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the flooding of Greymouth), which led to a marked increase in its discharge. This 

flow increase occurred prior to taking the last two samples, and removal of them 

from the analysis yielded a non significant Q value (Q = 4.54, P > 0.05). 

Kendall's coefficient of concordance values for the top ten taxa at each site, 

and all common taxa, are listed in Table 8.1. All values were significant 

(P < 0.05) indicating that species ranks did not change significantly across the 

seasons. However, values for both sets of taxa decreased (indicating communities 

were less strongly correlated) as the stability of the site decreased (Fig. 8.1). This 

relationship was significant for the common taxa (F = 8.64, df = 1,9, P < 0.05, 
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Figure 8.1. Kendall's coefficients of concordance (TV) for A) the ten most abundant taxa and B) the 
common taxa as a function of overall stability (multivariate stability score). The equation for A) 
(excluding Kowai River and Bruce Stream) is W = 0.72 - 0.26(stability score),,2 = 0.57 and for B) 
W = 0.67 - 0.13(stability score),,2 = 0.49. 
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,2 = 0.49), but was only significant for the top ten taxa if Kowai River and Bruce 

Stream (the two most unstable sites) were not included (F = 9.40, df = 1,7, 

P < 0.05, r2 = 0.57). 

Euclidean distances between seasonal samples actually decreased (Fig. 8.2) as 

stability of the sites declined (F = 21.66, df = 1,39, P < 0.05,,2 = 0.42). However, 

although absolute changes in densities were higher at the more stable sites, this 

may have been because they had higher densities and consequently would have 

experienced larger absolute changes in animal numbers. The proportionate 

change in total density (as expressed by the coefficient of variation; see Chapter 

5) increased as the sites became less stable. 

Mean values for Bray-Curtis distance measures between consecutive seasons 

are plotted against stream stability in Fig. 8.3. They increased significantly (indi

cating larger seasonal changes) as the stability of the sites decreased (F = 10.47, 

df = 1,39, P < 0.05,,2 = 0.32). Relative Euclidean and chord distances showed 

similar, but weaker trends. 
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Figure 8.2. Average Euclidean distance between communities collected at each site in five consecutive 
seasons as a function of overall stability. Plotted values are averages ± 1 SE for the four seasonal 
comparisons. Regression analysis was performed on the entire data set to yield the equation, 
loglO(Euclidean distance) = 3.14 - 0.59(stability score),,2 = 0.42. 
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Figure 8.3. Average Bray-Curtis distance between communities collected at each site in five consecu
tive seasons as a function of overall stability. Plotted values are averages ± 1 SE for the four seasonal 
comparisons. Regression analysis was performed on the entire data set to yield, Bray-Curtis distance 
= 0.43 + 0.13(stability score),,2 = 0.32. 

DISCUSSION 

My analyses indicate that stable sites geIj.erally have more persistent communities 

than do unstable sites. However, this is not necessarily so and it depends on just 

what aspect of a community one is examining. Rank abundances of common or 

dominant taxa showed no significant change across seasons at any of my sites, 

although there was a tendency for ranks at more stable sites to be more strongly 

correlated. This is consistent with the findings of Meffe & Minckley (1986) and 

Graesser (1988) who both found that rank abundance of common taxa in the in

vertebrate communities of a Sonoran Desert stream and four New Zealand West 

Coast streams respectively, was persistent over time. As both these studies were 

conducted in streams that could tentatively be classified as "unstable", it appears 

that neither life cycle changes nor disturbances lead to marked changes in the 

rank abundances of common taxa in any of these streams. 

On the other hand, Townsend et al. (1987) found that species composition and 

relative abundance of the major species of invertebrates in 27 English streams 

differed markedly in two surveys made eight years apart. Connell & Sousa (1983) 

have argued that persistence can only be assessed when consecutive samplings are 
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far enough apart in time for populations to have turned over completely. The 

different time scales considered in the above studies (an 8 year interval c.f. < 1 

year intervals) may account for the differences in conclusions. However, all of the 

studies encompassed time spans that would have allowed at least one generation 

of invertebrates to have matured and another to have appeared. 

Although absolute changes in population sizes were greater at the more stable 

sites, this would be expected by chance simply because the population sizes were 

also greater. Both the proportionate changes in densities and the seasonal change 

in relative abundances were greater at the less stable sites. Therefore, given the 

difference in population sizes between stable and unstable sites, the variation in 

population size at the unstable sites would appear to be greater. 

Analysis of species composition, where equal weight was given to rare and 

common taxa, revealed that most of the stable sites had highly persistent species 

composition, whereas unstable sites did not. Although they found a generally low 

level of persistence in their English streams, Townsend et al. (1987) did find 

higher persistence of species in streams with low discharge, cool temperatures 

and low, stable pH; my findings of higher persistence in environmentally stable 

sites, is at least consistent with this. Thus, it appears that the local extinction of 

rare species is more likely where the stream environment is relatively more 

changeable. 

In summary then, it appears that the persistence of common taxa at all sites 

was generally high, although there was a trend for it to be higher at the more 

stable sites. However, relative abundance of species populations was more vari

able at the less stable sites, and persistence of the entire fauna (both rare and 

common species) was high only at the stable sites. 



CHAPTER 9 

COMMUNITY STABILITY: RESILIENCE 

INTRODUCTION 

In the last chapter I found that persistence, at least of the more common taxa, was 

relatively high at all study sites, although overall it was higher in the communities 

at the more stable sites. Persistence of communities at the stable sites can be 

easily explained, for provided biotic interactions are at or near equilibrium (e.g., 

species are not becoming extinct because of exclusion by competitive dominants) 

there are no external forces (such as flood events) that could lead to the extinction 

of species. However, this is not so for the unstable sites as many are constantly 

experiencing highly fluctuating discharges with associated disturbance of the sub

strata. 

Persistence of communities in these unstable habitats can be attributed to one 

of two factors, either resistance to disturbance, or resilience following distur

bance. Numerous studies (Siegfried & Knight, 1977; Fisher et al., 1982; McElravy 

et al., 1989; Sagar, 1986; Scrimgeour & Winterbourn, 1989) have shown that flood 

events result in a reduction of both density and diversity of invertebrate communi

ties, but that they recover quickly following the disturbance. It seems then that as 

a general rule stream invertebrate communities recover from, rather than resist 

disturbances to their environment. 

While stream ecologists seem to have been content with recording that stream 

invertebrate communities are affected by flood events and that they recover from 

these floods relatively quickly, the "rest" of ecology has been embroiled in a de

bate for the past forty years about what, if any, characteristics of a community 

(particularly its complexity) give it the ability to resist or recover from any such 

disturbance it may experience. 

The "traditional" view of Elton (1958) and MacArthur (1955), held during the 

1950s and 1960s, was that more complex communities were more stable. Elton's 

argument was based on a number of empirical and theoretical observations; 
namely, that island faunas are more vulnerable to invasion from introduced spe

cies than are their continental counterparts, crop mono cultures are particularly 
vulnerable to pest outbreaks, species-rich tropical communities are not known for 
large population fluctuations, simple laboratory communities are difficult to 
maintain, and mathematical models of interactions between two species are in
herently unstable. MacArthur (1955) also suggested that the more possible en-
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ergy pathways in a community (i.e., the more complex they are) the less likely 

were the densities of the constituent species to fluctuate in response to changes in 

the densities of other species. However, these ideas now appear to have been 

largely discredited as a basis for believing that more complex communities should 

be more stable (Begon et at., 1990). 
During the 1970s, this "traditional" view was challenged by the use of mathe

matical models and stability analysis of theoretically derived systems (for a review 

see May, 1981). Surprisingly perhaps, the results of this work suggested that the 

converse viewpoint was more likely, that is, more complex communities were less 

stable than simple ones (Gardner & Ashby, 1970; May, 1972, 1973). Many of 

these mathematical studies were based on models of Liapunov functions! which 

examine the local stability of matrices (in ecological applications the matrix is 

known as the community matrix); local stability being defined as the tendency of a 

system to return to its original state following a small disturbance. Local stability 

can be assessed by examining the eigenvalues2 of the matrix. If they fall within 

certain constraints (these.depend on the underlying structure of the matrix), the 

matrix will be stable (Le., return to its original state following a small distur

bance), otherwise the system will be unstable and move to another point in 

mathematical hyperspace following any small disturbance. However, the situ

ation changes if global (Le., stability in the face oflarge disturbances) rather than 

local stability is considered. For example, Pimm (1979a) modelled the removal of 

a species from a community and examined the effect of this on the stability of the 

community. He found that stability actually increased with increasing complexity 

but only if basal species (Le., those at the bottom of the food chain) were re

moved; it decreased if top predators were removed. Similarly, stability may be 
unaffected or may increase with complexity if the system being considered is a 
"donor-controlled" system (Le., the food supply influences the consumer popula
tion but is not itself affected by the consumers) (DeAngelis, 1975). Finally, Pimm 
(1979b) found that if only communities with a stable structure are considered, 
then resilience will also increase with an increase in complexity. 

While mathematical and theoretical studies of community stability and com

plexity have been prolific, there appear to be have been very few comparable, 

1. Liapunov (1907) devised a method for examining the stability of a system of differential equations, 
without needing to solve the equations. This involved examining the trajectory of a function describing 
the system of equations, such that a function with a trajectory that spirals towards zero is stable. 
Functions with this property are known as Liapunov functions (see Barnett & Storey, 1970). , 

2. An eigenvalue is a property of all square matrices (i.e., the number of columns = the number of 
rows) such that A.x = lamba.x, where A is an n by n matrix, lambda is an eigenValue and x is its cor
responding eigenvector. Thus if a matrix A can be factorised into two matrices (i.e., A == B . C) so that 
one contains all zeros except on the diagonal, the diagonal entries are the eigenvalues and the columns 
of the other matrix are their corresponding eigenvectors. 
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empirical studies on real communities. May's (1972) original work involved ex

amining the effect of three components of complexity (S (the number of species), 

C (the proportion of species interactions to possible interactions) and i (the aver

age strength of these interactions», on community stability. He found that com

munities would only be stable if i(SC)1/2 < 1, and much subsequent empirical 

work has centred around investigating the applicability of this inequality to real 

communities. In a number of studies (McNaughton, 1978; Rejmanek & Stary, 

1979; Yodzis, 1980; Pimm, 1982; Briand, 1983; Cohen et at., 1985) it has been 

found that Sand C are inversely related (a requirement for stability if interaction 

strength remains constant), although Bruns et at. (1982), Bruns & Minshall (1983) 

and Winemiller (1989) have found the opposite for filter feeding invertebrates, 

predatory invertebrate communities and tropical stream fish, respectively. 

As the mathematical modelling studies (e.g., Gardner & Ashby, 1970; May, 

1972, 1973) indicate that less complex communities will have greater resilience 

(Le., be more stable) then for a given number of species, connectance should be 

lower in more unstable habitats. There is some support for this (Briand, 1983; 

Cohen et at., 1985) although the assessment of environmental stability in these 

studies was very subjective (Lawton, 1989). 

Several workers have also constructed community matrices and examined the 

eigenvalues of these matrices to determine if the communities would in theory, be 

able to recover from a small disturbance. Lawlor (1980a) examined empirical 

data on bird (Cody, 1974) and lizard (Pianka, 1967) assemblages, and found that 

resilience (measured as the minimum eigenvalue of the community matrix) was 

inversely related to species richness, although it was consistently higher than that 

in analogous random communities. Similarly, Bruns et at. (1982) and Bruns & 

Minshall (1983) found that lotic filter feeding, grazing and predatory invertebrate 

communities exhibited inverse relationships between resilience and species rich

ness. 

Community matrices are composed of elements that represent the effect of 

each species on each other species in the community. Entries may be zero (no 

effect), negative (e.g., competitive) or positive (e.g., mutualistic). Often the ma

trices are constructed on the basis of competitive interactions and consequently 

their elements are frequently termed competition coefficients. Several of the 

studies mentioned above (e.g., Bruns et at., 1982; Bruns & Minshall, 1983) and 

others (e.g., Levins, 1968; MacArthur, 1968; Levins et at., 1973; Culver, 1974) 

have evaluated these competition coefficients by examining resource overlap. 

The link between resource overlap and competitive interaction is rather tenuous 

however, and although several techniques for relating the two have emerged (e.g., 
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MacArthur & Levins, 1967; Schoener, 1974; Crowell & Pimm, 1976), there does 

not appear to be any "perfect" substitute for examining population interactions 

experimentally (Rosenzweig et al., 1985). While it may be possible to determine 

interaction terms experimentally for small communities, and has been accom

plished successfully for both water-filled Heliconia bract-insect communities 

(Seifert & Seifert, 1976) and simple planktonic communities (Levitan, 1987), it 

rapidly becomes impractical as the community becomes larger. It also becomes 

increasingly difficult to evaluate secondary effects of other species on those inter

actions (e.g., species A keeps the population of species B so low that it does not 

affect species C which otherwise it would do). Thus, although construction of 

community matrices using resource overlap data is by no means the perfect solu

tion, it does at least serve as an approximation, albeit a rough one, for examining 

the question of community stability (Lawlor, 1980a; Bruns & Minshall, 1983; 

Pimm, 1985). 

In this chapter, I consider the resilience of community matrices constructed 

for samples collected at each of my study sites, by examining their eigenvalues. 

My initial hypothesis was that communities in the more unstable sites would have 

a greater resilience in order to persist in the face of continual disturbance. I also 

investigate how this resilience relates to the complexity of each community and 

the stability of the habitat in which that community occurred. 

MATERIALS AND METHODS 

I used the technique outlined by Bruns & Minshall (1983) for calculating the in

teraction terms for the community matrix. Thus, pairwise Spearman rank correla

tions for each species in the community were calculated for the fifteen stone 

. samples collected at each of my sites (see Chapter 4). To avoid possible distor

tions inherent in this form of analysis, any species represented by only one individ

ual was omitted (rare species are unlikely to have a significant effect on commu

nity stability anyway) and any double-zero matches were eliminated (Legendre & 

Legendre, 1983). 

Non-significant correlations were given interaction terms of zero. Negative 
correlations (except those between predators and prey) were taken to represent 

competitive interactions. Schluter (1984, Table 4) listed the possible ecological 
basis of negative and positive associations of species on a resource state (in this 
case stones), and while it is possible that both negative and positive associations 
may be the result of competition there seems to be some evidence to suggest that 
the former is the case in at least some stream communities. Dudley et al. (1990) 

examined both habitat overlap and the nature of the competitive interaction 
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between Blepharicera micheneri and Simulium virgatum in a Californian stream 
and found that the two were negatively correlated in their occupation of habitat 

patches as a result of competitive dominance by S. virgatum. Other studies have 

also found that densities of a number of stream invertebrates are negatively cor

related as a result of competition for both food (e.g., McAuliffe, 1984a; Hawkins 

& Furnish, 1987) and space (e.g., McAuliffe, 1984b; Hart, 1985; Hemphill, 1988). 

Schluter (1984) claimed a positive association may result from competition if 

competitors fluctuate in unison with their resources, however, if this were the 

case, competitors are unlikely to be having a strong effect on each other, as even

tually one or the other should be excluded from the resource as in the case of B. 

micheneri and S. virgatum. Therefore I took positive associations (except those 
between predators and prey) to represent weak or nil interactions and ascribed a 
value of zero to them. Significant associations between predators and prey on the 
stones were attributed to the effects of one feeding on the other and not to an 
interaction for spatial resources. Thus, the predator was given a positive interac
tion term and the prey a negative interaction term. The sizes of the interaction 
terms were determined by the size of the correlation coefficients. Diagonal en
tries in the matrix (i.e., intraspecific interactions) were set to -1 following Pimm 
(1982). 

Eigenvalues for each of the matrices were then extracted using PC-Matlab 
(Moler et al., 1987). 

RESULTS 

Correlation analysis 

The number of significant positive and negative correlations recorded in each 
season at my study sites are recorded in Table 9.1 along with the number of corre
lations (both positive and negative) that could be expected by chance. In all but 
two cases more correlations were recorded than would be expected by chance. 
Most sites had more negative than positive correlations, although there was con
siderable variation across the seasons. Porter River, Slip Spring, Grasmere 
Stream and Lake Grasmere, all stable sites, in general had more positive than 
negative Gorrelations, however. 

The number of significant correlations that occurred between predators and 
prey are also shown in Table 9.1. The vast majority of these were positive. 

Community matrices 

As most matrices were asymmetrical some of the eigenvalues associated with 
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Table 9.1. Number of significant correlations (P < 0.05) for all species collected in ftfteen stone 
samples at each of my study sites. 

Site Number of 
species signif. signif. expected predator signif. signif. 

positive negative by species positive negative 
correl.s correl.s chance predjprey predjpre 

correl.s correl.s 

UNSTABLE SITES 
KOWAl RIVER 

spring 1 22 51 15 11.6 6 19 1 
summer 17 4 25 6.8 4 0 5 
autumn 23 18 39 12.7 5 3 5 
winter 19 1 36 8.6 2 0 6 
spring 2 14 4 17 4.6 2 2 5 

mean 19 15.60 26.40 8.82 3.80 4.80 4.40 
SE 1.64 9.33 4.85 1.49 0.80 3.60 0.87 

WHITEWATER STREAM 
spring 1 29 25 38 20.3 5 5 2 
summer 28 23 42 18.9 9 7 5 
autumn 27 18 31 17.6 6 7 3 
winter 20 17 19 9.5 4 2 4 
spring 2 9 2 1 1.8 0 0 0 

mean 22.60 17 26.20 13.61 4.80 4.20 2.80 
SE 3.75 4.04 7.41 3.50 1.46 1.39 0.86 

DRY STREAM 
spring 1 27 28 32 17.6 8 10 8 
summer 31 75 12 23.3 6 18 2 
autumn 30 51 22 21.8 9 13 6 
winter 19 12 5 8.6 5 4 0 
spring 2 15 2 15 5.3 0 0 0 

mean 24.40 33.60 17.20 15.27 5.60 9 3.20 
SE 3.16 13.25 4.60 3.58 1.57 3.19 1.62 

CRAIGIEBURN CUTTING 
STREAM 

spring 1 34 32 46 28.1 9 6 4 
summer 27 10 45 17.6 6 1 7 
autumn 27 15 38 17.6 7 2 2 
winter 5 0 0 0.5 1 0 0 
spring 2 8 0 7 1.4 1 0 O· 

mean 20.20 11.40 27.20 13.01 4.80 1.80 2.60 
SE 5.76 5.91 9.84 5.29 1.62 1.11 1.33 

Table 9.1. (Continued on Jollowingpages) 
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Table 9.1. (Continued) 

BRUCE STREAM 
spring 1 14 3 19 4.6 1 0 0 
summer 11 0 11 2.85 2 0 1 
autumn 8 1 4 1.4 1 0 1 
winter 2 0 0 0.1 0 0 0 
spring 2 4 0 3 0.3 0 0 0 

mean 7.80 0.80 7.40 1.81 0.80 0 0.40 
SE 2.20 0.58 3.41 0.83 0.37 0 0.24 

STABLE SITES 
PORTER RIVER 

spring 1 44 106 40 47.3 11 14 3 
summer 43 152 56 45.2 11 32 9 
autumn 47 242 61 54.1 13 31 4 
winter 44 146 59 47.3 13 24 11 
spring 2 34 33 7 28.1 7 6 0 

mean 42.40 135.80 44.60 44.37 11 21.40 5.40 
SE 2.20 33.99 10.10 4.35 1.10 5.02 2.01 

SLIP SPRING 
spring 1 29 40 37 20.3 8 7 6 
summer 44 91 65 47.3 14 19 5 
autumn 41 45 105 41 12 9 20 
winter 40 84 39 39 12 16 9 
spring 2 43 85 52 45.2 13 19 9 

mean 39.40 69 59.60 38.55 11.80 14 9.80 
SE 2.69 10.91 12.42 4.79 1.02 2.53 2.67 

CORA LYNN STREAM 
spring 1 46 74 170 51.8 12 13 21 
summer 41 82 76 41 8 9 7 
autumn 50 40 133 61.3 10 2 16 
winter 30 35 55 21.8 3 2 1 
spring 2 21 4 46 10.5 2 0 0 

mean 37.60 47 96 37.25 7 5.20 9 
SE 5.33 14.14 23.90 9.37 1.95 2.48 4.14 

MIDDLE BUSH STREAM 
spring 1 38 22 86 35.2 6 2 6 
summer 36 37 31 31.5 6 2 5 
autumn 37 45 69 33.3 7 3 6 
winter 34 34 39 28.1 5 0 3 
spring 2 25 5 62 15 5 1 12 

mean 34 28.60 57.40 28.60 5.80 1.60 6.40 
SE 2.35 6.96 10.02 3.60 0.37 0.51 1.50 
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Table 9.1. (Continued) 

GRAS MERE STREAM 
spring 1 36 72 58 31.5 9 7 11 
summer 41 200 29 41 13 33 3 
autumn 32 65 37 24.8 6 14 3 
winter 36 93 27 31.5 6 9 1 
spring 2 33 43 62 26.4 5 7 3 

mean 35.60 94.60 42.60 31.04 7.80 14 4.20 
SE 1.57 27.53 7.33 2.83 1.46 4.92 1.74 

LAKE GRAS MERE 
spring 1 39 87 24 37.1 8 6 5 
summer 38 60 48 35.2 11 9 6 
autumn 44 110 122 47.3 12 14 33 
winter 35 101 48 29.8 7 11 5 
spring 2 36 88 55 31.5 6 8 5 

mean 38.40 89.20 59.40 36.15 8.80 9.60 10.80 
SE 1.57 8.46 16.51 3.07 1.16 1.36 5.55 

them were conjugate eigenvalues (i.e., they had both real and imaginary parts). 

The imaginary parts of the eigenvalues indicate that the system oscillates (either 

away from or towards equilibrium) if disturbed (May, 1973; Pimm, 1982). 

As I mentioned in the introduction, the constraints on the eigenvalues for sta

bility differ depending on the underlying structure of the matrix, that is, whether 

the population growth models for the constituent species in the community are 

modelled better by differential or difference equations. Many insect populations, 

particularly those with distinct generations, are modelled best by difference equa

tions (Hassell, 1979; Pimm, 1982). However, for them to be the most appropriate 

choice the time lag between generations needs to be relatively long (e.g., a year), 

so that the density of species in one year will depend on its interaction with other 

species in the previous year and not more recently (S.L. Pimm pers. comm.). It is 

unlikely that the time lag between successive generations of most New Zealand 

stream invertebrates is very long, as many exhibit poorly synchronised life histo

ries and multiple generations (although the nature of life history patterns in New 

Zealand aquatic invertebrates is in general poorly understood). Most popula

tions are probably modelled best by equations that lie somewhere in between 

difference and differential equations (Pimm, 1982), and the population dynamics 

of most New Zealand benthic invertebrates would seem to fall in line with this. 
Consequently, I considered stability criteria for both difference and differential 

equation based matrices, but as it turned out this made little difference to the 
interpretation. 



Chapter 9: Community Resilience 132 

For a differential based system the criterion for stability is that all eigenvalues 

have negative real parts, and for difference equation based systems the square of 

both the real and imaginary parts of all eigenvalues must be less than one (May, 

1973). For simplicity I have ignored the imaginary parts of the eigenvalues in 

presenting the analysis, and this made no difference to the interpretation. The 

mean maximum and minimum eigenvalues (i.e., the real parts) are plotted in Fig. 

9.1. All but two matrices (these only had intraspecific interaction terms) had 

eigenvalues outside the stability envelope of either type of equation. However, it 

is interesting to note that the more unstable sites had eigenvalues closer to the 

criterion for stability. 
Given that only two of the matrices (and these have no interspecific interac

tion terms) are stable, it can be inferred that if disturbed all the communities 

would become extinct rather than returning to the status quo. Clearly, this does 

not happen. How then does the resilience of the communities compare if 

eigenvalues outside the stability criterion are ignored? Assessment of this again 

depends on the type of equations involved. For differential equations the return 

time is given by -1/(the real part of the largest eigenvalue) (Pimm & Lawton, 

1977). Thus, the more negative the largest eigenvalue, the more rapidly will the 
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Figure 9.1. Mean maximum (0) and minimum (.) eigenvalues (± 1 SE) for community matrices 
collected at each of my study sites between October 1987 and October 1988, as a function of overall 
(multivariate) environmental stability. The area within the dotted lines is the stability criterion for 
matrices based on difference equations and the area below the dashed lines is the criterion for stability 
for a differential equation based system. 
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matrix return to its predisturbance state. For difference equation systems the 

smaller the dominant eigenvalue (the largest eigenvalue ignoring the sign) the 

more resilient the matrix (most advanced algebra texts e.g., Edelstein-Keshet, 

1988; Fraleigh & Beauregard, 1989). 

The measures of resilience for both equation types are plotted in Fig. 9.2. For 

both equation systems the matrices in the more unstable streams had greater re

silience. The maximum eigenvalue (ignoring all positive eigenvalues) increased 

as overall (multivariate) environmental stability decreased (F = 4.55, df = 1,49, 
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Figure 9.2. Mean maximum eigenvalue (A) (ignoring all positive eigenvalues) and mean dominant 
eigenvalue (B) (ignoring all those equal to or greater than one) as a function of overall envirorimental 
stability. Plotted values are averages of the seasonal means ± 1 SE. Regression analysis was per
formed including seasonal comparisons to yield the equations: maximum eigenvalue = -0.17 -
0.12( environmental stability score), f2 = 0.11 and dominant eigenvalue = 0.97 - 0.24( environmental 
stability score),,:z = 0.43. 
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P < 0.05, r2 = 0.11), and the dominant eigenvalue (ignoring those greater than or 
equal to one) decreased as environmental stability decreased (F = 23.65, 

df = 1,49, P < 0.05, r = 0.43). 
What aspects of community structure may account for the increased resil

ience? Results of mathematical modelling suggest that communities in the more 
unstable streams (i.e., those with higher resilience) should be less complex (e.g., 
May, 1973). However, both connectance (F = 13.76, df = 1,49, P < 0.05, 
r = 0.34) and average interaction strength (F = 13.20, df = 1,49, P < 0.05, 
r = 0.34) increased as overall environmental stability decreased (Fig. 9.3), al-
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Figure 9.3. Mean connectance (A) and average interaction strength (B) as a function of overall 
environmental stability. Plotted values are averages of the seasonal means ± 1 SE. Regression 
analysis was performed including seasonal comparisons to yield the equations: connectance = 0.12 + 
0.06( environmental stability score),,2 = 0.34 and average interaction strength = 0.08 + O.OS( environ
mental stability score),,2 = 0.34. 



Chapter 9: Community Resilience 135 

though the relationship was not constant across the seasons for either variable 
(F = 4.40 for connectance and F = 3.33 for average interaction strength respec
tively, df = 1,49, P < 0.05). 

Nevertheless, the number of species in these communities decreased as envi
ronmental stability decreased (Chapter 5) and it may be that while connectance 
and interaction strength increase there is a corresponding decrease in the number 
of species. If so, connectance and/or average interaction strength would be ex
pected to decrease as the number of species increases. This was indeed the case, 
both connectance (F = 8.01, df = 1,53, P < 0.05, r2 = 0.13) and average interac
tion strength (F = 11.80, df = 1,53, P < 0.05, r2 = 0.18) decreasing as species 
number increased (Fig. 9.4). 
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Figure 9.4. Connectance (A) and average interaction strength (B) as a function of species number. 
Regression analysis yielded the equations: connectance = 0.18 - 0.002( species number), -,2 = 0.13 and 
average interaction strength = 0.15 - 0.002(species number),-,2 = 0.18. Stable sites have solid symbols: 
Porter River (.), Cora Lynn Stream (A), Middle Bush Stream ( ... ), Grasmere Stream (+), Slip Spring 
(+) and Lake Grasmere (II). Unstable sites have open symbols: Kowai River (0), Whitewater Stream 
(.6), Dry Stream (0), Craigieburn Cutting Stream (v) and Bruce Stream (0). 
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How then do these aspects of complexity relate directly to resilience? Both 
connectance and average interaction strength were unrelated to resilience meas
ures based on either differential (F = 0.00 and F = 0.10, df = 1,53, P > 0.05) or 
difference equation (F = 0.03 andF = 0.46, df = 1,53, P > 0.05) criteria (Fig. 9.5). 
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Figure 9.5. Maximum eigenvalue (A, C & E) (ignoring all positive eigenvalues) and dominant 
eigenValue (B, D & F) (ignoring all those equal to or greater than one) as a function of species number 
(A & B), connectance (C & D) and average interaction strength (E & F). Stable sites have solid 
symbols: Porter River (e), Cora Lynn Stream (A),MiddleBushStream (v), GrasmereStream (+), Slip 
Spring (.) and Lake Grasmere (II). Unstable sites have open symbols: KowaiRiver (0), Whitewater 
Stream (a), Dry Stream (0), Craigieburn Cutting Stream (v) and Bruce Stream (0). Only the regres
sions against species number were significant, yielding the equations: maximum eigenvalue = 
0.007(species number) - 0.51,,2 = 0.14 and dominant eigenvalue = 0.38 + 0.02(species number), 
,2 = 0.49. 
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However both differential (F = 8.65, df = 1,53, P < 0.05, r2 = 0.14) and difference 

equation (F = 51.51, df = 1,53, P < 0.05, r2 = 0.49) resilience measures increased 

as species number increased (Fig. 9.5). That is, as the number of species in

creased, community resilience decreased. However, it must be remembered that 

these resilience measures ignore eigenvalues that fall outside the stability enve

lope, and in both plots the eigenvalues indicating resilience approach these stabil

ity limits very closely (zero and one for the differential and difference equations, 

respectively) as species number increases. 

DISCUSSION 

In other studies in which species associations have been investigated at the com

munity level (Reice, 1981, 1983; Peckarsky, 1986; Lake et at., 1988) a preponder

ance of positive associations have been taken to indicate a lack of biotic interac

tion (i.e., species are simply utilising common resources without competing). In 

these studies, either correlation techniques (as in my study) or presence/absence 

association measures have been used, although it is unclear whether double-nega

tive associations were removed prior to the analysis, even though in general only 

the most common animals were considered. Inclusion of double-negative asso

ciations can lead to errors in interpretation (Legendre & Legendre, 1983; Ludwig 

& Reynolds, 1988) and when my analysis was done without removing double

negatives I found all significant correlations were positive. 

The fact that several of the more stable sites had considerably more positive 

correlations than the unstable sites seems at first glance to be contradictory to 

classical ideas on biotic interactions which are considered to be stronger in more 

stable environments (e.g., Peckarsky, 1983). However, these stable sites also 

appeared to have a larger resource base (Le., both epilithic carbon and 

periphyton levels were considerably higher (Chapter 3». There may therefore be 

less chance of some resources, such as food, reaching a limiting level in these 

streams, particularly if other factors such as predation are maintaining levels at or 

below the carrying capacity. At the stable sites where levels of these resources 

were lower (e.g., Cora Lynn and Middle Bush Stream) there were in fact, many 

more negative than positive associations. 

It is also interesting to note that most of the significant associations between 

predators and their prey were positive. This conforms with the predictions of 

classical optimal foraging theory (Krebs, 1978), that predators should be found in 

areas of high prey density. However, it contrasts with the findings of Malmqvist & 

Sjostrom (1984), Walde & Davies (1984) and Peckarsky (1988) for Northern 
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Hemisphere streams, although the former did find positive associations between 

sessile prey (such as simuliids and hydropsychids) and their predators. 

The fact that the majority of the community matrices were outside the limits 

for local stability is also somewhat perplexing because it implies that the slightest 

disturbance should plummet all communities to extinction! It may be that con

structing a community matrix by measuring interactions (the elements of the 

matrix) using spatial overlap measures is not the most appropriate approach to 

take. However, Seifert & Seifert (1976) constructed their matrices of Heliconia 
bract communities by manipulative examination of all possible species interac

tions (the most appropriate technique for constructing community matrices) and 

found they too were locally unstable. 

There seem to be two likely possibilities as to why stream invertebrate com

munities persist in time despite an inherent instability in their structure. It may be 

that the very open nature of the communities (i.e., invertebrates are continually 

drifting in and out) means that stability at any given point in time is not necessary. 

The continual turnover of animals may in itself place stability constraints on a 

system that if isolated would quickly become unstable and consequently go ex

tinct. This appears to be an area of theoretical ecology that needs further investi

gation, given that the generality of inherently stable (closed) communities is open 

to question (e.g., Seifert & Seifert, 1976). 

The other possibility, that has received considerable attention in the theoreti

cal literature, is the idea that communities are composed of compartments. A 

number of modelling studies (e.g., May, 1972; Goh, 1979; but see Pimm, 1979b) 

have shown that communities are more stable if they are organised into compart

ments, within which interactions are strong but between which interactions are 

weak. The idea that stream habitats are composed of patches is gaining increas

ing popularity (Pringle et al., 1988; Frid & Townsend, 1989; Townsend, 1989) and 

my own observations of stream habitats support this view. It may be that I have 

considered stability at the wrong scale and that whereas overall communities may 

be unstable they are structured into compartments (perhaps within patches) 

which are themselves stable. 

Given that my stream communities are inherently unstable (by local stability 

criteria anyway), strictly speaking it would not seem valid to compare their resil

ience characteristics. However, it is interesting to note that the communities in 

the more unstable streams (those predicted to have the greatest resilience) had 

eigenvalues closer to the criterion for stability, and that there did in fact seem to 

be increasing community resilience as th~ stability of the habitat decreased. 

It is also worth noting that two of the components of complexity ( connectance 
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and average interaction strength) showed no relationship to resilience, but in

creased as environmental stability decreased. This is contrary to the findings of 

Briand (1983) and Cohen et al. (1985) who both found connectance decreased as 

environmental stability decreased. However, May (1972, 1973) showed that sta

bility could be maintained if i(SC)1/2 < 1, and therefore if i (average interaction 

strength) and C (connectance) both increase, the number of species (S) must 

show a proportionate decrease for stability to be maintained. This did indeed 

appear to happen in my study. A number of other workers have also found that 

connectance decreases with species number (e.g., McNaughton, 1978; Rejmanek 

& Stary, 1979; Y odzis, 1980; Pimm, 1982; Briand, 1983; Cohen et al., 1985). Bruns 

& Minshall (1983) showed that average interaction strength in lotic predator 

communities decreased with species richness, although they (Bruns et aI., 1982) 

also found that filter feeders and grazers showed an increase in both these vari

ables with increasing species richness. The finding of a decrease in resilience with 

an increase in the number of species in a community is also consistent with results 

reported by Lawlor (1980a), Bruns et al. (1982) and Bruns & Minshall (1983). In 

summary, I conclude that if my stream communities are structured in any way to 

maintain stability, it is by a reduction in the number of species and not by weaker 

or fewer interactions. 



CHAPTER 10 

AN EXPERIMENTAL TEST FOR COMPETITION 

INTRODUCTION 

In the last chapter I examined the stability of community matrices constructed on 

the basis of spatial overlap. The elements of these matrices should be measures 

of the size and sign of interaction between each species in the community with 

every other species (i.e., the effect of that species on all others in the community) 

and I used a measure of spatial resource overlap as an estimate of these interac

tion terms. However, the link between resource overlap and the nature of the 

interaction between two species is a tenuous one at best, and unless the communi

ties are very small, performing the large number of manipulative experiments 

necessary to measure all interactions accurately, is impractical. 

Even though it may have been impractical to examine the nature of all the 
interactions occurring in my study communities, it seemed worthwhile to investi
gate at least some of them. This was especially so, as there has been little experi
mental work carried out on the nature of competition in New Zealand stream 
invertebrate communities. Although there has been extensive work carried out 
overseas (e.g., McAuliffe, 1984a, 1984b; Hart 1985; Hawkins & Furnish, 1987; 
Hemphill, 1988; Dudley et al., 1990). 

I decided to examine the interaction between the snail Potamopyrgus antipo

darum and other members of the community. This animal was chosen for a 
number of reasons including the fact that P. antipodarum was a numerically domi

nant member of a number of my study communities, it appeared to be easy to 
exclude from study patches, it has been shown to depress periphyton (resource) 
levels (Winterbourn & Fegley, 1989; Winterbourn, 1990) and the nature of its 
body form and behaviour suggested it was likely to interfere and therefore poten
tially compete with other species. 

Competition between invertebrates may be either exploitative (i.e., there is 
competition for a limiting resource) or interference (i.e., the activities of one 
species may inhibit another without them actually sharing a common limiting 

resource) (Hart, 1983) and I designed the experiment to examine both these 
components of competition. 

MATERIALS AND METHODS 

The experiment was conducted at four sites: Slip Spring, Porter River (slightly 
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upstream from the original study site), Cora Lynn Stream and Grasmere Stream 

between 23 June and 4 August, 1989. Depth, current speed and temperature 

range recorded at these sites during the experiment are given in Table 10.1. 

The unglazed lower surface of IUd; cm2 bathroom tiles were used as experi

mental substrata. These had been used successfully for previous experiments on 

periphyton grazing (e.g., Winterbourn & Fegley, 1989), and the algal assemblages 

that develop on them appear to be very similar to those on natural stream sub

strata. The tiles were either raised above the substrate (10-15 cm) on tent pegs, to 

exclude P. antipodarum, or placed on the stream bed where P. antipodarum had 

easy access to them. Mter six weeks, half of the lowered tiles were raised (any P. 

antipodarum present were removed) and half of the raised tiles were lowered. All 

tiles were collected three days later (long enough for any effects of interference 

competition to manifest, but not long enough for resource levels to become de

pressed), preserved in 10% formalin and all animal colonists were sorted in the 

laboratory as described earlier (Chapter 4). 

The four experimental treatments provided different combinations of re

source levels and the presence of P. antipodarum to test for both exploitative and 

interference competition. They were A) no resource depression (Le., exploitative 

competition) or interference competition (raised tiles), B) resource depression 

and interference competition (lowered tiles), C) resource depression without 

interference competition (raised tiles that were initially lowered) and D) interfer

ence competition, but no resource depression (lowered tiles that were initially 

raised). 

Five replicate tiles for each of the four treatments were placed in groups of 

Table 10.1. Mean current velocity, depth and temperature (with ranges in parentheses) at Slip Spring, 
Porter River, Cora Lynn Stream and Grasmere Stream between 23 June and 4 August, 1989. Meas
urements were taken at each visit to the sites (i.e., 23 June, 2 & 4 August 1989). Current velocity was 
measured 10 cm from the stream bed at the centre of the channel with a Pygmy Gurley current meter 
and depth measured alongside each group of four tiles. 

Site Temperature Depth Current velocity 
°C cm cm S-l 

Slip Spring 8.6 13 57 
(8-9) (7-22) (56-59) 

Porter River 8.5 9 53 
(8-8.7) (6-12) (49-61) 

Cora Lynn Stream 9 10 38 
(6-11) (5-16) (29-42) 

Grasmere Stream 6.8 12 95 
(2-10) (7-21) (84-103) 
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four (one from each treatment) at random points along a 15 m stretch of each 

stream. Ten smaller tiles (6 cm2) were also placed on the lowered and raised tiles 

at random points along the stream. These were collected and returned to the 

laboratory to confirm that the grazing activities of P. antipodarum did depress 

resource levels (i.e., periphyton biomass). Periphyton biomass was determined as 

described in Chapter 3. 

ANALYSIS 

Treatment effects were examined with the GLM two way analysis of variance 

procedure of SAS (1985). Data were log (x+ 1) transformed (except periphyton 

biomass which was square root (x + 0.5) transformed) to reduce variance hetero

geneity between treatments. Multivariate community structure was examined 

using the detrended correspondence analysis (DECORANA) procedure of the 

PC-ORD multivariate package (McCune, 1987). 

RESULTS 

Evaluation of the treatment effects was confounded by two factors. Firstly, differ

ent responses were obtained to each of the treatments in different streams, a find

ing that was not altogether surprising given that each of the streams had very dif

ferent densities of P. antipodarum. Secondly, different responses were obtained 

within streams depending on just where the tiles were placed. This appeared to 

be related to the amount of very fine sediment that accumulated on tile surfaces 

at some locations in the stream, probably as a result of local differences in flow. 

The effect of the sediment deposition was two-fold, first, it reduced periphyton 

biomass on the tiles, and second (probably as a consequence of the reduced 

periphyton levels) P. antipodarum densities on the umaised tiles were lowered. 

Consequently, correspondence analysis (Fig. 10.1) grouped the tiles together 

predominantly on the basis of their positions within a stream rather than accord

ing to treatment effects. In Slip Spring, however, all raised tiles (i.e., treatment A) 

were grouped together (all had low scores on axis one), although three other tiles 
from two other treatments were also grouped with them. This was the site least 

affected by differential deposition of fine organic sediments. 
Despite large within-site differences, the exclusion of P. antipodarum (and 

possibly other non-swimming grazers such as larvae of the caddisflies Pycnocen
trades and Pycnocentria evecta) resulted in significantly increased algal biomass 
(Fig. 10.2) on raised tiles (F = 23.35, df = 1,30,P < 0.05), the extent of which dif

fered between sites (F = 3.87, df = 3,30, P < 0.05). 
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Figure 10.1. Plot of DECORANA axis one against axis two for invertebrate communities on tiles at 
Slip Spring (A), Porter River (B), Cora Lynn Stream (C) and Grasmere Stream (D). Tile treatments 
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Total numbers of invertebrates present on the tiles (Fig. 10.3) also differed 
significantly between treatments (F = 3.12, df = 3,57, P < 0.05), and although 
responses to each of these treatments appeared to differ among the sites this was 
not statistically significant (F = 1.78, df = 9,57, P > 0.05). However, except in 
Grasmere Stream, highest densities occurred on the raised tiles (i.e., treatment 
A). Numbers of colonising taxa (Fig. 1004) were not significantly different among 
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treatments (F = 2.63, df = 3,57, P > 0.05), although in both Porter River and 

Cora Lynn the highest number of taxa were on the raised tiles (i.e., treatment A). 

The density of Simuliidae on the tiles (Fig. 10.5) was significantly different 
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between treatments (F = 3.37, df = 3,43, P < 0.05), and was most pronounced at 

the Porter River site where densities were considerably higher on raised tiles (A 

& C) than on lowered tiles (B & D). Mayfly densities (all Deleatidium sp. except 

at Grasmere Stream where Nesameletus sp. was also included) (Fig. 10.5) were 

also significantly different between treatments (F = 3.38, df = 3,57, P < 0.05), 

however, they were highest on lowered tiles (B & D), except at Cora Lynn. The 

lowered tile treatment (B) was significantly different from both the raised tile 

treatments (A & C), but was not significantly different from treatment D (raised 

then lowered tiles), while these three treatments (A, C & D) were not different 

from each other. The other common taxon, the family Chironomidae (species 

lumped together for the analysis) also exhibited significantly different densities 

among treatments (F = 3.34, df = 3,57, P < 0.05), but only raised (A) and lowered 

(B) tiles were significantly different from each other. 

DISCUSSION 

The results of this experiment are rather equivocal because of differences in 

treatment effects both within and between streams. However, the results indicate 

that P. antipodarum (and possibly other grazers) were reducing periphyton bio

mass in these streams as has been reported previously for Slip Spring (Winter

bourn & Fegley, 1989) and other Canterbury streams (M.J. Winterbourn, unpub

lished data). Given that P. antipodarum is reducing resources, there must be po

tential at least for competitive interactions between it and other invertebrates 

dependent on the same periphyton resources. 

Total numbers of invertebrates and taxa were generally higher on raised tiles 

(i.e., treatment A) than on those for other treatments, suggesting that if competi

tion is having an effect, it is through both interference and exploitative competi

tion by those invertebrates excluded from the tiles (primarily P. antipodarum). 

The exact nature of the relationship and its strength seems to depend on both the 

site and taxa involved. 

The common taxa whose densities on tiles were examined, also exhibited dif

ferent responses to the treatments in different streams, particularly with respect 

to treatments C and D (the tiles designed to differentiate between exploitative 

and interference competition). However, all but one of the significant differences 

recorded were between the raised (A) and lowered (B) treatments (neither being 

significantly different from either treatments C or D) and if these latter two treat

ments are ignored, responses are remarkably consistent across all the sites. The 

Chironomidae and Simuliidae both had higher population densities on the raised 
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(A) than on the lowered (B) tiles. It is unclear just what form of competition 

could have led to the differences in chironomid densities (responses to treatments 

C and D differed in each of the streams), but the higher densities of simuliids on 

treatment C (lowered then raised) than on any of the lowered tiles (B & D), al

though not significant, suggests that interference competition may have been in-
, 

volved. However, observation of interactions betweenP. antipodarum and simu

liids in a laboratory stream did not provide support for this idea, and it is likely 

that simuliid larvae preferred the raised tiles simply because they facilitated feed

ing. Why mayflies had significantly higher densities on lowered (B) than on raised 

tiles (A) is also unclear. They may prefer lower biomass epilithon which is more 

readily removed and ingested by their primarily brushing mouth parts (as found 

by Scrimgeour et ai. (1991) for a Canadian stream), but such an explanation does 

not explain the high densities found on treatment D tiles that had well developed 

periphyton. It seems more likely that the lowered tiles are preferred because they 

offer more cover for the mayflies which are strongly negatively phototactic. 

In summary, it is difficult to come to any firm conclusions about the effect ofP. 

antipodarum on other invertebrate species in these communities because of the 

large differences in treatment responses found both within and between streams. 

However, the periphyton grazing by the snails did lead to reduced resource levels, 

and this offers the potential for competitive interactions. My data suggests that 

such interactions may be occurring, but does no more than suggest this. 



CHAPTER 11 

OVERLAP OF SPATIAL RESOURCE 
UTILIZATION 

INTRODUCTION 

The importance of resource partitioning amongst closely related species as a 

force in structuring communities has been an area of interest in ecology since it 

was introduced early this century by Elton (1927), Grinnell (1917, 1924, 1928) and 

others (for an historical review of its development see Schoener, 1989). The term 

"ecological niche" is often used to describe the resource usage of a particular spe

cies, although the definition of the term "niche" is often very vague (Pianka, 1981) 

and it may prove impossible to measure (Pianka, 1975). Associated with this in

terest in resource partitioning has been a vast body of theoretical work (for re

views see Abrams, 1983; Giller, 1984; Schoener, 1986b, 1988, 1989) which has 

considered the extent to which resource use can overlap between two species 

without leading to competitive exclusion. Early work (MacArthur & Levins, 

1967; MacArthur, 1972; May & MacArthur, 1972; May, 1973, 1974) suggested 

that there was a limit to how similar two species could be and still coexist, or alter

natively allow the invasion and persistence of a third species (this is often de

scribed as limiting similarity). However, more recent work, both theoretical and 

empirical, has thrown considerable doubt on the generality and/or validity of the 

assumptions and conclusions associated with this early work (see Schoener, 1986b 

and 1989 for discussions). 

Much of the early theoretical work also considered the effect of environ

mental variability on the question of "limiting similarity" and coexistence (Mac

Arthur, 1972; May & MacArthur, 1972; May, 1973). It was suggested that envi

ronmental variability places constraints on the degree to which two species can 

overlap in resource usage, however the limit to this overlap is insensitive to the 

degree of environmental variability, unless this variation is "very severe". How

ever, as for the concept of limiting similarity per se, more recent work (e.g., 

Abrams, 1976; Turelli, 1981) has thrown doubt on the early theories concerning 

environmental variability and resource overlap (see Abrams, 1983 for a review). 

The exact nature of the relationship between these two variables seems to depend 

on both the degree of environmental variability and the particular models in

voked to explain these patterns (Schoener, 1986b). 
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The relationship between resource overlap and species diversity has also been 

an area of both theoretical and empirical interest (Pianka, 1981). MacArthur 

(1972) postulated that diversity could be increased in a community only if the 

diversity of resources in the environment increased, the range of resources used 

by an average species (niche breadth) decreased, or the extent of average re

source overlap increased. Considerable empirical support has been forthcoming 

for these ideas, and the diversity of bird (MacArthur, 1972), squirrel (Emmons, 

1980) and insect assemblages (Hendrix, 1980; Moran & Southwood, 1982) for 

example, have been found to be related to plant diversity and structure (and con

ceivably resource diversity). Both tropical stream fish (Zaret & Rand, 1971) and 

Galapagos ground finches (Smith et al., 1978) exhibit decreasing niche breadth 

with decreasing food availability, however, Davies et al. (1981) found that preda

tory leeches increase niche breadth and overlap with increasing prey availability. 

Similarly, whereas lizard (Pianka, 1974, 1975), desert rodent (M'Closkey, 1978), 

ant (Bernstein & Gobbel, 1979) and tropical stream fish communities (Zaret & 

Rand, 1971) among others, exhibited decreasing niche overlap with increasing 

species richness, some small mammal assemblages were found to have a positive 

relationship between niche overlap and species diversity, although niche breadth 

remained invariant (Gorman, 1979; Porter & Dueser, 1982). 

For such patterns to occur however, communities must be at or near equilib

rium in habitats where resources are limiting, conditions that are more likely to 

occur in relatively stable environments (Minshall et al., 1985). While species in 

predictable environments may be able to reduce competition by becoming more 

specialized, species in unpredictable environments may be unable to specialize on 

a specific range of resources because of the constantly changing conditions (Mac

Arthur, 1975). Alternatively, if communities are not saturated with species (Le., 

resources are not limiting) increasing species diversity will simply be associated 

with increasing niche overlap, and niche breadth will be unchanged. 

Some evidence suggests that many stream invertebrate communities may fall 

into this latter category. For example, Rader & Ward (1989) found that trophic, 

temporal and spatial overlap of scraper/collector-gatherer guilds were not signifi

cantly different between a regulated (predictable) and umegulated (unpredict

able) section of the Colorado River and Bruns et al. (1982) found a positive rela

tionship between diversity and niche (body size) overlap in grazer and filter 

feeder guilds. Similarly, Tokeshi (1986) found that temporal and dietary overlap 

within epiphytic chironomid assemblages was significantly greater than that ex

pected in a randomly constructed community and although Tokeshi & Townsend 

(1987) found that spatial overlap between species in these assemblages was sig-
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nificantly less than that expected by chance, this was the result of the chironomids 

aggregating in patches, between which overlap was no less than that expected by 

chance. However, Bruns & Minshall (1983) and Hildrew et at. (1984) have both 

found a decrease in niche overlap with increasing species richness in lotic preda

tor and detritivorous stonefly assemblages, respectively. 

In Chapter 9 of this thesis I used spatial overlap as a rough approximation of 

the degree of competitive interaction between species in my study communities. 

However, in evaluating the statistical significance of these interactions, any non

significant association was automatically set to zero. In so doing, a very truncated 

distribution of the degree of spatial overlap was produced. In the present chapter 

I examine spatial overlap per se between species in my invertebrate communities, 

using non statistical, niche overlap techniques, and consider its relationship with 

environmental stability. 

MATERIALS AND METHODS 

Niche Overlap and Niche Breadth Measures 

As with many other measures in ecology, a large number of techniques and for

mulae have been proposed for calculating both niche overlap and niche breadth. 

For reviews, see Pielou (1972), Abrams (1980), Hurlbert (1978), Lawlor (1980b) 

and Zaret & Smith (1984). I have used two niche overlap measures, which turned 

out to give very similar results. 

The first of these is Schoener's (1970) niche overlap measure where 

niche overlap = L min (Pxi' Pyi) 

where Pxi = the proportion of species x using resource state i (stones in this case), 

and Pyi, = the proportion of species y using resource state i. 

This index has been advocated by a number of the above reviews as the best to 

use because it is simple to calculate, free of assumptions about competition, al

lows intercommunity comparisons and is not sensitive to the scale of resource per

ception. 

The second measure of niche overlap I calculated was Pianka's (1973) overlap 

measure because it has been used in similar studies of stream invertebrate com

munities. 

This gives niche overlap = hxi----l!yi 

(LPi· L pi) 

where Pxi and Pyi are as above. 
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Both overlap indices give a measure in the range 0 (no overlap) to 1 (complete 

overlap). 

Niche breadth was calculated using Levins (1968) measure. 

Thus niche breadth = 1 

n. L pi 
where n = the number of resource states and the other parameters are as above. 

Niche overlap measures were calculated for every pairwise combination of 

species (niche breadth for all species) in each of the communities (Le., each sea

sonal sample), and the calculated variables were then averaged to give a single 

(average) measure for each community. 

Randomized Simulation Studies 

The niche overlap and breadth measurements obtained suggested that the assem

blages collected on stones at some sites may have been structured purely by ran

dom colonisation processes. To test this hypothesis, I examined whether ran

domly accumulating more individuals could have led to the observed increase in 

niche overlap and whether the assemblages on these stones could have been pro

duced by random colonisation alone. Random stone assemblages (Le., an equiva

lent number of individuals to that collected on each stone) were constructed by 

randomly drawing individuals from the pool ,of individuals and taxa present at 

that site (Le., the total number of individuals in each species collected on the fif

teen stones). This was carried out using a Turbo BASIC program that I wrote. 

For the analysis of the niche overlap patterns, 35 trials were conducted at each 

fraction of the community (see later) and for the stone assemblage analysis 50 

trials for both random/real and random/random comparisons were conducted 

(see later for more details). 

RESULTS AND DISCUSSION 

Average niche breadth and the two niche overlap measures are plotted against 

overall (multivariate) stability in Fig. 11.1. All three variables decreased as stabil

ity declined (F = 19.25 (r2 = 0.48), F = 30.00 (r2 = 0.45) andF = 25.60 (r2 = 0.41) 

for niche breadth, overlap and Pianka's overlap respectively, df = 1,49 P < 0.05). 

Only niche breadth differed significantly with season (F = 6.40, df = 4,49, 

P < 0.05), but no variable exhibited differing relationships with stability (Le., 

slopes) in different seasons. 

This suggests increased competition pressure that might be expected to occur 
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in more stable environments, was either not occurring or was not affecting niche 

overlap or breadth. It may be that the division of resources was occurring in 

guilds within the communities so that any differences in resource usage were not 

obvious at the community level, however as 60% - 90% of the individuals and 

species in these communities are in the same guild (i.e., collector/browser, see 

Chapter 13) this seems unlikely. Niche overlap is more likely to decrease simply 

because there are fewer species and/or individuals at the less stable sites, and 

therefore less chance of two species occurring on the same stone. Similarly, niche 

breadth may decrease because each species contains fewer individuals, and there 

are consequently fewer conspecifics available to occupy any particular stone. 

That the decline in niche overlap and breadth with decreasing stability may be the 

result of lower density and diversity at these sites is borne out by the plot of niche 

overlap and breadth against species number (Fig. 11.2). Both variables exhibit a 

significant increase with increasing number of species (F = 40.31 (r2 = 0.43) and 

F = 44.20 (r2 = 0.45) for niche overlap and breadth respectively, df = 1,53, 

P < 0.05). 

It is interesting to note that in other studies that have found an increase in 

niche overlap with increasing species richness (e.g., Bruns et at., 1982 (aquatic in

vertebrates); Gorman, 1979 (small mammals)), niche breadth has been found to 

be negatively correlated or invariant to increases in species number. Whereas, in 

this study there appears to be an increase in both niche breadth and niche over

lap. Resource levels have also been shown to affect niche breadth and overlap 

(Giller, 1984), and in my streams, resources probably decreased with decreasing 

stability (periphyton biomass was lower and the number of stones available for 

colonisation (Le., undisturbed) was probably also lower). Zaret & Rand (1971) 

and Smith et at. (1978) both reported declining niche breadth with decreasing 

resources, so this may also have been a factor here. 

It is possible, however, that the increases in both overlap and niche breadth 

observed in the more stable sites were the result of more species and/or more 

individuals being available for colonisation of resource states (i.e., stones). To 

test this idea, I used data from the Porter River spring 1 sample (a site with a high 

diversity and density of invertebrates), randomly accumulated fractions (0.005, 

0.01,0.1,0.2,0.5 and 1) of the total number of invertebrates collected on each of 

the stones at this site and calculated niche breadth and overlap for all the species 

present. By this means I was able to examine how niche overlap and breadth 
changed as more species and individuals accumulated. A plot of niche breadth 

and overlap against the fraction of the community sampled is given in Fig. 11.3. 

As predicted, both variables increased as more individuals and species were accu

mulated. However, it is interesting to note that the observed values of niche over-
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lap and breadth for the real community were lower than those predicted for a 
randomly accumulated community of the same size and composition. Perhaps 
overlap and breadth increase because of increasing resource levels (associated 
with increased stability) but are constrained by other abiotic or biotic influences 
(e.g., predation or competition) that keep niche measures below those which 
would be attained through simple random processes. 

If biotic influences are stronger in more "benign" environments as predicted by 
Peckarsky (1983), then community structure at these sites would be expected to 
deviate more from random than those at the very unstable sites, where chance 
colonisation events may predominate. To test this, I randomly accumulated the 
same number of individuals collected on each of the stones, from a pool of poten
tial colonists present at that site (Le., the total number of individuals in each spe
cies collected on the fifteen stones) and measured how similar these assemblages 
were to the real communities using Euclidean distance. To examine whether 
these distances were greater than those expected by chance I also calculated the 
Euclidean distance between two assemblages drawn at random. This was done 
for the spring 1 (a season with stable conditions), summer, and winter (a season 
with very unstable conditions) samples, from all sites. 

Results for each of the three stone size classes (large, medium and small) are 
given in Table 11.1. For the more stable sites, all but one size class (small at 

Table 11.1. Mean, minimum and maximum Euclidean distance between random and real stone 
communities (Real) and two random communities (Random) for large, medium and small stone size 
classes. Values of T obtained in comparisons of means are also given for each size class. Significance 
levels are P < 0.001 ***, P < 0.01 **, P < 0.05 * and non significant P > 0.05. 

Large stones Medium stones Small stones 
~in.Mean Tvalue Max. Min. Mean Tvalue Max. Min. Mean T value Max. 

UNSTABLE SITES 
KowaiRiver 

Spring 1 Real 6 33 (11.2)*** 70 4 27 (13.0)*** 54 5 19 (15.6)*** 42 
Random 6 23 57 4 15 49 2 9 21 

Summer Real 2 7 (2.9)** 17 0 5 (-0.4) 12 0 5 (5.4)*** 17 
Random 2 6 21 2 5 14 0 3 7 

Winter Real 2 6 (-2.3) 10 2 4 (-0.7) 8 0 1 (-0.4) 3 
Random 3 6 14 2 4 8 0 1 4 

Whitewater Stream 

Spring 1 Real 8 25 (11.1)*** 66 7 21 (15.7)*** 56 2 11 (12.4)*** 24 
Random 6 15 37 5 12 28 2 6 18 

Summer Real 5 22 (11.1)*** 49 6 14 (15.5)*** 27 1 6 (2.5)** 15 
Random 5 13 36 4 10 26 2 5 16 

Winter Real 11 65 (20.0)*** 234 1 16 (17.8)*** 50 0 2 (4.3)*** 9 
Random 2 12 54 1 5 19 0 1 7 

Table 11.1. (Continued on following pages) 
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Table 11.1. (Continued) 

DryStream 

Spring 1 Real 10 45 (22.6)*** 92 5 15 (9.7)*** 30 5 17 (15.3)*** 44 

Random 5 16 39 2 11 28 2 8 22 

Summer Real 24 57 (32.3)*** 96 9 19 (14.3)*** 34 1 7 (5.5)*** 14 
Random 11 23 48 5 13 29 0 5 14 

Winter Real 6 16 (15.4)*** 34 1 12 (6.0)*** 46 0 3 (1.8)* 9 
Random 4 10 24 1 5 12 0 2 7 

Craigieburn Cutting 
Stream 

Spring 1 Real 7 20 (13.9)*** 34 4 9 (3.4)*** 18 1 4 (0.2) 8 
Random 4 13 30 2 9 23 1 4 10 

Summer Real 3 13 (10.3)*** 26 3 7 (2.1)* 12 1 5 (1.8)* 15 
Random 3 9 20 3 6 13 1 4 12 

Winter Real 0 3 (-2.1) 8 0 3 (2.6)** 5 0 0 (-0.6) 2 
Random 0 3 8 0 2 5 0 0 2 

Bruce Stream 

Spring 1 Real 2 6 (6.2)*** 11 0 7 (5.5)*** 20 0 1 (0.7) 3 
Random 2 5 14 0 5 14 0 1 3 

Summer Real 1 5 (4.0)*** 17 1 4 (0.0) 10 0 2 (2.0)* 5 
Random 2 4 9 0 4 9 0 2 5 

Winter Real 0 1 (-3.0) 4 0 1 (1.3) 2 0 0 (0.1) 1 
Random 0 1 3 0 1 3 0 0 1 

STABLE SITES 
Porter River 

Spring 1 Real 60 143 (46.9)*** 297 27 84 (28.9)*** 190 12 34 (25.6)*** 70 
Random 11 31 73 9 24 44 3 12 32 

Summer Real 26 192 (19.8)*** 554 28 107 (30.5)*** 207 32 50 (49.0)*** 82 
Random 15 38 100 11 31 86 5 15 34 

Winter Real 22 79 (19.2)*** 200 13 30 (20.5)*** 56 7 22 (14.4)*** 55 
Random 14 29 57 7 16 33 3 12 26 

Slip Spring 

Spring 1 Real 21 87 (33.3)*** 167 12 49 (24.6)*** 90 2 23 (13.5)*** 53 
Random 8 24 74 4 17 58 2 11 39 

Summer Real 187 371 (61.0)*** 615 43 159 (33.4)*** 338 48 94 (53.9)*** 149 
Random 16 48 135 15 32 82 9 23 58 

Winter Real 44 333 (25.5)*** 695 23 91 (24.2)*** 226 9 67 (16.8)*** 148 
Random 7 46 120 9 27 86 5 18 53 

Cora Lynn Stream 

Spring 1 Real 30 95 (34.0)*** 180 18 33 (23.9)*** 75 2 17 (13.3)*** 35 
Random 11 25 49 6 17 37 2 8 21 

Summer Real 14 61 (21.7)*** 135 3 40 (9.8)*** 115 3 19 (13.6)*** 51 
Random 7 20 47 2 16 41 2 8 21 

Winter Real 6 13 (7.1)*** 25 3 12 (7.2)*** 27 2 5 (3.9)*** 10 
Random 5 11 22 2 9 26 2 4 8 
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Table 11.1. (Continued) 

Middle Bush Stream 

Spring 1 Real 7 25 (13.8)*** 51 8 19 (11.5)*** 39 2 8 (8.8)*** 23 
Random 7 15 31 7 13 29 2 5 12 

Summer Real 11 22 (16.7)*** 45 2 16 (5.1)*** 34 0 4 (2.3)* 10 
Random 7 14 22 3 11 23 0 4 8 

Winter Real 6 14 (4.0)*** 28 4 11 (7.3)*** 26 0 3 (0.7) 7 
Random 5 12 24 3 8 20 0 3 6 

Grasmere Stream 

Spring 1 Real 30 57 (32.3)*** 108 16 32 (25.8)*** 62 4 17 (12.0)*** 46 
Random 9 23 64 7 16 32 3 9 22 

Summer Real 43 107 (27.2)*** 204 29 84 (27.7)*** 194 10 26 (19.0)*** 54 
Random 18 41 120 12 30 87 3 14 31 

Winter Real 21 57 (19.9)*** 134 12 26 (22.3)*** 44 0 9 (4.2)*** 24 
Random 8 25 61 8 16 33 0 7 20 

Lake Grasmere 

Spring 1 Real 59 180 (30.0)*** 491 25 120 (27.8)*** 312 5 42 (9.6)*** 180 
Random 7 35 108 7 25 69 2 11 59 

Summer Real 98 241 (42.7)*** 492 36 101 (40.1)*** 159 26 71 (42.2)*** 101 

Winter 
Random 12 42 108 13 32 66 9 22 45 
Real 121 198 (71.2)*** 287 14 65 (18.3)*** 183 8 36 (28.1)*** 64 
Random 12 30 95 5 20 51 3 12 30 

Middle Bush) had a larger difference between real and random communities than 

between two randomly drawn communities. That is, the communities actually 

present on the stones appear to be significantly different from those expected to 

accumulate by chance. At the unstable sites the extent of the difference between 

random and real communities depended on both the season and stone size. Thus, 

real communities were different from those drawn randomly in the seasons with 

more stable conditions (spring 1 and summer) and for the larger (more stable) 

stones. In contrast, actual assemblages on medium and small stones at several of 

the unstable sites did not differ from those that would accumulate by chance. 

In summary, it appears that communities at stable sites (and on more stable 

substrates) differ from those that would be expected to accumulate by chance, 

however the mechanism of these differences is still unclear. 
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INTRODUCTION 

One of the principal aims of this study was to establish whether or not a relation

ship exists between community stability and environmental stability, and in par

ticular whether certain characteristics of some communities (such as their com

plexity) enable them to survive in the face of continual disturbance. Although en

vironmental stability has always been considered an important structuring force 

in stream invertebrate communities (Power et at., 1988; Resh et at., 1988) there 

appears to have been little consideration of whether communities in streams with 

more severe disturbance regimes have more or less complex communities, and 

whether community complexity in turn affects their stability (Le., ability to re

cover from a disturbance). A number of experimental studies have been carried 

out to examine the effects of disturbance on stream invertebrate communities 

(e.g., Clifford, 1982; Reice, 1984, 1985; Robinson & Minshall, 1986; Doeg et at., 
1989; Lake et at., 1989), however, I am only aware of one study (Malmqvist & 

Otto, 1987) that has examined the response of more than one stream community, 

and even then there was little attempt to relate the observed responses to differ

ences in the environmental conditions at each of the sites. 

This seems to be in stark contrast to other areas of ecology, especially theo

retical ecology, where the relationship between the complexity of a community 

and its ability to cope with disturbances has been a dominant theme of research 

since the 1950s (May, 1981; Pimm, 1982; Kikkawa, 1986; McNaughton, 1988; 

Walker,1989). It was initially suggested that more complex communities would 

be more stable (Elton, 1958; MacArthur, 1955) however, as a result of the mathe

matical modelling approaches of the 1970s (for a review see May, 1981), more 

complex communities are now generally held to be less stable. 

Most of these mathematical studies have been based on models of Liapunov 

functions which relate to the local stability of matrices. Local stability (Le., the 

ability to recover from a small disturbance) can be assessed by examining the 

eigenvalues of a matrix which describes a particular system (for more details see 

Chapter 9). In Chapter 9 I used these techniques to evaluate (local) stability of 

community matrices that I constructed for my study communities, and found that 

all communities had eigenvalues outside the constraints for a stable matrix. 

However, matrices for communities at less stable sites did have eigenvalues closer 

to the stability criteria, and if the eigenvalues that lay outside the boundaries 

denoting stability were ignored, also had eigenvalues that suggested these com

munities would be more resilient to disturbance (i.e., they would return to pre-dis

turbance levels more quickly). 
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However, whereas mathematical studies allow stability to be defined simply 

and precisely it is less easy to define for real communities. Local and global sta

bility may be useful concepts when defined mathematically, but how do they re

late to the real world? Is a small disturbance the arrival of a new species on a 

stone, the movement of a stone or a small increase in discharge, and if so when 

does a small disturbance become a large disturbance? Examining constraints for 

global stability (i.e., recovery from large disturbances) may in fact change the 

conditions necessary for a community to be stable (Pimm, 1979a). In different 

systems, a given disturbance may also be perceived in different ways; for example 

a light shower of rain is likely to have little impact on a stream community, but it 

may represent a large disturbance to the microbial community on the surface of a 

decomposing leaf. There are also inherent difficulties in constructing community 

matrices in the first place, unless the study communities are very small (for a dis

cussion see Chapter 9). 

Despite all these difficulties, a number of researchers (e.g., Seifert & Seifert, 

1976; Lawlor, 1980a; Bruns et al., 1982; Bruns & Minshall, 1983; Levitan, 1987) 

have assessed the local stability of a community by examining the eigenvalues of 

its community matrix. But, there does not appear to have been any attempt to 

relate the eigenvalues of a community matrix to the response of that community 

to a real disturbance. 

In this chapter, I examine the results of different degrees of experimental dis

turbance on patches of substrate in four of my study streams (two environmentally 

stable and two unstable). I did this firstly, to test whether the patterns in commu

nity structure discussed in the previous chapters were, as suggested, related to dif

ferences in the environmental stability of the sites. By manipulating a single vari

able (i.e., degree of disturbance at a site), while all other factors remain un

changed, it should be possible to evaluate the effect of stability without other 

confounding or undetected influences. Secondly, I wanted to examine whether 

the simpler communities at the unstable sites had the ability to recover more 

rapidly from a disturbance, and in turn how that relates to the eigenvalue meas

urements for each of the sites used in Chapter 9 as a measure of local stability. 

MATERIALS AND METHODS 

The disturbance field experiment was conducted between 4 February 1989 and 8 

April 1989 at Kowai River, Whitewater Stream (both unstable streams), Porter 

River and Grasmere Stream (both stable streams). No substrate movement (i.e., 

movement of the fifteen coloured stones) was recorded between these dates and 
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it appeared to be a very stable period at all four sites (see Chapter 2). Water tem

perature, depth and current velocity recorded at these four sites during the course 

of the experiment are given in Table 12.1. 

Baskets measuring 30 cm by 15 cm by 10 cm deep, and with 1.25 cm mesh sides 

were filled with cobbles from the upper bank region of a nearby stream. The 

cobbles were washed and each basket was filled with five large stones (longest 

diameter 7-10 cm), and a shovel full of cobbles between 2 and 7 cm diameter. The 

baskets were buried in the stream beds in a stratified random arrangement (Le., 

the three treatments were placed randomly across the stream) with their rims 

level with the surrounding bed substrata. 

A third of the baskets (i.e., 4 per stream) were disturbed each week for nine 

consecutive weeks (ONE week treatments). This was done by lifting a basket 

from the substrate (but not out of the stream), shaking it vigorously for 30 sec

onds, and then replacing it. Another four baskets in each stream were given this 

treatment every third week for nine weeks (THREE week treatments), and the 

remaining baskets were left undisturbed (UNDISTURBED treatments). I col

lected animals dislodged by the shaking procedure on week three of the experi

ment from half the baskets in each stream (i.e., 4 per stream), by holding a net 

downstream during the disturbance. Between 62 and 86% of the animals calcu

lated to be in a basket at that time (inferred by interpolating back from the total 

number of animals collected upon completion of the experiment) were removed 

during the disturbance. 

Table 12.1. Mean current velocity, depth and temperature (with ranges in parentheses) recorded at 
weekly intervals in Kawai River, Whitewater Stream, Porter River and Grasmere Stream during the 
disturbance experiment (4 February to 9 April 1989). Current velocity was measured with a Pygmy 
Gurley current meter 10 cm above the stream bed. 

Site Temperature Depth Current velocity 
°C cm cm S·l 

UNSTABLE SITES 
Kawai River 11.4 24 65 

(10-19) (21-30) (33-108) 
Whitewater Stream 13.7 16 46 

(8-20) (9-22) (24-73) 

STABLE SITES 
Porter River 9.2 19 65 

(8-11) (16-24) (50-88) 
Cirasmere Stream 13.1 16 80 

(10-19) (6-24) (52-97) 
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At the end of the nine week period, all baskets were lifted into a net (mesh size 

= 250 }lm) held immediately downstream and returned to the laboratory. I also 

collected four benthic samples from each stream at the same time to act as "con

trols". This was achieved by placing a 30 cm by 15 cm quadrat (the same area as 

the baskets) randomly on the stream bed, disturbing the substrate to a depth of 10 

cm and collecting the dislodged animals in a net (250 pm mesh) held downstream. 

All samples were preserved in 10% formalin. One stone from each of the baskets 

and four from the surrounding substratum were also removed for measurement of 
periphyton biomass (as described in Chapter 3). 

In the laboratory, the cobbles were washed and removed from the remainder 

of each sample. Organic material including invertebrates in samples from Kowai 

River and Whitewater Stream were then separated by floatation in a saturated 

solution of CaCI2, and the remaining fine inorganic sediment was searched for 

cased caddisflies and molluscs. Floatation was not used for the samples from the 

other two streams which lacked large amounts of fine inorganic sediment. Ani
mals were removed from samples as in Chapter 4 and identified to the lowest 

possible level. For Kowai River and Porter River samples counts of animals that 

passed through 500 pm sieve and were present in densities greater than 200 were 

obtained by subsampling with a bipartite subsampler. Only animals that were 
retained by a 500 fm mesh sieve were considered in samples from Whitewater 

Stream and Grasmere Stream. Differences in the relative abundances of taxa 

between the > 500 fm and < 500 fm fractions of the Porter River sample were 

small and as comparisons in this study were either of relative abundances or be

tween treatments within each stream, increasing the size limit of animals sorted at 

Whitewater Stream and Grasmere Stream was reasoned to have no effect on the 

analysis or interpretation of results. 

Sediments removed from the baskets were separated with sieves into seven 

size categories based on Cummins (1962). These were: cobbles (> 10 mm and < 
20 mm), very very coarse sand (> 2 mm and < 10 mm), very coarse sand (> 1 mm 

and < 2 mm), coarse sand (> 500 fm and < 1 mm), medium sand (> 250 pm and 

< 500 pm), fine sand (> 125 fm and < 250 pm) and very fine sand (> 20}lm and 

< 125 fm). Sediments were dried to a constant weight at 66°C, and ashed at 

550°C for 6 hours, the difference in weight before and after ashing gave a measure 
of the organic content of the sediment fraction. 

ANALYSIS 

Effects of Disturbance on Community Structure 

Treatment effects were examined with the analysis of variance procedures of SAS 
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(1985). Total numbers of invertebrates, periphyton biomass and Berger-Parker 

dominance index values were log (x+ 1) transformed prior to analysis to eliminate 

any variance heterogeneity. Overall community structure was examined with the 

detrended correspondence analysis (DECORANA) procedure of the PC-ORD 

multivariate statistical package (McCune, 1987). Data were log (x+ 1) trans

formed prior to analysis. The SAS (1985) stepwise regression procedure was used 

to examine the relationship between DECORANA axes and variables associated 

with the treatment effects. 

Community Recovery 

Colonisation models were fitted to the data using the nonlinear least squares 

procedure of the SOLO statistical package (Hintz, 1988); significance of fit was 

tested as outlined by Bates & Watts (1988). 

Simulation of random colonisation and disturbance of each of the baskets was 

performed using a Turbo BASIC program which I wrote (Appendix II). One 

hundred trials were run for each site. 

RESULTS 

Effects of Disturbance on Community Structure 

Periphyton (i.e., pigment concentration) biomass recorded on stones in the treat

ment baskets and on the stream bed are plotted in Fig. 12.1. A steady decrease in 

periphyton biomass was found as disturbance frequency increased. Treatment 

responses were significantly different (F = 10.16, df = 3,52, P < 0.05), with both 

stable and unstable sites showing similar patterns (F = 0.91, df = 3,52, P > 0.05). 

Stream bed "control" samples contained substantially fewer invertebrates than 

any of the treatment baskets (approximately half the number that were in the 

ONE week baskets). In retrospect, this is probably not surprising, as the quadrat 

samples were collected in a manner very similar to a disturbance and I now know 

this does not remove all the animals from the substrate. "Controls" are conse

quently not considered further. 

Total numbers of invertebrates and taxa collected in treatment baskets are 

plotted in Figures 12.2 and 12.3, respectively. Both the number of individuals and 

the number of taxa increased as disturbance frequency decreased. The number of 

individuals collected in the baskets was significantly different between the treat

rnents (F = 22.61, df = 2,39, P < 0.05), with a significant difference between the 
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Figure 12.1. Mean concentration of total pigment (chlorophyll a and phaeopigment) (± 1 SE) on 
stones in baskets disturbed every week (ONE), every three weeks (THREE), left undisturbed 
(UNDIST.) and on the unenclosed stream bed. 
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Figure 12.2. Mean number of individuals (± 1 SE) collected in baskets disturbed every week (ONE), 
every three weeks (THREE) and left undisturbed (UNDIST.). 
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Figure 12.3. Mean number of taxa (± 1 SE) collected in baskets disturbed every week (ONE), every 
three weeks (THREE) and left undisturbed (UNDIST.). 

ONE ~eek disturbance treatments and the other two treatments, which did not 

differ from each other. A similar pattern was observed at both stable and un

stable sites (F = 0.25, df = 2,39, P > 0.05). The number of taxa recorded was also 

significantly different between treatments (F = 26.47, df = 2,39, P < 0.05), how

ever, the effect of each treatment on the number of taxa differed between stable 

and unstable sites (F = 3.85, df = 1,39, P < 0.05). The unstable sites exhibited a 

steady increase in species number across all three treatments, whereas a large 

increase was found at the stable sites between the ONE and THREE week distur

bance regimes, and a very small difference between the THREE week and no 

disturbance treatments. 

I also examined patterns in the two components of diversity with Margalefs 

index (species richness) and the Berger-Parker dominance index (species even

ness). Results are plotted in Fig. 12.4 (Margalefs index) and Fig. 12.5 (Berger

Parker dominance index). Margalefs index increased significantly as disturbance 

frequency decreased (F = 23.14, df = 2,39, P < 0.05), although the pattern dif

fered in stable and unstable streams (F = 10.30, df = 2,39, P < 0.05). The un-
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Figure 12.4. Mean values of Margalefs Index (± 1 SE) for the fauna collected in baskets disturbed 
every week (ONE), every three weeks (THREE) and left undisturbed (UNDIST.). 
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Figure 12.5. Mean values of the Berger-Parker Dominance Index (± 1 SE) for the fauna collected 
in baskets disturbed every week (ONE), every three weeks (THREE) and left undisturbed (UN
DIST.). 
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stable sites showed a marked increase in species richness across the treatments, 
but at the stable sites increases were very small. The Berger-Parker dominance 
index did not change significantly across disturbance treatments (F = 0.31, 
df = 2,39, P > 0.05). Dominance declined at Kowai River and Grasmere Stream 
as disturbance frequency decreased, but it increased at Whitewater Stream and 
Porter River. 

Relative abundances of the five most abundant taxa in each of the disturbance 
treatments are plotted in Fig. 12.6. No marked changes were seen at the unstable 
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Figure 12.6. Relative abundance of the top five taxa collected in baskets disturbed every week (ONE), 
every three weeks (THREE) and left undisturbed (UNDIST.), at Kowai River (A), Whitewater 
Stream (B), Porter River (C) and Grasmere Stream (D). 
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sites, except for an increase in the relative abundance of Slavina sp. in the less 

disturbed baskets at Kowai River. Both stable sites, however, show a marked 

increase in the dominance of two taxa (harpactacoid Copepoda at Porter River 

andAoteapsyche colonica at Grasmere Stream) as time since the last disturbance 

increased, and a concomitant decrease in the relative abundance of other species. 

Overall community structure was examined with DECORANA and a plot of 

axis one against axis two is given in Fig. 12.7. In general, the baskets representing 

each treatment in a particular stream occur closest to each other. The ONE week 

disturbance treatments are grouped together at the far right or left of axis one, the 
THREE week treatments occur in the centre and the UNDISTURBED treat

ments are grouped at the opposite end of this axis to the ONE week treatments. 

It should be noted that several factors in addition to disturbance effects per se, 

also changed with the treatments and it may be that these led to some of the dif

ferences in community structure observed between disturbance treatments. 

Thus, periphyton biomass increased and the amount of organic and inorganic 

particulate matter associated with the substrates in each basket also increased 
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Figure 12.7. Plot ofDECORANA axis one against axis two for baskets disturbed every week (.), every 
three weeks (A) and left undisturbed (e). 
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with decreasing disturbance frequency (Fig. 12.8). I therefore carried out a step
wise regression analysis of axis one, two and three against disturbance frequency, 

basket position, periphyton biomass, each size component of the organic and 

inorganic particulates, and the combined size fractions of both the organic and 
inorganic particulates, to evaluate whether disturbance per se was affecting com
munity structure or whether the effect was mediated through secondary factors. 
Each site had different variables associated with each of its DECORANA axes 

(Table 12.2), however, disturbance frequency and quantity of organic particulates 

(particularly fine material) were both commonly associated with community 
structure. 

Community Recovery 

As mentioned in Chapter 8, there are two ways in which a community can "sur

vive" a disturbance; it can either resist the disturbance or recover from its effect. 

Most available evidence suggests that stream invertebrate communities recover 

from, rather than resist disturbances (see references Chapter 9). However, this 
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Figure 12.8. Mean weight of organic (open bars) and inorganic (filled bars) sediments (± 1 SE) 
present in baskets disturbed every week (ONE), every three weeks (THREE) and left undisturbed 
(UNDIST.). 
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Table 12.2. Stepwise regression results for DECORANA axes one, two and three against a variety 
of measurements associated with the disturbance treatments (see main text) . Variables were added 
and removed from the model at a probability level of 0.05. Axes not listed had no significantly cor
related variables. 

Variable Parameter Partial Model 
entered estimate ,2 ,2 

KOWAIRIVER 
AXIS ONE 
Intercept 99.73 

Very fine organics -191.40 0.72 0.72 

AXIS TWO 
Intercept 2.38 

Periphyton biomass 29.27 0.56 0.56 

WHITEWATER STREAM 
AXIS ONE 
Intercept 3.88 

Disturbance treatment 7.56 0.93 0.93 
Periphyton biomass 4.17 0.03 0.96 

AXIS TWO 
Intercept 5.31 

Cobble organics 17.13 0.47 0.47 

PORTER RIVER 
AXIS ONE 
Intercept 78.19 

Fine organics -114.58 0.74 0.74 
Disturbance treatment -3.07 0.14 0.88 

AXIS THREE 
Intercept 5.31 

Coarse organics -52.28 0.72 0.72 

GRAS MERE STREAM 
AXIS ONE 
Intercept 2.46 

Coarse organics 240.07 0.69 0.69 

does not mean that some invertebrate species are unable to resist some distur
bances; in fact it seems likely that some are well adapted for doing so. This con
tention is supported by my findings that not all animals were removed from bas
kets by my "relatively severe" disturbances. 

The accrual of animals into the baskets can therefore be seen as a combina
tion of recolonisation since the last disturbance and the accumulation of some 
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species that were able to survive at least some of the disturbances. If the densities 
of individuals and taxa are plotted against the time available for recolonisation 
since the last disturbance (Le., one, three and nine weeks) (Fig. 12.9 and Fig. 
12.10, respectively) it is apparent that recolonisation was the major component of 
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Figure 12.9. Mean number of individuals (± 1 SE) present in each of the treatment baskets as a 
function of time since the last disturbance. 
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Figure 12.10. Mean number of taxa (± 1 SE) present in each of the treatment baskets as a function 
of time since the last disturbance. 
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community (re-) construction. Accumulation of individuals capable of surviving 

disturbances should have been approximately constant in all three treatments, 

and no increases or very small increases in densities across treatments would have 

been observed if it were of primary importance. Although, trade-offs between an 

ability to survive disturbances and competitive ability may have had some bearing 

on the outcome. 

It is possible to fit models to these curves (Sheldon, 1977, 1984) (they are often 

termed colonisation curves, although in this case they are strictly speaking not 

purely colonisation curves as they also include accrual of animals that survive 

disturbances). The two principal models often fitted to such data are a power 

function of the form: 

Nt = atb 

where Nt is the population at time t, 

and a and b are constants; 

and a negative exponential function of the form: 

Nt = kim. (1-e-mt) 

where Nt is as above 

and k and m are constants. 

F values denoting the significance of fit of these models to the "colonisation" 

curves are given in Table 12.3. The "colonisation" curve for the total number of 

individuals was modelled by both equations at all the sites except Grasmere 

Stream, where the power function did not fit. However, the negative exponential 
function was a better fit (Le., the F value was smaller) for both the stable sites and 
Whitewater Stream (although in the latter the difference was small). In contrast, 
Kowai River was modelled better by the power function. "Colonisation" curves 
for numbers of taxa were only modelled satisfactorily by the power function at the 

Table 12.3. F values testing whether the difference in "colonisation" curves for Kowai River, White
water Stream, Porter River and Grasmere Stream, and two proposed models (Nt = atb and Nt = kj 
m . (1_e-mt) ) were significant. Significant differences (P < 0.05, df = 2,12) tire marked with an *. 

UNSTABLE SITES 
KowaiRiver 
Whitewater Stream 

STABLE SITES 
Porter River 
Grasmere Stream 

Totals 
Nt = atb Nt = kim. 

0.003 
0.305 

2.218 
5.471 * 

(1-e-mt) 

0.046 
0.166 

0.067 
1.065 

Taxa 
Nt = atb Nt = kim. 

0.170 
0.104 

1.799 
1.062 

(1-e-mt) 

3.186* 
8.771 * 

0.353 
0.972 
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two unstable sites, and although both models fitted data for the stable sites they 

were modelled better by the negative exponential function. 

It is apparent from these curves that as time available for recolonisation in

creases (i.e., time since the last disturbance) the number of taxa and individuals 

increases. However, the rate of increase slows with time and densities could be 

expected to eventually reach a plateau, presumably at predisturbance (or "equi

librium") levels. It is not possible to express overall community structure as a 

single number, however, if community structure was also returning to predistur

bance conditions one would expect to find a greater difference between commu
nities (which can be measured) in the ONE week and THREE week treatments 

than that between the THREE week and UNDISTURBED treatments. 

Relative Euclidean distances between communities that developed under the 

different disturbance regimes did not appear to support this hypothesis, and only 

Whitewater Stream exhibited a consistent decline in relative Euclidean distance 

between the communities in the different treatments (Fig. 12.11). However, it 
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Figure 12.11. Relative Euclidean distance between communities for each of the experimental treat
ments. 
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must be remembered that the differences have had varying lengths of time to 

develop, with one, three and nine weeks for recolonisation in each of the ONE, 

THREE and UNDISTURBED treatments, respectively. Thus, the THREE 

week treatment had only two weeks longer .than the ONE week treatment for 

recolonisation, whereas the UNDISTURBED treatment had six weeks longer 

than the THREE week treatment. The mean rate of change over this period of 

recolonisation is therefore the difference between the communities divided by 

the time that that difference has had to develop. Rate of community change is 

plotted against the mid point of the time interval available for recolonisation (the 

mean rate of change over the time period is the instantaneous rate of change at 

the mid point of the time period) in Fig. 12.12. A marked decline in the rate of 

change is apparent as time since the last disturbance increases. 
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Figure 12.12. Rate of community change as a function of the mid-point of the time available for 
recolonisation. 
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The rate of change should approach zero when community structure ap

proaches the conditions found prior to the disturbance. The time taken for this to 

happen is a measure of the resilience of each of the communities. Analysis of 

covariance of the curves on a log-log plot reveals that the rate of change de

creased with time since the last disturbance (F = 45.26, df = 1,7, P < 0.05, 

r2 = 0.87), but neither the slopes (F = 0.06, df = 3,4, P > 0.05) nor the y-intercepts 

were significantly different between sites (F = 0.33, df = 3,7, P > 0.05). That is, 

all the communities are returning to predisturbance levels at the same rate. 

This is q~ite surprising given that the most stable stream, Porter River, accu

mulated between four and seven times as many invertebrates as the less stable 

sites. As the disturbances were conducted in patches of the stream bed, it is likely 

that the rate of recolonisation was directly proportional to the number of colo

nists available in the surrounding substrate. Thus, although the more stable sites 

need to accumulate considerably more invertebrates to return to predisturbance 

densities, the larger pool of colonists present around the baskets may have facili

tated this. To test this hypothesis I modelled the colonisation and disturbance of 

each basket in an identical fashion to that in the field experiment, but with distur

bance and colonisation occurring randomly within the baskets; and compared the 

results with the outcome of the actual field experiment. Colonists were drawn 

randomly from a pool of individuals that comprised the maximum density at

tained by each of the species in any of the baskets (it must be possible for that 

number of animals to colonise and survive on a basket of this size at some point in 

time). The percentage of animals removed by the disturbance events was set at 

73.93% (the mean of the experimental results). 

The mean relative Euclidean distance between randomly constructed commu

nities and differences obtained between communities in the field experiment are 

plotted in Fig. 12.13. The differences obtained between real communities were 5-

65 times higher than those values recorded between randomly constructed com

munities. Interestingly, values recorded in the experiment at Porter River (the 

most stable site) were about 50 times greater than those for its randomly con

structed communities whereas at the unstable sites differences were much 

smaller. Thus, although none of these communities could be attributed entirely 

to chance colonisation the smaller differences between real and random commu

nities at the unstable sites suggests it played a greater role in restructuring com

munities at these sites than it did at Porter River. 
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Figure 12.13. Relative Euclidean distance between experimental treatments for real communities 
(open bars) and randomly constructed communities (fIlled bars) (± 1 SD). 

DISCUSSION 

Effects of Disturbance on Comm1:lnity Structure 

The finding that both the total number of invertebrates and the number of taxa 

declined with increasing disturbance frequency supports the conclusions of Chap

ter 5 that more stable sites have higher numbers of species and invertebrates 

because they rarely experience major disturbances. However, as in the main 

study, periphyton biomass was also reduced by increased disturbances and it is 

therefore unclear whether the lower densities at the unstable sites were primarily 

the result of disturbance per se or whether they were a consequence of distur

bances to this food base. 

Other experimental studies of disturbances in running waters (e.g., Clifford, 

1982; Reice, 1984, 1985; Malmqvist & Otto, 1987; Robinson & Minshall, 1986; 

Doeg et at., 1989; Lake et at., 1989) have found that disturbances reduce the total 
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number of invertebrates, although not all showed that the number of taxa were 

reduced (Reice, 1984, 1985). Experimental studies of the effects of disturbance 

frequency fall into two categories depending on exactly how the experimenter 

defines disturbance frequency, or more correctly, how they believe disturbance 

frequency affects the stream biota. If disturbance frequency is considered to be 

having an effect because it decreases the time for recolonisation since the last 

disturbance, then experiments are usually conducted, as in this study, so that dif

ferent disturbance frequencies are applied to experimental units over a set period 

of time. This style of experiment has been performed by Robinson & Minshall 

(1986), who like me found that numbers of invertebrates and taxa declined as 

disturbance frequency increased. However, when the effect of disturbance 

frequency per se was examined, by Lake et at. (1989) (who disturbed patches of 

stream substrate with different frequencies and then monitored the recolonisa

tion of all the patches for the same length of time), disturbance frequency was 

found to have no effect on community structure. 

My experiment provided no support for the observation (Chapter 6) that the 

faunas at very stable and unstable sites were dominated numerically by one or two 

taxa, whereas the faunas at sites of intermediate stability were much more even. 

Instead, changes in the relative abundances of taxa with respect to disturbance 

frequency differed between sites regardless of their stability, some (e.g., Porter 

River) showing increased dominance with decreasing disturbance frequency, 

while others (e.g., Kowai River) showed the reverse. However, colonisation of ex

perimental patches was not complete at the end of the nine week period so exclu

sion of any inferior competitors may not have begun to take effect. Similarly, I 

found no support for the existence of an initially colonising fauna that was eventu

ally replaced by more slowly colonising, but competitively superior species as 

proposed by the intermediate disturbance hypothesis (Petraitis et at., 1989). No 

species that colonised the more recently disturbed baskets showed any obvious 

decline in abundance in the less disturbed baskets, although at Porter River and 

Grasmere Stream some species (e.g., harpactacoid Copepoda and Aoteapsyche 

colonica) were very slow to colonise, but became increasingly abundant in the 

undisturbed baskets. Again however, nine weeks may not have been long enough 

for such changes to occur, or become apparent. 

Community Recovery 

Although not all animals were removed by my artificial disturbance of the bas

kets, my results strongly suggest that the principal mechanism enabling the persis-
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tence of these communities in the face of small scale physical disturbances is re

colonisation, rather than resistance to the disturbance. That different models 

provided better fits to the "colonisation" curves for the stable and unstable sites, 

appears to reflect the more rapid accrual of taxa and individuals at the more 

stable sites, probably because of the larger pool of available colonists in the sur

rounding substrate. Thus, the negative exponential model, which provided the 

best fit at the stable sites, approached a plateau (presumably at the carrying ca

pacity of the baskets) more rapidly than the power function, which fitted the data 

better at the unstable sites. Sheldon (1977) found that both models fitted his data 

for the colonisation of gravel filled trays in a single stream, while Gore (1979) 

only fitted the power function, but found that it modelled successfully his data for 

recolonisation of a reclaimed river channel. However, as I could find no reports 

of studies that have included comparisons of colonisation curves in streams of 

differing stability it is difficult to know whether this is a difference peculiar to 

these streams or whether stream stability does in fact have an effect on recoloni

sation dynamics. 

While the number of taxa and individuals recover more rapidly (or at least 

build up more rapidly) at the stable sites, the rate of change in overall community 

structure was very similar in all four streams. This appears to contradict my find

ings, based on the eigenvalue analysis, reported in Chapter 9 that communities at 

the more unstable sites should be more resilient. It could be argued that the scale 

of my experiments may not be appropriate for examining the resilience of these 

communities. Minshall (1988) claimed that experiments on community recovery 

in streams should be conducted with whole stream disturbances, however while a 

flood may disturb an entire stream, most spates appear to disturb the substrate 

patchily, particularly with respect to substrate size (Doeg et al., 1989 and personal 

observations). Therefore given the scale at which most spates affect the stream 

bed, it would seem that substrate patches (as used in this study) are appropriate 

units for studies of most physical disturbances experienced by these benthic com

munities. Furthermore, the eigenvalue analysis refers to local stability conditions 

(i.e., the effect of small disturbances) and although it is difficult to relate mathe

matical definitions to the real world, my experimental disturbances would cer

tainly appear to be small. 

The observation that cOinmunities at the unstable sites had eigenvalues in

dicative of more resilient communities, was made however by ignoring a number 

of eigenvalues that indicated that the communities were not stable in the first 

place (i.e., they would never recover fully from a disturbance). This is clearly not 

the case, the communities in these streams did recover quickly from disturbances, 



Chapter 12: Patch Disturbance Experiment 180 

at least at the scale of this experiment. It seems more likely that the concept of 

local stability (as assessed with the eigenvalues) is not an appropriate measure of 

resilience for these communities, either because of their open nature and/or their 

patchy distribution (see Chapter 9 for a discussion). 

Recolonisation of substrate patches following my disturbances could not be 

explained by simple random accumulation of individuals from the pool of avail

able colonists. Some taxa such as Deleatidium andAustrosimulium were quick to 

arrive in recently disturbed patches, whereas others such as harpactacoid Cope

poda and Aoteapsyche colonica were slower to colonise but gradually became 

more dominant, although densities of the initial colonists were not reduced as a 

result. However, exactly what factors may have led to these deviations from 

simple random accumulation are still unknown. 

In summary, the apparently less complex communities that exist at the un

stable sites do not have a greater ability to recover from disturbances at the scale 

of my substrate baskets, than the more complex communities at the stable sites. 

Rather, all the communities in these streams appeared to have an inherent ability 

to cope with disturbances of this nature, and it may be that the stream environ

ment in general places constraints on benthic communities, independently of the 

stability of those streams, which in turn enables the communities to recover rap

idly from disturbances of this kind (such as the drift of colonists and/or food re

sources downstream to disturbed areas). The persistence of the communities in 

the face of these patch disturbances was dominated by recolonisation, although 

this was not the result of simple random accumulation of individuals. 



CHAPTER 13 

FOOD WEB CHARACTERISTICS 

" ... Food web analyses of lotic communities are clearly daunting 

in their complexity ... II 

Power et at., 1988 
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INTRODUCTION 

Since Cohen (1978) re-introduced the concept of food webs into the ecological 

literature (the ecological significance of food webs was originally introduced in 

the 1920's by Charles Elton (Elton, 1927», food web studies have become a small 

growth industry (Lawton, 1989). The majority of these studies have involved 

analysis and re-analysis of various sized subsets of 113 webs that have been com

piled from a wide range of sources of ecological literature, although more re

cently there has been a trend towards collecting new data (e.g., Pimm & Kitching, 

1987; Warren, 1989; Winemiller, 1990). 

The compiled food webs (Briand & Cohen, 1987) comprise a diverse array of 

taxa, differ markedly in sampling and taxonomic precision, and were recorded 

over a wide range of temporal and spatial scales (Warren, 1989). However, the 

underlying structure of these food webs appears to conform to a number of regu

larities (Cohen, 1978; Pimm, 1982; Lawton & Warren, 1988; Lawton, 1989). 

These include a lack of loops where species A eats species B eats species C eats 

species A (Pimm, 1982; Pimm & Lawton, 1983), food chains are typically.short 

(Elton, 1927; Hutchinson, 1959; Pimm & Lawton, 1977; Pimm, 1982), and there is 

a hyperbolic decrease in connectance (defined as the number of realised links, 

divided by the number of possible links) as species number increases (Rejmanek 

& Stary, 1979; Y odzis, 1980; Pimm, 1982; Cohen e( at., 1985). Furthermore, the 

proportion of top, intermediate and basal species present is relatively constant 

and independent of the total number of species (Briand & Cohen, 1984; Cohen & 

Briand, 1984), and the ratio of predator species to prey species is roughly constant 

(Cohen, 1977, 1978; Jeffries & Lawton, 1985). The proportion of links between 

basal, intermediate and top species is also independent of species number (Cohen 

& Briand, 1984). Omnivores are relatively rare (Pimm & Lawton, 1978, 1983; 

Pimm, 1982), although webs of insects and parasitoids often have abundant and 

complex omnivory (Pimm & Lawton, 1978, 1983; Pimm, 1982). Finally, food 

webs tend to be "interval" (Cohen, 1977, 1978, 1983) such that overlap in prey use 

by predators can be expressed in one dimension. A variety of hypotheses have 

been put forward to explain many of these patterns (for reviews see Pimm, 1982; 

Lawton, 1989). 

The specific nature of the habitat has been shown to influence both overall 

food web structure (Briand, 1983, 1985) and specific characteristics of the web, 

for example, food chains appear to be shorter in "two-dimensional" habitats (e.g., 

grassland) than in "three-dimensional" ones (e.g., lakes) (Briand & Cohen, 1987). 

Environmental variability has also been shown to affect food web structure; 
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food webs from "constant" environments have proportionally more links between 

basal and top species than webs from "fluctuating" environments, and show 

greater variance in many of the web components (e.g., proportion of top, interme

diate and basal species) (Briand & Cohen, 1984; Cohen & Briand, 1984). Con

nectance also appears to be lower in "fluctuating" environments (Briand, 1983; 

Cohen et at., 1985) where food chains are typically shorter (Briand & Cohen, 

1987). However, these generalizations have been derived from food webs taken 

from a wide range of habitats, and are therefore confounded by both the influence 

of habitat structure and the subjective assessment of environmental variability 

(based on the impressions of the original authors who drew up the webs) (Lawton, 

1989). When Briand & Cohen (1987) factored out the influence of habitat struc

ture they found "constant" environments did not support markedly longer food 

chains, although sample sizes were so small when this was done that no firm con

clusions could be drawn. 

In this chapter, I examine the characteristics of the food webs collected at each 

of my study sites on five separate occasions. It was therefore possible to examine 

changes in web characteristics along a continuum of decreasing environmental 

stability while removing the confounding influence of habitat differences encoun

tered in the studies of Briand (1983, 1985) and Briand & Cohen (1987). 

While food web studies and food web theory may have developed into a 

"growth industry", stream ecologists have generally avoided this theoretically ori

entated approach to studies of trophic organisation (but see Hildrew et al., 1985), 

in favour of examining functional feeding group organisation. Initially proposed 

by Cummins (1973) this approach has been bolstered by the river continuum 

concept (Vannote et al., 1980) and the controversy surrounding its general appli

cability (Winterbourn et al., 1981; Townsend & Hildrew, 1984; Lake et al., 1985). 

Thus a number of authors have examined spatial and temporal patterns in the 

functional feeding group organisation of stream invertebrate communities (e.g., 

Hawkins & Sedell, 1981; Dudgeon, 1984; Marchant et al., 1985; Bunn, 1986). I 

have therefore also examined functional feeding group organisation of the inver

tebrate communities present at each of my sites and related it to differences in the 

environmental stability of those sites. 

MATERIALS AND METHODS 

Compilation of Food Webs 

The samples of invertebrates collected at each site on five separate sampling 

occasions (see Chapter 4) formed the basis of the food webs. Taxa were not 



ISH 

Chapter 13: Food Web Characteristics 184 

lumped into trophic species, but considered at the same taxonomic level consid

ered in the rest of the study. If invertebrates were represented by only one indi

vidual in these collections they were removed from the web construction. This 

was done to maintain consistency with the analysis in Chapter 9, and because such 

rare species are unlikely to have a significant impact on food web structure. 

The presence of vertebrate predators in the webs was assessed by electrofish

ing each of the study sites in October 1990, and by the chance collection of fish 

whenever the opportunity arose on other sampling occasions. The fish collected 

by electro fishing and other methods during the course of the study are listed in 

Table 13.1. Fish were assumed to be present throughout the course of the study 

(i.e., if they were collected at a site they occurred in the webs at that site on all five 

sampling occasions). 

Feeding links were assessed by a variety of methods including examination of 

the available literature, personal observations and gut analysis. Links were not 

included unless there was strong evidence to suggest they exist. However, if a link 

was recorded it was assumed to exist whenever those two species occurred to

gether. Thus the webs could be considered maximally connected, although only 

trophic links were included (competitive links are considered in Chapter 9). 

The guts of most of the fish collected (i.e., all those big enough) were exam

ined (Appendix IV). Eight publications that reported on the diets of the fish 

species collected, and 23 publications that reported on the diets of the inverte

brates collected were also considered. The majority of these studies were con

ducted in the general geographical area of my study and several were conducted 

at or near my actual study sites. Many were conducted over several seasons and 

reported little or no seasonal change in diet of the species considered. They sug

gest that seasonal changes in dietary links of many animals are unlikely to occur 

unless food items are not present at a particular site in particular seasons. Web 

Table 13.1. Fish collected by electrofishing at all study sites in October 1990, and incidentally (in 
parentheses) during the course of the study. 

UNSTABLE SITES STABLE SITES 

Kowai Whitewater Dry Craigieburn Bruce Porter Slip Cora Middle Grasmere Lake 
River Stream Stream Cutting Stream River Spring Lynn Bush Stream Grasmere 

Stream Stream Stream 

IIguilla dieffenbachi - - - - - - - - - 9 (5) - (1) 
~alaxias brevipinnis 2 (1) - - - - 1 - 1 (1) - 1 -
~alaxias vulgaris 1 (2) 3 (1) - (2) - 1 - - 14 - - -
'alaxias paucispondylus - - - (1) - 6 7 - - - - -
'obiomorphus breviceps - 2 - - - - - - - - 17 (4) 
lImo trutta - - - - - 1 (4) 12 - - 1 2 
llcorhynchus mykiss - 2 - - - 1 - - - - -
OTAL 3 (6) 7 (8) -(3) - 7 10 (14) 12 15 (16) - 11 (16) 19 (24) 
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construction from a seasonal perspective, but based on pooled dietary informa

tion thus seems to be a reasonable procedure. 

The guts of all taxa collected at Kowai River (number of taxa (S) = 28), Porter 

River (S = 49), Whitewater Stream (S = 37) and Grasmere Stream (S = 44) in 

the October 1987 sample were examined. Any other taxa for which there were 

insufficient records of gut contents in the literature, and for which there were 

more than a few individuals were also examined. The guts of ten individuals of 

each taxon (or all individuals if fewer than ten were collected) were teased out, 

dispersed for 45-60 seconds in an ultrasonic cleaner and filtered on to a 0.45 pm 

Millipore filter. Filters were mounted on slides with lactophenol-PVA stained 

with Lignin Pink and allowed to clear for a minimum of seven days at 37°C. The 

slides were then examined under 450x magnification with a phase contrast micro

scope, and food items present anywhere on the filter surface were recorded. Indi

viduals representing different size groups of common taxa were considered sepa

rately. 

The results of my gut analyses were consistent with records of gut contents for 

these taxa in the literature. Not unexpectedly, there were differences in the rela

tive abundance of many food categories between sites and between size groups 

for many taxa, however, the presence or absence of food categories did not ap

pear to differ between sites or between most size groups (where applicable). Site 

and size group differences, at least in the presence of dietary links (the strength of 

these links is probably a different story), therefore appear to be minimal and are 

probably largely a consequence of certain food items being present or absent at a 

particular site. Web construction from a spatial perspective (i.e., site differences) 

based on the pooled dietary information therefore also appears to be a realistic 

procedure. 

Other sources of dietary information included personal observations of M.J. 

Winterbourn, my own observations in the field, some laboratory trials and a pre

liminary serelogical investigation of the diet of Neppia montana (unpublished 

data). Despite all these sources, seven taxa remain for which there is little or no 

New Zealand information. These are Staphylinidae, Ceratopogonidae, Not

hodixa sp., Stratiomyidae, Limnophora sp., Thaumaleidae and Psychodidae. They 

were assigned diets based on information in Merritt & Cummins (1984) and/or 

references therein. 

All possible food chains present at a site were constructed using a Turbo 

BASIC program which I wrote and the food web characteristics recorded from 

these. 
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Definitions 

Species and linkage definitions follow those of Pimm (1982), Cohen & Briand 

(1984) and Briand & Cohen (1984); that is, top species are those that feed on 

others but are not fed upon, intermediate species are fed on and feed upon others, 

and basal species are those that are fed upon but do not feed on others. An 

"omnivore" is defined as a species that feeds on more than one level in the food 

chain (Pimm, 1982). As predator-prey ratios have been calculated in two distinct 

ways by other workers, both techniques were used. Cohen's (Cohen, 1977, 1978) 

ratio defines "predators" as species that consume others, thus animals that feed 

upon others and are themselves fed upon are counted twice, once as "predators" 

and once as "prey". Jeffries & Lawton (1985), in contrast, restricted their ratio to 

invertebrates, thus "prey" species are detritivores, herbivores and fungivores and 

"predators" eat "prey". Those animals that were predominantly carnivorous were 

considered to be "predators". 

Functional Feeding Groups 

Functional feeding group analysis was conducted using only the invertebrate data 

(Appendix I). Any species with a density lower then 1 per 0.1 m2 was excluded 

from the analysis to maintain consistency with the food web analysis. Functional 

feeding categories were designated based on modifications made by Cowie (1980) 

to Cummins (1973) original four categories (Le., shredders, collector-gatherers, 

scrapers and predators). Thus seven categories were recognised: collector / 

browsers (an amalgamation of Cummins' collector-gatherer and scraper groups), 

filterers, shredders, predators, piercers (e.g., Nematoda), parasites, and non-feed

ing organisms ( e.g., pupae). 

Statistical Analysis 

Regression analysis was carried out using the GLM procedure of SAS (1985). 

Multivariate ordination of food web characteristics (see results) was carried out 

using the PCord statistical package (McCune, 1987). What environmental, bio

logical or stability characteristics these axes corresponded to was then assessed 

with the stepwise regression and Pearson product moment correlation procedures 

of SAS (1985). Stepwise regression was carried out using 26 biological, chemical, 

physical and stability measurements as listed in Table 13.7. Spot measurements 

are those made at the time of collection, or in the month prior to the collection of 
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samples. The critical probability for addition and removal of variables to the 

model was set at 0.05. The same variables were used in the correlation analysis. 

A similar procedure was carried out for the number of species, number of 

individuals and the relative abundance of each of the six functional feeding group 

categories, although the latter two were log (x+ 1) transformed prior to analysis. 

RESULTS 

Food Web Characteristics 

The average, coefficient of variation, and range for the mean, maximum and 

modal food chain length are listed in Table 13.2. The mean, maximum and modal 

food chain length are also plotted against overall (multivariate) stability in Fig. 

13.1. All three showed a significant decrease with a decrease in stability 

(F = 11.76, df = 1,49, P < 0.05, r2 = 0.33; F = 113.41, df = 1,49, P < 0.05, 

r2 = 0.37;andF = 11.79,df= 1,49,P < 0.05,r2 = 0.30 for average, maximum and 

modal chain length, respectively). 

The average, coefficient of variation and range of each of the five trophic cate

gories (basal species, herbivores, top species, intermediate species and omni

vores) as a fraction of the total species, collected at each of the sites, is recorded in 

Table 13.3. These are plotted against total species number in Fig. 13.2 and the 

results of the regression analyses of these are plots listed in Table 13.4. All five 

showed significant trends. Fraction of basal species and fraction of top species 

decreased as species number increased, whereas fraction of intermediate species, 

herbivores and omnivores increased. 

The relationship between the fraction of each of these categories and overall 

(multivariate) stability are plotted in Fig. 13.3 with the results of the regression 

analyses given in Table 13.4. Again, the basal and intermediate species exhibit 

the strongest patterns. The fraction of basal species increases as stability de

creases and the fraction of intermediate species and herbivores decreases. The 

fractions of top species and omnivores show no significant trends with stability. 

The total number of food web links is plotted against species number in Fig. 

13.4. This increased significantly (F = 179.36, df = 1,53, P < 0.05, r2 = 0.77) as 

species number increased. The ratio of links to species number as a function of 

overall stability is plotted in Fig. 13.5. This exhibited a significant decrease with a 

decrease in stability (F = 18.81, df = 1,49, P < 0.05, r2 = 0.43). 

The average proportion of each of the component link types (top-basal, top

intermediate, intermediate-intermediate and intermediate-basal) are listed in 



Sites 

Chapter 13: Food Web Characteristics 188 

Table 13.2. Averages, coefficients of variation and ranges for mean, maximum and modal food 
chain length, connectance, complexity and the predator-prey ratios of both Cohen and Jeffries & 
Lawton, for food webs collected at each of my study between October 1987 and October 1988. 

Food chain length Predator/prey ratio 

Average Maximum Mode Connectance Complexity Cohen's Jeffries & Lawton's 
ratio ratio 

UNSTABLE SITES 
Kowai River 3.906 5 4 0.275 7.962 0.908 0.249 

8.95 14.14 0 6.75 17.21 8.52 42.22 
(3.47-4.43) (4-6) (4-4) (0.25-0.29) (6.17-9.31) (0.80-1.00) (0.12-0.38) 

Whitewater Stream 4.365 6 4.4 0.288 9.023 1.047 0.248 
14.12 20.41 20.33 12.72 24.25 15.34 68.63 

(3.39-4.94) (4-7) (3-5) (0.23-0.34) (5.29-10.94) (0.80-1.24) (0-0.47) 
Dry Stream 3.823 4.6 3.8 0.243 8.307 0.993 0.295 

14.53 19.44 11.77 13.88 27.06 12.95 61.55 
(2.85-4.17) (3-5) (3-4) (0.20-0.28) (4.78-10.21 ) (0.77-1.10) (0-0.43) 

Craigiebum Cutting 
Stream 3.092 4 3.2 0.242 5.604 0.930 0.278 

25.89 35.36 34.23 15.93 44.54 25.52 37.70 
(2.00-3.72) (2-5) (2-4) (0.20-0.30) (2.25-7.84) (0.63-1.13) (0.14-0.36) 

Bruce Stream 2.962 3.6 2.8 0.296 4.249 0.815 0.090 
12.33 15.22 15.97 23.52 40.28 18.13 106.55 

(2.36-3.26) (3-4) (2-3) (0.20-0.38) (2.20-5.71) (0.67-1.00) (0-0.22) 

STABLE SITES 
Porter River 4.229 5.8 4.2 0.217 12.083 1.135 0.350 

6.82 14.43 10.65 5.28 8.63 6.04 16.12 
(3.89-4.59) (5-7) (4-5) (0.20-0.23) (10.34-13.13) (1.03-1.20) (0.27-0.42) 

Slip Spring 3.747 5 3.8 0.202 9.850 1.125 0.428 
2.82 0 11.77 6.11 15.07 4.88 7.68 

(3.58-3.83) (5-5) (3-4) (0.19-0.22) (7.30-11.04) (1.03-1.18) (0.38-0.47) 
Cora Lynn Stream 3.812 5.4 3.8 0.186 8.826 1.015 0.214 

19.76 28.09 22.02 6.87 27.63 9.73 50.48 
(3.01-4.70) (4-7) (3-5) (0.17-0.20) (6.07-11.42) (0.88-1.12) (0.11-0.36) 

Middle Bush 
Stream 3.673 5 4 0.172 6.591 1.025 0.209 

2.02 0 0 15.30 7.51 3.16 15.45 
(3.59-3.77) (5-5) (4-4) (0.15-0.22) (5.90-7.14) (0.97-1.06) (0.17-0.25) 

Grasmere Stream 4.514 6.4 4.4 0.229 10.669 1.078 0.281 

Lake Grasmere 

7.94 8.56 12.45 11.70 15.17 8.45 42.01 
(3.99-4.88) (6-7) (4-5) (0.19-0.26) (8.56-12.43) (1.00-1.22) (0.18-0.46) 

5.186 8 5.2 0.225 10.986 1.120 0.300 
5.10 8.84 8.6 5.09 11.37 7.23 29.15 

(4.84-5.57) (7-9) (5-6) (0.21-0.24) (9.74-12.87) (1.03-1.21) (0.20-0.41) 

Table 13.5. These are plotted against total number of species in Fig. 13.6, and the 

results of regression analyses of these plots recorded in Table 13.6. The fraction 

of top-basal and intermediate-intermediate links were the only two to show sig

nificant trends (although top-intermediate and intermediate-basal links also 

showed significant decreases if one outlier web (Craigieburn winter sample) was 

removed from the analysis (F = 19.71, df = 1,52, P < 0.05, ,2 = 0.27 for both 

plots). The fraction of top-basal links decreased as species number increased and 

the fraction of intermediate-intermediate links increased. The fraction of each of 

the trophic links are plotted against overall stability in Fig. 13.7 and the regression 

analyses for these plots are recorded in Table 13.6. All showed significant trends, 

although they were not particularly strong. The fraction of top-basal, top-inter-
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Figure 13.1. Average, maximum and modal food chain length as a function of overall stability 
(multivariate stability score). Plotted values are averages for the seasonal measures ± 1 SE. Re
gression analysis was performed including seasonal comparisons to yield the following equations: 
average chain length = 3.95 - 0.51(stability score),?- = 0.33; maximum chain length = 5.57 -
1.12(stability score),?- = 0.37 and modal chain length = 4.03 - 0.57(stability score),?- = 0.30. 
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Table 13.3. Mean, coefficient of variation and range for the proportion of each of the five trophic 
categories collected at my study sites between October 1987 and October 1988. 

Sites Prol1ortion of 
Basal species Herbivores Top species Intermediate Omnivores 

species 

UNSTABLE SITES 
KowaiRiver 0.274 0.527 0.131 0.578 0.199 

15.94 10.50 40.84 12.25 21.07 
(0.22-0.33) (0.48-0.61) (0.08-0.21) (0.50-0.69) (0.14-0.24) 

Whitewater Stream 0.210 0.542 0.156 0.634 0.216 
33.97 6.61 28.09 16.90 19.90 

(0.16-0.33) (0.50-0.59) (0.10-0.22) (0.44-0.70) (0.17-0.27) 
Dry Stream 0.229 0.548 0.142 0.629 0.193 

16.94 11.89 28.37 11.92 35.36 
(0.20-0.29) (0.48-0.63) (0.11-0.21) (0.50-0.68) (0.08-0.25) 

Craigieburn Cutting 
Stream 0.238 0.594 0.363 0.399 0.116 

60.21 14.87 35.04 66.84 94.06 
(0.13-0.44) (0.44-0.66) (0.25-0.56) (0.00-0.61) (0.00-0.23) 

Bruce Stream 0.350 0.438 0.265 0.386 0.140 
34.05 29.04 45.82 53.85 39.09 

(0.24~0.50) (0.25-0.55) (0.14-0.45) (0.09-0.57) (0.09-0.21) 

STABLE SITES 
Porter River 0.170 0.559 0.197 0.633 0.221 

13.51 2.59 10.27 4.83 17.43 
(0.15-0.21) (0.54-0.57) (0.17-0.22) (0.58-0.66) (0.19-0.27) 

Slip Spring 0.171 0.563 0.222 0.607 0.149 
13.55 2.39 6.72 3.37 13.79 

(0.15-0.21) (0.55-0.58) (0.21-0.24) (0.58-0.62) (0.11-0.16) 
Cora Lynn Stream 0.172 0.644 0.234 0.594 0.169 

21.00 6.60 20.43 14.16 38.30 
(0.13-0.23) (0.58-0.69) (0.18-0.30) (0.47-0.68) (0.10-0.25) 

Middle Bush 
Stream 0.129 0.721 0.301 0.570 0.150 

11.17 2.85 13.25 7.09 13.04 
(0.12-0.15) (0.69-0.74) (0.26-0.37) (0.51-0.62) (0.13-0.17) 

Grasmere Stream 0.172 0.598 0.128 0.699 0.208 
7.27 7.11 14.28 2.20 23.25 

(0.15-0.19) (0.54-0.64) (0.11-0.15) (0.68-0.72) (0.14-0.26) 
Lake Grasmere 0.152 0.603 0.197 0.651 0.208 

10.11 4.76 5.69 1.81 21.92 
(0.13-0.17) (0.56-0.64) (0.18-0.21) (0.64-0.67) (0.13-0.24) 

mediate and intermediate-basal all increased with a decrease in stability, whereas 

the fraction of intermediate-intermediate decreased. 

Connectance is plotted against total number of species in Fig. 13.8. It showed 

a significant decrease as the number of species increased (F = 25.23, df = 1,53, P 

< 0.05, r2 = 0.32), and a significant increase (Fig. 13.9) as overall stability de

creased (F = 33.98, df = 1,49, P < 0.05, r2 = 0.42). However, complexity (meas

ured as connectance x total number of species) showed a significant decrease 
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Figure 13.2. Fraction of basal species (A), herbivores (B), top species (C), intermediate species (D) 
and omnivores (E) as a function of the total number of species. Regression analyses for these rela
tionships are given in Table 13.4. Stable sites have solid symbols: Porter River (.), Slip Spring (+), 
Cora LYlln Stream (.t.), Middle Bush Stream ('9"), Grasmere Stream C+) and Lake Grasmere (II). 
Unstable sites have open symbols: Kowai River (0), Whitewater Stream (A), Dry Stream (D), 
Craigieburn Cutting Stream ('\7) and Bruce Stream (0). 
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Table 13.4. Results of regression analysis of the fraction of each of five trophic categories against 
total number of species and overall (multivariate) stability. Significance levels are indicated by *** 
P < 0.001, ** P < 0.01, * P < 0.05, n.s. P > 0.05. 

Fvalue df P r2 Equation 

Regression against 
species number 

Basal species 92.15 1,53 *** 0.63 Y = 0.391 - 0.005x 
Herbivores 14.01 1,53 *** 0.21 Y = 0.467 + 0.003x 
Top species 7.10 1,53 * 0.12 Y = 0.298 - 0.002x 
Intermed. species 53.75 1,53 *** 0.50 y = 0.304 + 0.007x 
Omnivores 16.64 1,53 *** 0.24 Y = 0.097 + 0.002x 

Regression against 
overall stability 

Basal species 57.99 1,49 *** 0.62 Y = 0.161 + 0.098x 
Herbivores 22.87 1,49 *** 0.33 Y = 0.652 - 0.083x 
Top species 0.20 1,49 n.s. 0.08 
Intermed. species 10.46 1,49 ** 0.34 Y = 0.579 - 0.092x 
Omnivores 0.59 1,49 n.s. 0.32 

(Fig. 13.10) as stability decreased (F = 28.26, df = 1,49, P < 0.05, r2 = 0.48). 

The regression of number of predator species as a function of prey species 

(Fig. 13.11) was significant using the criteria of either Cohen (1977, 1978) or Jef

fries & Lawton (1985) (F = 1304.26, df = 1,53, P < 0.05, r2 = 0.96 and F = 84.00, 

df = 1,53, P < 0.05, r2 = 0.61, respectively). Both predator/prey ratios also 

showed a significant decrease (Fig. 13.12) with a decrease in stability (F = 43.45, 

df = 1,49, P < 0.05, r2 = 0.61 and F = 17.30, df = 1,49, P < 0.05, r2 = 0.44). 

Principal components analysis of the main food web characteristics (these 

included average, maximum and modal food chain length, fraction of top, inter

mediate and basal links, complexity (number of species x connectance), fractions 

of each of the five principal trophic categories, and Cohen's predator/prey ratio 

(following the categories used by Briand (1985» produced three principal axes 

that accounted for 72.08% (axis 1), 11.86% (axis 2) and 7.33% (axis 3) of the vari

ation in the data. Axis 1 is plotted against axis 2 in Fig. 13.13. Correlations of 

each of these axes with 26 physical, biological, chemical and stability characteris

tics are listed in Table 13.7. Axis 1 was positively correlated with several stability 

parameters and negatively correlated with epilithic carbon concentration. Step

wise regression analysis (Table 13.8) consequently yielded spot stone movement 

measures and epilithic carbon concentration as important predictors of this axis 
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Figure 13.3. Fraction of basal species (A), herbivores (B), top species (C), intermediate species (D) 
and omnivores (E) as a function of overall (multivariate) stability. Plotted values are averages for 
each of the seasonal measures ± 1 SE. Regression analysis was performed including seasonal 
comparisons, the results of which are given in Table 13.4. 
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Figure 13.5. Ratio of number of links to species number, as a function of overall stability. Plotted 
values are averages for the seasonal ratios ± 1 SE. Regression analysis was performed including 
seasonal comparisons to yield the equation, loglO(ratio) = 1.50 - 0.45(stability score),? = 0.43. 
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Table 13.5. Average, coefficient of variation and range (in parentheses) for the proportion of top
basal, top-intermediate, intermediate-intermediate and intermediate-basal trophic links in food 
webs collected at my study sites between October 1987 and October 1988. 

Sites Pro12ortion of links 
Top- Top- Intermed.- Intermed.-
Basal Intermed. Intermed. Basal 

UNSTABLE SITES 
KowaiRiver 0.009 0.339 0.313 0.339 

80.40 10.15 24.04 10.15 
(0.003-0.02) (0.29-0.38) (0.21-0.42) (0.29-0.38) 

Whitewater Stream 0.009 0.298 0.396 0.298 
155.33 17.65 30.08 17.65 

(0.001-0.03) (0.25-0.38) (0.20-0.49) (0.25-0.38) 
Dry Stream 0.019 0.350 0.281 0.350 

169.37 18.06 56.65 18.06 
(0.003-0.08) (0.31-0.46) (0.00-0.37) (0.31-0.46) 

Craigieburn Cutting 
Stream 0.285 0.276 0.162 0.276 

149.36 56.16 91.39 56.16 
(0.02-1.00) (0.00-0.36) (0.00-0.28) (0.00-0.36) 

Bruce Stream 0.123 0.404 0.069 0.404 
·156.24 19.87 99.03 19.87 

(0.01-0.47) (0.27-0.47) (0.00-0.14) (0.27-0.47) 

STABLE SITES 
Porter River 0.003 0.309 0.380 0.309 

54.44 8.56 14.24 8.56 
(0.001-0.01) (0.28-0.34) (0.31-0.44) (0.28-0.34) 

Slip Spring 0.007 0.357 0.278 0.357 
52.76 3.29 9.37 3.29 

(0.004-0.01) (0.35-0.37) (0.24-0.30) (0.35-0.37) 
Cora Lynn Stream 0.019 0.358 0.265 0.358 

122.78 22.42 68.02 22.42 
(0.002-0.06) (0.27-0.44) (0.06-0.46) (0.27-0.44) 

Middle Bush 
Stream 0.030 0.344 0.282 0.344 

26.93 3.48 7.41 3.48 
(0.02-0.04) (0.33-0.36) (0.26-0.31) (0.33-0.36) 

Grasmere Stream 0.002 0.285 0.428 0.285 
68.71 10.24 13.97 10.24 

(0.001-0.004) (0.26-0.33) (0.34-0.49) (0.26-0.33) 
Lake Grasmere 0.002 0.238 0.522 0.238 

48.36 6.05 5.63 6.05 
(0.001-0.003) (0.22-0.26) (0.48-0.56) (0.22-0.26) 

with a total r2 of 0.53. Stepwise regression analysis of these variables with axis 2 

yielded current variation, mean depth (both negative relationships) and stone 

associated particulate organic matter (POM) (a positive relationship) as the 

strongest predictors of axis 2 scores. This axis seems to represent a separation of 

the forest sites from the rest, as these streams were relatively small and had large 

amounts of POM amongst the substrate. 

I also performed this analysis using each of the component link types (i.e., top-
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Figure 13.6. Fraction of top-basal (A), top-intermediate (B), intermediate-intermediate (C) and 
intermediate-basal (D) trophic links as a function of total species number. The regression analyses 
for these relationships are given in Table 13.6. Stable sites have solid symbols: Porter River (.), Slip 
Spring (+), Cora Lynn Stream (4), Middle Bush Stream (v), Grasmere Stream (+) and Lake 
Grasmere (a). Unstable sites have open symbols: Kawai River (0), Whitewater Stream (~), Dry 
Stream (D), Craigieburn Cutting Stream (v) and Bruce Stream (0). 

Table 13.6. Results of regression analysis of the fraction of different trophic links against total 
number of species and overall (multivariate) stability. Significance levels are indicated by *** P < 
0.001, ** P < 0.01, * P < 0.05, n.s. P > 0.05. 

Links Fvalue df P r2 Equation 

Regression against 
species number 

Top-Basal 17.52 1,53 *** 0.25 Y = 0.254 - 0.005x 
Top-Intermediate 2.97 1,53 n.s. 0.05 
Intermed. -Inter. 60.52 1,53 *** 0.53 Y = 0.008x 
Intermed.-Basal 2.97 1,53 n.s. 0.05 

Regression against 
overall stability 

Top-Basal 8.74 1,49 ** 0.33 Y = 0.415 loglO(X) - 1.959 
Top-Intermediate 5.02 1,49 * 0.13 Y = 0.313 + 0.038x 
Intermed. -Inter. 15.07 1,49 *** 0.37 Y = 0.315 - 0.114x 
Intermed.-Basal 5.02 1,49 * 0.13 Y = 0.313 + 0.038x 
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Figure 13.7. Fraction of top-basal (A), top-intermediate (B), intermediate-intermediate (C) and 
intermediate-basal (D) trophic links as a function of overall stability. Plotted values are averages 
for each of the seasonal measures ± 1 SE. Regression analyses were performed including seasonal 
comparisons, the results of which are given in Table 13.6. 
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Figure l3.8. Connectance plotted as a function of total number of species. Connectance = 0.31-
0.002(species number),,2 = 0.32. Stable sites have solid symbols: Porter River (0), Slip Spring (+), 
Cora Lynn Stream (A), Middle Bush Stream (v), Grasmere Stream (+) and Lake Grasmere (II). 
Unstable sites have open symbols: Kowai River (0), Whitewater Stream (.6.), Dry Stream (D), 
Craigieburn Cutting Stream (v) and Bruce Stream (¢). 
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Figure 13.9. Connectance as a function of overall stability. Plotted values are averages for each of 
the seasonal measures ± 1 SE. Regression analysis was performed including seasonal comparisons 
to yield the equation, connectance = 0.17 + 0.05(stability),?- = 0.42. 
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Figure 13.10. Complexity (connectance x species number) as a function of overall stability. Plotted 
values are averages for each of the seasonal measures ± 1 SE. Regression analysis was performed 
including seasonal comparisons to yield the equation, complexity = 9.25 - 2.62(stability),?- = 0.48. 
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Figure 13.11. Number of predator species (as defined by Cohen (1977, 1978) (A) and Jeffries & 
Lawton (1985) (B» as a function of the number of prey species. Equation A: predator species 
number = 1.23(prey species number) - 5.30, ,2 = 0.96; equation B: predator species number = 
0.35Cprey species number) - 1.27,,2 = 0.61. Stable sites have solid symbols: Porter River Cft), Slip 
Spring C+), Cora Lynn Stream (A), Middle Bush Stream (v), Grasmere Stream (+) and Lake 
Grasmere (III). Unstable sites have open symbols: Kowai River (0), Whitewater Stream (A), Dry 
Stream (0), Craigieburn Cutting Stream (v) and Bruce Stream (0). 
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Figure 13.12. Ratio of number of predator species to prey species (as defined by Cohen (1977, 
1978) (A) and Jeffries & Lawton (1985) (B», as a function of overall stability. Plotted values are 
averages for each of the seasonal measures ± 1 SE. Regression analysis was performed including 
seasonal comparisons to yield the equations A: ratio = 1.05 - 0.15(stability score),,2 = 0.61, B: ratio 
= 0.26 - 0.10(stability score),,2 = 0.44. 
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Figure 13.13. Principal axis two as a function of principal axis one for the combined food web char
acteristics. Stable sites have solid symbols: Porter River (ft), Slip Spring (+), Cora Lynn Stream (A), 
Middle Bush Stream (v), Grasmere Stream C+) and Lake Grasmere Co). Unstable sites have open 
symbols: KowaiRiver (0), Whitewater Stream (L:I.), Dry Stream (0), Craigieburn Cutting Stream (v) 
and Bruce Stream (<». 
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Table 13.7. Correlation (r) of principal axes one, two and three, from the principal components 
analysis of a number of food web characteristics, with a variety of biological, hydrological and 
chemical parameters. * indicates significant correlations at P = 0.05. 

Physicochemicalj Axis Axis Axis 
Biological one two three 
parameter 

BIOLOGICAL 
Epilithic pigment conc. -0.34* 0.15 0.22 
Epilithic carbon conc. -0.55* 0.10 0.37* 
CoarsePOM -0.02 0.34·* -0.17 
FinePOM 0.14 0.11 -0.02 
TotalPOM 0.02 0.35* -0.16 
Stone POM -0.14 0.61 * 0.16 

CHEMICAL 
Spot conductivity -0.21 0.08 -0.12 
Spot pH -0.27* 0.10 0.17 
Mean Conductivity -0.08 0.39* -0.05 
Mean pH -0.33* 0.08 0.10 
Mean alkalinity -0.17 0.41 * 0.02 

PHYSICAL 
Spot current velocity 0.30* -0.27* -0.27* 
Spot depth 0.09 -0.37* 0.06 
Spot temperature -0.37* -0.11 0.21 
Mean current velocity 0.13 -0.55* -0.28* 
Mean depth -0.08 -0.61 * 0.08 
Mean temperature -0.36* -0.43* 0.14 

STABILITY 
Spot temperature range -0.03 -0.34* -0.09 
Mean temperature range 0.08 -0.48* -0.10 
Current variation 0.25 -0.65* -0.38* 
Depth variation 0.34* -0.55* -0.15 
Spot stone movement 0.57* -0.48* -0.07 
Mean stone movement 0.47* -0.53* -0.24 
Pfankuch bottom component 0.51 * -0.30* -0.30* 
Tractive force 0.46* 0.14 -0.32* 
Overall stability 0.43* -0.57* -0.30* 

basal, top-intermediate) instead of the broader groupings of top, intermediate 

and basal link types. A plot of axis 2 against axis 1 is given in Fig. 13.14. Axis 1 

showed a similar pattern to that in the analysis above such that stability and epil

ithic carbon concentration decreased as the axis scores increased. However, axis 
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Table 13.8. Stepwise regression results for principal axes one, two and three from the principal 
components analysis of food web structure, against 26 biological, physicochemical and stability 
measurements. Variables were added and removed from the model at a probability level of 0.05. 

Variable Parameter Partial Model 
entered estimate r2 r2 

PRINCIPAL AXIS ONE 
Intercept 0.83 

Spot stone movement 0.01 0.33 0.33 
Mean temperature -0.08 0.16 0.49 
Epilithic carbon conc. -0.01 0.04 0.53 

PRINCIPAL AXIS TWO 
Intercept 0.16 

Current variability -0.004 0.43 0.43 
Stone POM 0.01 0.13 0.56 
Mean depth -0.01 0.07 0.63 

PRINCIPAL AXIS THREE 
Intercept 0.21 

Current variability -0.01 0.14 0.14 
Mean depth 0.01 0.09 0.23 
Mean alkalinity -0.01 0.07 0.30 
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PRINCIPAL AXIS ONE 
Figure 13.14. Principal axis two as a function of principal axis one for the combined food web char
acteristics, but with trophic link categories top, basal and intermediate replaced by specific link 
types (e.g. top-basal, top-intermediate). Stable sites have solid symbols: Porter River (e), Slip 
Spring (+), Cora Lynn Stream (.6.), Middle Bush Stream (v), Grasmere Stream (+) and Lake 
Grasmere (II). Unstable sites have open symbols: Kowai River (0), Whitewater Stream (fl.), Dry 
Stream (D), Craigieburn Cutting Stream ('<7) and Bruce Stream (0). 
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2 seemed to represent a gradation from the Lake shore food webs to the stable 

stream food webs. 

Functional Feeding Group Characteristics 

The mean relative abundance of functional feeding groups at each of the sites is 

plotted in Fig. 13.15. All sites were strongly dominated by collector/browsers (60-

90%). Principal components axes 1 and 2 for number of species, total numbers of 

invertebrates and relative abundance of each of these functional feeding groups is 

plotted in Fig. 13.16, and the variables evaluated as the best predictors of these 

axes by stepwise regression analysis are listed in Table 13.9. For both species 

number and total numbers, axis 1 seemed to correspond to stability and/or epil

ithic biomass (both variables are closely linked). However, this is probably more 

indicative of the fact that overall, species number and total numbers decreased as 

stability and/ or epilithic biomass decreased, not that there wa.s any trend in func

tional feeding categories with these variables. 

This is borne out by the analysis of the relative abundances of each of these 
categories (Fig. 13.16) which yielded no clear patterns except that the two forest 
sites were separated from the rest. Both these sites had proportionally more 
predators and filterers (principally Ostracoda). 
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Figure 13.15. Mean relative abundances of the functional feeding categories at each of the study 
sites. Collector/browsers (0), predators (II), fllterers (Illi), shredders (!III), piercers (Illl), parasites (f§l) 
and non feeding groups (~). 
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Figure 13.16.· Principal axis two as a function of principal axis one for species number, total num
bers and relative abundances of each of the six functional feeding categories. Stable sites have solid 
symbols: Porter River (e), Slip Spring (+), Cora Lynn Stream ( ... ), Middle Bush Stream (v), 
Grasmere Stream (+) and Lake Grasmere (Ill). Unstable sites have open symbols: Kowai River (0), 
Whitewater Stream (.6.), Dry Stream (D), Craigieburn Cutting Stream (v) and Bruce Stream (<». 
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Table 13.9. Stepwise regression results for principal axes one, two and three for number of species, 
total number of invertebrates and relative abundance of each of the six functional feeding groups 
against 26 biological, physicochemical and stability measurements. Variables were added and re
moved from the model at a probability level of 0.05. 

Variable Variable Parameter Partial Model 
entered removed estimate r2 r2 

NUMBER OF SPECIES 

PRINCIPAL AXIS ONE 
Intercept 0.19 

Spot stone movement 0.002 0.54 0.54 
Epilithic carbon conc. -0.01 0.14 0.68 
Stone POM -0.01 0.05 0.73 
Epilithic pigment conc. -0.01 0.02 0.75 
Spot conductivity -0.001 0.02 0.78 

PRINCIPAL AXIS TWO 
Intercept 0.08 

Epilithic pigment conc. -0.02 0.26 0.26 
Mean depth 0.16 0.42 
Mean alkalinity 0.01 0.07 0.49 
Pfankuch bottom component 0.03 0.06 0.55 
Overall stability -0.35 0.11 0.66 

Mean depth 0.001 0.65 
Mean pH -0.15 0.03 0.69 

PRINCIPAL AXIS THREE 
Intercept 0.08 

Mean depth -0.004 0.10 0.10 

NUMBER OF INDIVIDUALS 

PRINCIPAL AXIS ONE 
Intercept 0.28 

Epilithic carbon conc. -0.01 0.54 0.54 
Spot stone movement 0.002 0.18 0.72 
Mean current velocity -0.01 0.04 0.76 
Epilithic pigment conc. -0.02 0.05 0.81 
Stone POM -0.01 0.03 0.84 

, Spot current velocity 0.23 0.02 0.86 
Mean stone movement 0.002 0.02 0.88 

Table 13.9 (Continued on following page) 



Table 13.9. (Continued) 

PRINCIPAL AXIS TWO 
Intercept 

Mean depth 
Tractive force 
Spot pH 

PRINCIPAL AXIS THREE 
Intercept 

Mean temperature 
Epilithic pigment cone. 

RELATIVE ABUNDANCE 

PRINCIPAL AXIS ONE 
Intercept 

StonePOM 
Epilithic pigment cone. 
Depth variability 

PRINCIPAL AXIS TWO 
Intercept 

Mean current velocity 
Spot stone movement 
Mean temperature range 
Spot conductivity 

PRINCIPAL AXIS THREE 
Intercept 

Mean pH 
Tractive force 
FinePOM 
Mean depth 
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0.59 
0.01 

-0.002 
-0.08 

-0.33 
0.04 
-0.01 

-0.09 
-0.02 
0.03 
0.02 

0.36 
-0.004 
0.003 
-0.02 

-0.001 

1.73 
-0.23 
0.002 
-0.28 

-0.004 

0.22 
0.07 
0.07 

0.21 
0.10 

0.28 
0.11 
0.11 

0.20 
0.18 
0.12 
0.04 

0.24 
0.10 
0.07 
0.05 

0.22 
0.29 
0.36 

0.21 
0.31 

0.28 
0.39 
0.50 

0.20 
0.38 
0.51 
0.55 

0.24 
0.33 
0.40 
0.45 

There has been considerable interest recently in the relative impact of preda

tors on stream communities, with respect to the stability of stream environments, 

stimulated by Peckarsky's harsh-benign hypothesis (Peckarsky, 1983). I therefore 

also examined how predator numbers and relative abundance (predator species 

number is considered above) changed with the stability of the stream. Results are 

plotted against overall stability in Fig. 13.17. Total number of predators declined 

significantly as stability decreased (F = 132.25, dt = 1,49, P < 0.05, r2 = 0.77). 

However, this simply reflected a general decline in densities as the relative abun

dance of predators showed no trend as stability declined (F = 3.84, dt = 1,49, 

P > 0.05, r2 = 0.15). 
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Figure 13.17. Total number of predators (A) and relative abundance of predators (B) as a function 
of overall stability. Plotted values are averages for each of the seasonal measures ± 1 SE. Regres
sion analysis was performed including seasonal comparisons to yield the equation, loglO(total num
ber of predators) = 2.44 - 0.93(stability score),,2 = 0.77. 

DISCUSSION 

How then do the characteristics of these food webs compare with the patterns 

determined from the 113 food webs compiled from the literature? Modal food 

chain length, as in the compiled webs (Elton, 1927; Hutchinson, 1959; Pimm & 

Lawton, 1977; Pimm, 1982), was short with a range between two and six species 

(the published chains were typically three or four species long). The length of 

these chains exhibited a significant decrease as the stability of the site decreased. 

Briand & Cohen (1987) also found shorter chains in less stable habitats, although 

they were unable to convincingly factor out the influence of habitat dimension 

from their analysis. Kitching and Pimm in their work on "phytotelmata" commu-
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nities (Kitching, 1983; Kitching & Pimm, 1985; Pimm & Kitching, 1987) also offer 

some supporting evidence that shorter food chains occur in less stable habitats. 

Thus, Kitching (1983) found that food chains were longer in Australian than in 

.English tree holes, where leaf inputs were more constant and climatic fluctuations 

were less severe. Similarly, Kitching & Pimm (1985) concluded that "spatial and 

temporal uncertainty" were the major determinants of food chain length in a 

world-wide range of "phytotelmata" communities. In an experimental distur

bance of tree hole communities in Queensland they also found that species feed

ing higher in the food chains colonised more slowly (Pimm & Kitching, 1987), in

dicating that disturbances may limit food chain length. 

A number of explanations have been put forward to explain why food chains 

are typically short (Pimm, 1982; Kitching & Pimm, 1985; Lawton, 1989). The two 

dominant hypotheses are the energetic constraints and the dynamic constraints 

hypotheses. The energetic constraints hypothesis predicts that chains will typi

cally be short because of inefficient transfer of energy between links (Hutchinson, 

1959) such that an organism at say the 20th trophic level would theoretically re

quire an entire continent to support it (Slobodkin, 1961). Thus, food chains in less 

productive systems should be shorter. However, the evidence for and against this 

hypothesis is conflicting and not particularly convincing (Oksanen et at., 1981; 
Pimm, 1982). The dynamic constraints model is based on Latka-Volterra equa

tions and reasons that because long food chains will have mathematically longer 

return times from disturbance, they are less likely to exist in the real world (Pimm 

& Lawton, 1977). Unstable habitats will therefore be predicted to have shorter 

food chains (the evidence in support of this is given above). 

Another two less likely and untestable hypotheses are the size and design 

constraints hypothesis and evolutionary shortening (Pimm, 1982; Kitching & 

Pimm, 1985). The former predicts that because predators are generally larger 

than their prey, there are mechanical limits to the size an animal can become in 

order to feed higher up the chain and therefore limits to the number of possible 

links that can occur (Hutchinson, 1959). Evolutionary shortening predicts that 

because there is more energy available lower in the food chain, evolutionary pres

sure will be higher for animals to remain at these levels. Hastings & Conrad 

(1979) predicted this evolutionary pressure would lead to grazing food chains of 

length three. 

While my results suggest support for the dynamic constraints hypothesis, in 

that shorter food chains are found in the less stable streams, these streams also 

appear to be the less productive sites (Le., primary biomass is lower). Thus, my 

results could equally well support the energetic constraints model. 
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Although food chain lengths conformed nicely to previously observed pat

terns, the proportion of basal, intermediate and top species at my study sites did 

not, in that the fraction of each of these trophic categories changed markedly with 

the total number of species present in the web. Briand & Cohen (1984) and 

Cohen & Briand (1984), in contrast, found that the proportion of basal, interme

diate and top species was constant and independent of the total number of species 

in 62 published food webs. The difference appears to lie primarily in the basal 

and intermediate species groups. The regression of the fraction of top species 

against total number of species is a weak one (r2 = 0.12) and has a y-intercept of 

0.298, consistent with the 0.285 recorded by Briand & Cohen (1984). The overall 

means for the fraction of basal species and the fraction of intermediate species 

are 0.206 and 0.580, respectively and are remarkably similar to that recorded by 

Briand & Cohen (1984) of 0.190 and 0.525, respectively. However my ratios 

changed markedly as the total number of species present in a web increased. 

The changing relationship between species number and the proportion of 

each of the trophic categories, seems to lie in an interaction between the rela

tively constant number of basal species (despite changes in stability) and a de

crease in total species number in the less stable streams. Thus the fraction of total 

species attributed to basal species increased with decreasing stability and the frac

tion of intermediate species decreased proportionately (the fraction of top spe

cies did not appear to change). This may be a consequence of coarser taxonomic 

discrimination at the basal level (Le., groups such as diatoms and fungi as opposed 

to generic or species groups at higher levels), although for diatoms at least there 

did not appear to be a marked change in the number of genera as stability of the 

site changed (see Chapter 3). It is more likely to be a result of the generalized 

diets of many animals in New Zealand streams (Winterbournef aI., 1984; Winter

bourn, 1987), such that although stability of the stream may change, invertebrates 

remain predominantly collector/browsers, feeding on fine particulate organic 

material and diatoms. 

The number of predator species (as defined by both Cohen (1977, 1978) and 

Jeffries & Lawton (1985)) increased linearly as the number of prey species in

creased. Although the slope for the "Jeffries-Lawton" relationship was slightly 

higher (1.14) than the value they recorded (0.75), it was very similar (1.23) to that 

recorded by Cohen (1.33). However, although the ratios were roughly constant 

they both showed a significant decrease with stability. 

Cohen & Briand (1984) also found a constant proportion of each of the four 

categories of trophic links between basal, intermediate and top species as total 

number of species increases, although variation around this constant was large. I 
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found a constant proportion of top-intermediate and intermediate-basal links, but 

found a significant increase in intermediate-intermediate links and a decrease in 

top-basal links with increasing species number; however, both relationships 

showed large variations. This trend is also reflected in a decrease in intermedi

ate-intermediate links and an increase in the other link types as stability de

creased. A change in the relative proportion of trophic links with environmental 

stability is also in conflict with the findings of Cohen & Briand (1984) who re

corded proportionately more top-basal links in constant environments. However, 

the overall average proportion of linkage types in my data (0.046, 0.323, 0.307, 

0.323 for top-basal, top-intermediate, intermediate-intermediate and intermedi

ate-basal, respectively) were close to those recorded by Cohen & Briand (1984) 

(0.077, 0.348, 0.301 and 0.274, respectively). 

The total number of links in each of the food webs was proportional to the 

number of species as found by Cohen & Briand (1984), however, the relationship 

was a log linear one rather than the simple linear one they recorded. Cohen & 

Briand also claimed that the ratio of links to species would be higher in more 

constant environments, and this was borne out by my results. 

Connectance showed a linear decline with increasing species number, and 

partially supports the hyperbolic relationship found by a number of others 

(Rejmanek & Stary, 1979; Y odzis, 1980; Pimm, 1982; Cohen et at., 1985) although 

not all (Winemiller, 1989). However, connectance increased as environmental 

stability decreased, in direct contrast with the findings of others (Briand, 1983; 

Cohen et ai., 1985). While this may lead to instability of the community (mathe

matically speaking) it makes intuitive sense that the species which can survive in 

unstable habitats are those that have broader feeding habits. To maintain com

munity stability in these unstable habitats (all else being equal) would necessitate 

weaker average interactions between species in these communities and their prey, 

something that seems highly likely in an unstable environment. 

Given the significant changes in each of the components of these food webs 

with stability, it is not surprising that the principal underlying factor of overall 

food web structure is stability acting either directly or through its effect on the 

energetic base of the food web. Whether the site was open or forested also 

seemed to be important, although whether this was the result of a different food 

base or because no fish occurred at these sites is difficult to .say. 

Briand & Cohen (1984) and Cohen & Briand (1984) found that the food webs 

in constant environments were more variable than those in fluctuating environ

ments (e.g., in the proportions of links and species at various trophic levels). 

However, I found no evidence for this, and in fact the reverse may have been true 
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depending on what particular characteristic was considered. Many of the differ

ences between food webs in constant and fluctuating environments recorded in 

their studies seem more likely to have been a consequence of broad habitat differ

ences and the effects of them on environmental variability. They suggested that 

differences in food webs between fluctuating and constant environments reflected 

greater constraints on the trophic organisation of webs in fluctuating environ

ments. My data suggest the opposite, for example in the principal components 

analysis of overall food web structure (Fig. 13.13) the stable sites are all tightly 

grouped together, whereas the unstable sites are spread out on both axes. Simi

larly, connectance appeared to be greater under conditions of lower stability, 

indicating a structure that was more connected but where the connections may 

themselves have been weaker. 

As with food chain lengths, a number of hypotheses have been proposed to 

explain observed patterns in food web structure (for reviews see Pimm, 1982; 

Lawton & Warren, 1988; Lawton, 1989). Of these the two principal hypotheses 

are the Lotka-Volterra and cascade models. The former depends on tightly 

coupled reciprocal dynamics between species (Pimm, 1982; May, 1979; Lawton 

1989); for example, predators affect prey populations and vice versa. If webs are 

donor-controlled (i.e., prey populations affect predator populations but are not 

themselves affected by predator levels) or most links are weak, then Lotka-Vol

terra models will be poor predictors of food web structure (Warren, 1989). Strong 

interactions between aquatic invertebrates have been demonstrated (e.g., McAu

liffe, 1984a; Hart, 1985; Dudley et at., 1990), however, the generality of the occur

rence of such relationships is far from resolved (Reice, 1985). 

The other, very different explanation of food web structure, the cascade model 

(Cohen & Newman, 1985; Cohen et at., 1985; Cohen et at., 1986; Newman & 

Cohen, 1986), is a non-dynamic model in which species are arranged in a hierar

chy such that species can feed upon those below them in the hierarchy and are 

themselves fed on by those above. The cascade model appears to predict a num

ber of the reported patterns in the literature, however, the density of links per 

species must be fixed at observed levels before the cascade model yields the cor

rect results (Lawton, 1989). However, why the density of links per species should 

be constant is not addressed by the model, although one possible mechanism 

leading to the type of hierarchy required by the model is an ordering of species 

based on body size, such that species feed only on others smaller than themselves 

(Warren & Lawton, 1987; Cohen & Newman, 1988). This would appear to hold 

for my stream communities. 

The cascade model is more likely to explain food web structure in my streams 
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than are Lotka-Volterra models, however, I have not examined how specific pre

dictions of either model conforms with food web patterns recorded in my study 

communities. Warren (1989) also concluded that the cascade model was the most 

appropriate model for the food web structure of his pond invertebrate communi

ties, however, although some observed food web parameters were consistent with 

the predictions of the model others were not (e.g., food chain length). It may be 

that the patterns observed in these and other food webs are the result of a number 

of interacting factors and that no single explanation will prove sufficient (Lawton, 

1989). 

In contrast to the analysis of food web structure, investigation of invertebrate 

communities based on functional feeding group categories was not particularly 

enlightening. Habitat stability had little or no effect on feeding group structure, 

and the vast majority of invertebrates were collector/browsers at all these sites. 

This is in agreement with the picture that has emerged with respect to New Zea

land stream and river invertebrate communities in general (Winterbourn et a!., 

1984; Winterbourn, 1987; Quinn & Hickey, 1990a). Similarly, environmental 

stability had little effect on the relative abundance of invertebrate predators. 

Rather interestingly however, the two forest streams appeared to have markedly 

higher predator relative abundances, and it is intriguing to speculate that this was 

because these two sites were the only two without predatory fish. 
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The Greek philosopher Heraclitus described the dynamic nature of human life 

with an analogy "You cannot step twice into the same river" (Fuller, 1945). While 

this may be a valid description of human nature it is also an accurate description 

of the underlying character of lotic systems. This quote has been used several 

times in reviews oflotic ecology (e.g., Krumholz & Neff, 1970; Reshet aI., 1988) to 

emphasise the dynamic nature of the stream environment. Streams, probably 

more than most habitats, are firmly under the influence of both the surrounding 

environment (i.e., the catchment) and fluctuating weather patterns (Hynes, 1975; 

Power et al., 1988). Disturbances resulting from increases in discharge can be 

rapid and severe, and almost all natural streams, no matter how stable, will at 

some stage experience increased discharge. Some streams may also suffer envi

ronmental stresses from prolonged periods of low discharge or lack of flow (as in 

droughts). Stream habitats also seem particularly susceptible to anthropogenic 

disturbances such as afforestation and chemical runoff. The open nature of 

stream habitats accentuates these forces so that the effects of a disturbance in the 

headwaters may be felt many kilometres downstream. 

Disturbance is clearly a major environmental influence in many, if not all, 

streams (Power et at., 1988; Resh et al., 1988). Nevertheless, benthic communities 

can be both highly diverse, and at least in some circumstances, biologically struc

tured units (e.g., Allan, 1983; Hart, 1983; Gregory, 1983; McAuliffe, 1983). Al

though disturbances may have severe effects on stream biotas, most effects (of 

natural disturbances anyway) are transitory and faunas frequently regain their 

pre-disturbance states within months if not weeks (Siegfried & Knight, 1977; 

Fisher et al., 1982; Scrimgeour et aI., 1988) or even days (Boulton et aI., 1988; 

Doeg et aI., 1989). It seems that many stream invertebrates, through a combina

tion of evolutionary and ecological processes, are able to persist in what can be a 

very unstable environment. 

The fundamental mechanisms behind their ability to persist under such cir

cumstances, remain essentially unknown, however. Similarly, the prevalence and 

circumstances under which significant interactions occur among members of 

stream faunas are poorly understood and any possible links between these inter

actions and the ability to cope with disturbances does not appear to have been 

considered. This is somewhat surprising considering that main-stream ecology is 

embroiled in a debate over how communities may be structured to cope with dis

turbances (May, 1981; Pimm, 1982; Kikkawa, 1986; McNaughton, 1988; Walker, 

1989). 

In this study, I have addressed some of these points by examining community 

structure in streams of differing environmental stability, but otherwise similar 
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physicochemical nature. Epilithic periphyton biomass was considerably higher at 

the more stable sites, but the taxonomic composition of these periphyton commu

nities was more strongly influenced by riparian conditions (e.g., the light regime) 

than the stability of the site. Similarly, amounts of particulate organic material 

trapped within stream beds was determined primarily by the nature of the ripar

ian vegetation rather than bed stability. 

Invertebrate species richness and density were also markedly higher in the 

more stable streams. This did not appear to conform to the predictions of diver

sity hypotheses currently in vogue (e.g., the intermediate disturbance hypothesis 

(Ward & Stanford, 1983; Petraitis et al., 1989) and the dynamic equilibrium 

model (Huston, 1979; Resh et al., 1988». However, these models appear to be 

very sensitive to the scale at which processes that may be controlling diversity 

(such as competitive exclusion and predation) are acting and whether or not there 

are interactions between these processes and the productivity of the stream (pro

ductivity also appeared to be linked to environmental stability). Therefore, as 

both the scale at which predation or competitive exclusion may be acting, and the 

relationship between competition and productivity are essentially unknowns the 

hypotheses can not be entirely discounted. 

In fact, when species evenness is considered, a peak is found in streams of in

termediate stability. This is also reflected in the underlying species-abundance 

distributions. Thus, streams of both high and low stability had distributions mod

elled best by the log series distribution (Le., communities were numerically domi

nated by one or two species, with a large number of rare species), whereas com

munities at sites of intermediate stability had more even distributions of individu

als amongst their constituent species, and were modelled best by the log normal 

distribution. Seasonal variations in these patterns were large however, although 

this may be the result of seasonal changes in stability associated with increased 

rainfall in winter. 

The numerical dominance of a few species at sites of high and low stability 

may therefore provide some support for the above diversity hypotheses. The 

marked dominance of one or two species at the very stable sites may reflect their 

competitive superiority, such that they have eliminated other species from the 

majority of patches. However, species richness remained high at these sites be

cause these other species were able to survive in one or two patches, either be

cause microhabitat differences ameliorate competitive effects or because they 

continually move from patch to patch to prevent being "competitively ousted". 

Although it is also equally plausible that these species are numerically dominant 

simply because of their higher fecundity or because conditions are more to their 
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liking. Communities at the unstable sites were dominated by one or two species, 

presumably because they are better able to survive disturbance events, or because 

they are able to recolonise most rapidly following a disturbance (Gray, 1981a; 

Sagar, 1986; Scrimgeour & Winterbourn, 1989). 

Community composition was dominated by members of the same "common 

core" of taxa reported in a number of other New Zealand studies (e.g., Rounick & 

Winterbourn, 1982; Graesser, 1988; Quinn & Hickey, 1990a), although their rela-

. tive abundances differed markedly among sites. The taxonomic composition and 

relative abundance of species at a particular site seemed to be associated primar

ily with two factors; environmental stability and the intrinsic nature of the stream, 

that is, whether it was forested or open, lake shore or stream. Thus, although 

communities at the unstable sites had remarkably similar faunas, those at the 

stable sites had very different faunas which were characteristic of the particular 

conditions (e.g., springs, forest, grassland) at each site. Persistence of dominant 

taxa at all sites was relatively high, although overall it was higher at the more 

stable sites. In contrast, persistence of the entire fauna (both rare and common 

taxa) was high only at the stable sites. Similarly, seasonal variations in density and 

species numbers were higher at the unstable sites. 

The existence and relative constancy of the dominant taxa at even the very 

unstable sites, could be the result of faunas either surviving disturbances (resis

tance) or recovering from them (resilience). Results of my experimental work 

and those of other studies, both experimental (e.g., Reice, 1985; Robinson & 

Minshall, 1986; Doeg et ai., 1989; Lake et al., 1989) and observational (e.g., stud

ies of flood events, Siegfried & Knight, 1977; Fisher et ai., 1982; Scrimgeour et al., . 

1988), indicate that disturbances generally lead to an initial reduction in inverte

brate numbers, but that they subsequently recover quite rapidly (i.e., they have 

high resilience). 

As communities at unstable sites experience more disturbances than those at 

stable sites, it might be expected that the former would have a greater resilience. 

Communities at the unstable sites appear less complex, in that they consisted of 

fewer species, and therefore in line with current theory (May, 1981; Pimm, 1982; 

McNaughton, 1988; Walker, 1989) they might be expected to be more stable (Le., 

more resilient). Their local stability (that is their ability to recover from small 

disturbances) was assessed by examining the eigenvalues of their community 

matrices. When I did this, I found that all communities had eigenvalues outside 

the criterion for stability, but if these eigenvalues were ignored the communities 

at the unstable sites had eigenvalues indicative of greater resilience. However, 

faunal recovery rates measured in a small-scale field experiment did not differ 
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between stable and unstable streams. 

The finding that all the communities were unstable according to local stability 

criteria was unexpected, especially since faunal recovery on small substrate 

patches was definitely rapid. It seems likely therefore that local stability, as as

sessed by community matrix eigenvalues, is inappropriate in this context, either 

because of the very open nature of stream communities or because they are so 

patchily distributed. Rather, it seems that the invertebrate communities in all the 

study streams, irrespective of their stability, are able to recover quickly from natu

ral disturbances (of patches of the stream bed at least). Perhaps the dynamic 

nature of stream habitats in general places constraints on community structure, s.o 

that all benthic communities, irrespective of stream stability at any particular 

point in time, have the ability to recover from disturbances when they inevitably 

occur. 

This is not to say that these stream communities were unstructured entities, 

arising simply through the random accumulation of individuals, with the stable 

sites having more species and higher densities merely because there has been a 

longer time for colonisation since the last disturbance. Although the assemblages 

on stones at several of the unstable sites may have been the result of random colo

nisation by animals present in those streams, the stone assemblages at the stable 

sites appeared to be radically different from those that would accrue by simple 

accumulation of potential colonists. This interpretation was supported by the 

results of a similar random modelling exercise on data from a field experiment 

examining the effects of disturbance frequency. Differences in community struc

ture observed between assemblages experiencing increased frequency of distur

bance could not be explained by the simple accumulation of more individuals with 

increasing time since the last disturbance. A search for a mechanism (e.g., com

petition) by which the communities at the stable sites were structured (i.e., why 

they differ from those expected to occur by chance colonisation) was however 

unfruitful. An experimental study of the competitive interaction between a domi

nant grazer (Potamopyrgus anitpodarum) and the rest of the community produced 

equivocal results and an examination of spatial resource overlap gave no indica

tion of any partitioning of resource usage. 

Several aspects of the food webs defined in these communities were similar to 

those gleaned from the literature (see reviews by Lawton & Warren (1988) and 

Lawton (1989». Food chain length was significantly shorter at the more unstable 

sites, and both predator/prey ratios and the mean proportion of trophic species 

(i.e., top, basal and intermediate species) and trophic links were similar to those 

reported in the literature (e.g., Briand & Cohen, 1984; Cohen & Briand, 1984; 



Chapter 14: Synthesis 217 

Jeffries & Lawton, 1985). However, there were some notable differences, the 

first being that the fraction of trophic species that were basal and intermediate 

species declined and increased, respectively with increasing species number, 

whereas Briand & Cohen (1984) and Cohen & Briand (1984) found these to be 

constant. Secondly, connectance was higher in communities at the unstable sites 

whereas Briand (1983) and Cohen et at. (1985) found the opposite to be true, if 

one accepts their assessment of environmental stability. Thirdly, overall food web 

structure seemed more variable in the less stable streams in contrast to the con

clusions of Briand & Cohen (1984) and Cohen & Briand (1984) who reported the 

reverse. 

Some of the differences between my results and those of other studies may be 

attributed to the generalized diets of many animals in New Zealand streams 

(Winterbourn et at., 1984; Winterbourn, 1987). Analysis of my communities using 

functional feeding groups (the trophic categories typically examined in stream 

invertebrate studies) revealed that between 60 and 90% of the species and indi

viduals were collector/browsers that feed principally on epilithic algae and fine 

particulates. 

Some of these differences may also be attributed to the fact that the studies of 

Briand and Cohen on the effects of environmental stability were conducted in a 

wide range of environments. As habitat affects food web structure in its own right 

(Briand, 1983, 1985; Briand & Cohen, 1987), conclusions drawn from these stud

ies must be considered rather questionable (Lawton, 1989). Nevertheless, it is 

apparent from my study that when habitat differences are factored out, environ

mental stability has a marked effect on both overall food web structure and a 

number of its components (e.g., food chain length, connectance). However, 

whether this is primarily a consequence of environmental stability per se or a 

consequence of an associated decline in primary productivity and algal biomass 

with decreased stability remains unclear. 

In conclusion, it is apparent that environmental stability had a marked effect 

on many aspects of benthic community structure in the study streams, including 

epilithic algal biomass, invertebrate species diversity (both richness and even

ness), species-abundance patterns, persistence, and food web structure. Commu

nities on stones in the stable streams deviated more from those expected to occur 

by random colonisation than did those in the unstable streams, however the rea

sons for this difference are still unclear. Finally, although communities in the 

unstable streams appeared to be less complex (and had greater theoretical resil

ience) they did not appear to recover more quickly than communities at the stable 

sites. 
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APPENDIX I 

DENSITY DATA FOR ALL STUDY SITES 

Mean density (± 1 SE) per 0.1 m2, of invertebrates collected in the five seasonal 

samples and the overall average of these densities, at each of the study sites. Densities 

are calculated using the technique of Wrona et at. (1986) (see Chapter 4), whereas 

number of species and total number of individuals are the numbers actually found on 

the fifteen collected stones taken in each season. 

KOWAIRlVER 

Taxon Spring 1 Summer Autumn Winter Spring 2 Average 

Hydridae sp. A 0 0 0 2 0 0.4 
(2.1) (0.4) 

Neppia montana 0 0 0 2 0 0.4 
(2.1) (0.4) 

Nematoda sp. A 2 0 0 7 0 l.S 
(2.1) (7.1) (1.4) 

Slavina sp. 13 S 15 23 0 l1.S 
(4.0) (7.2) (S.4) (9.4) (3.S) 

Eiseniella sp. 0 0 1 0 0 0.1 
(0.7) (0.1) 

Tardigrada sp. A 0 0 0 3 1 0.7 
(2.2) (0.7) (0.5) 

Chydoridae sp. 0 0 0 2 0 0.4 
(2.1) (0.4) 

Ostracoda sp. A 1 0 2 2 0 1.0 
(0.7) (2.1) (2.1) (0.5) 

Harpacticoid Copepoda 0 0 0 3 0 0.7 
(2.3) (0.7) 

Cyc1opoid Copepoda 0 0 0 0 2 0.4 
(2.1) (0.4) 

Collembola lS 0 5 6S 13 20.7 
(9.1) (2.7) (13.4) (7.6) (12.3) 

Nesameletus sp. 0 1 9 1 0 2.1 
(0.7) (7.3) (0.7) (1.S) 

Deleatidium sp. 
(myzobranchia-group) 354 357 427 44 525 341.4 

(72.9) (66.7) (S1.0) (10.S) (71.1) (SO.6) 
Zelandoperla decorata S 17 21 3 0 9.S 

(7.2) (S.4) (S.3) (2.2) (4.0) 
Zelandobius jurcillatus 9 7 237 9 2 52.S 

(4.1) (3.1) (52.6) (3.0) (2.1) (46.1) 
Zelandobius unicolor 0 0 0 1 0 0.1 

(0.7) (0.1) 
Zelandobius pilosus 0 4 0 0 0 O.S 

(2.6) (O.S) 
Hydraenidae larvae sp. A 0 0 2 0 0 0.4 

(2.1) (0.4) 
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Elmidae larvae sp. A 0 0 1 0 0 0.3 
(0.8) (0.3) 

Aphrophila neozelandica 0 0 2 0 0 0.4 
(2.1) (0.4) 

Eriopterini sp. 5 1 1 0 1 1.5 
(3.4) (0.7) (1.4) (0.7) (0.8) 

Psychodidae 0 0 0 1 0 0.3 
(1.4) (0.3) 

Austrosimulium albovelatum 2243 32 84 0 18 475.4 
(404.0) (14.9) (23.9) (14.4) (442.1) 

Macropelopiini sp. 20 0 0 3 0 4.5 
(7.0) (2.2) (3.8) 

Parochlus sp. A 0 1 0 0 0 0.1 
(0.7) (0.1) 

Parochlus sp. B 72 0 0 0 2 14.8 
(15.7) (2.1) (14.3) 

Maoridiamesa harrisi 1289 5 19 2 63 275.5 
(174.3) (4.3) (8.5) (1.4) (27.2) (253.6) 

Diamesinae sp. B 0 0 0 4 0 0.8 
(2.6) (0.8) 

Paucispinigera sp. 0 0 0 1 0 0.3 
(0.8) (0.3) 

Polypedi/um sp. 2 0 0 0 2 0.8 
(1.4) (2.1) (0.5) 

Tanytarsus vespernnus 11 43 11 11 45 24.2 
(7.5) (42.8) (7.6) (7.6) (21.0) (8.1) 

?Rheocricotopus sp. 137 37 251 14 10 89.6 
(28.3) (28.9) (97.3) (4.8) (7.5) (46.4) 

Orthocladiinae sp. B 0 0 11 0 0 2.1 
(7.5) (2.1) 

Orthocladiinae sp. A 0 0 0 0 2 0.4 
(2.1) (0.4) 

Orthocladiinae sp. C 0 0 0 0 1 0.1 
(0.7) (0.1) 

Eukiefferiella claripennis 1077 57 304 27 694 431.6 
(156.8) (35.1) (55.1) (9.1) (144.8) (200.7) 

Eukiefferiella sp. B 0 0 0 0 .20 3.9 
(9.5) (3.9) 

Eukiefferiella sp. A 0 0 0 0 8 1.6 
(7.2) (1.6) 

Cricotopus aucklandensis 0 0 3 3 0 1.3 
(2.2) (2.3) (0.8) 

Nothodixa sp. 0 0 0 3 0 0.5 
(2.2) (0.5) 

Empididae sp. A 5 8 0 0 9 4.5 
(3.0) (7.2) (7.4) (1.9) 

Ephydridae ? 11 0 0 0 0 2.2 
(5.9) (2.2) 

Limnophora sp. A 7 0 0 0 0 1.4 
(2.7) (1.4) 

Diptera indet. 0 0 0 1 0 0.1 
(0.7) (0.1) 

Plectrocnemia maclachlani 0 4 0 0 3 1.5 
(4.2) (2.3) (0.9) 

Aoteapsyche colonica 0 11 1 0 0 2.5 
(7.6) (0.8) (2.2) 
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Aoteapsyche raruraru 0 0 3 0 0 0.5 
(2.2) (0.5) 

Hydrobiosis parumbripellllis 2 0 0 0 0 0.4 
(0.9) (0.4) 

Hydrobiosis harpidiosa 3 1 0 0 0 0.7 
(2.2) (0.7) (0.5) 

Hydrobiosis spatu/ata 0 0 5 0 0 1.1 
(2.8) (1.1) 

Psilochorema bidens 2 3 7 0 2 2.7 
(0.9) (1.3) (2.9) (1.4) (1.1) 

Hydrochorema tenuicaudatum 0 0 0 2 0 0.4 
(2.1) (0.4) 

CostacllOrema brachyptera 2 0 0 0 0 0.4 
(2.1) (0.4) 

early ins tar Hydrobiosidae 14 34 31 1 1 16.3 
(5.0) (10.8) (11.0) (0.8) (0.7) (7.2) 

()~ethira a/biceps 0 3 4 0 0 1.3 
(2.2) (1.8) (0.8) 

()econesus maori ? 1 0 0 0 0 0.1 
(0.7) (0.1) 

Pycnocentrodes sp. 1 0 0 0 1 0.4 
(0.7) (0.8) (0.3) 

Beraeoptera roria 0 0 3 0 0 0.7 
(2.3) (0.7) 

()linga feredayi 0 0 0 0 2 0.4 
(2.1) (0.4) 

Oribatei sp. A 1 0 0 4 0 1.0 
(0.7) (4.2) (0.8) 

Notoaturinae sp. A 7 13 50 0 53 24.6 
(2.8) (6.2) (15.0) (26.3) (11.3) 

parasitic mite 0 0 0 0 1 0.1 
(0.7) (0.1) 

pupae 35 1 25 0 2 12.7 
(10.2) (0.8) (9.2) (2.1) (7.3) 

Number of species 28 21 27 28 25 25.8 
(1.3) 

Total number of individuals 3217 345 932 184 638 1063.2 
(553.4) 
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WHITEWATER STREAM 

Taxon Spring 1 Summer Autumn Winter Spring 2 Average 

Hydridae sp. A 0 0 1 0 0 0.1 
(0.7) (0.1) 

Hydridae sp. B 0 2 0 0 0 004 
(2.0) (004) 

Neppia montana 14 5 11 1 5 7.1 
(4.6) (2.5) (5.0) (0.7) (5.0) (2.5) 

Spathula sp. 0 0 1 0 0 0.1 
(0.7) (0.1) 

Rhabdocoela 0 3 4 0 0 104 
(304) (3.9) (0.9) 

Nematoda sp. A 0 0 2 0 3 0.9 
(2.0) (2.1) (0.6) 

Potamopyrgus antipodarum 0 1 1 1 0 004 
(0.7) (0.7) (0.7) (0.2) 

Slavin a sp. 169 66 166 9 0 82.0 
(44.5) (21.8) (53.1) (2.9) (36.8) 

Eiseniella sp. 0 1 2 0 1 0.7 
(0.7) (2.0) (0.7) (004) 

Lumbriculus variegatus 4 0 0 0 0 0.8 
(2.4) (0.8) 

Oligocheata sp. 0 0 1 0 0 0.1 
(0.7) (0.1) 

Chydoridae sp. 1 0 9 1 0 2.0 
(0.7) (5.5) (0.7) (1.7) 

Ostracoda sp. A 0 1 1 0 0 0.3 
(0.7) (0.7) (0.2) 

Harpacticoid Copepoda 6 5 29 3 0 8.7 
(4.0) (2.5) (8.8) (2.1) (5.3) 

Collembola 11 24 9 42 5 18.2 
(6.3) (9.8) (SA) (804) (2.6) (6.7) 

Nesameletus sp. 5 0 0 0 0 0.9 
(2.6) (0.9) 

Deleatidium sp. 
(myzobranchia-group) 1715 735 125 343 129 609.3 

(246.2) (121.3) (2304) (95.6) (20.5) (297.9) 
Stenoper/a maciel/ani 1 0 0 0 0 0.1 

(0.7) (0.1) 
Zelandoper/a decorata 9 6 2 0 0 3.5 

(5.8) (5.9) (104) (1.8) 
Zelandobius furcillatus 4 3 14 1 0 4.3 

(204) (2.1) (10.2) (0.7) (2.6) 
Zelandobius unicolor 1 0 0 0 0 0.1 

(0.7) (0.1) 
Zelandobius pilosus 5 4 10 0 0 3.9 

(2.9) (2.2) (6.1) (1.9) 
Zelandobius sp. 0 2 0 0 0 004 

(2.0) (004) 
Archichauliodes diversus 0 11 1 0 0 204 

(604) (0.8) (2.1) 
Elmidae larvae sp. A 15 49 30 0 3 19.3 

(7.1) (16.9) (11.1) (2.1) (9.1) 
Elmidae larvae sp. B 0 11 0 0 0 2.1 

(7.7) (2.1) 
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Neocurnpira hudson i-complex 0 0 0 2 0 0.4 
(0.9) (0.4) 

Ap/trophila neozelandica 2 5 1 1 1 2.0 
(0.9) (5.0) (0.8) (0.8) (0.7) (0.7) 

Eriopterini sp. 6 5 15 3 1 6.1 
(2.6) (2.4) (10.0) (2.4) (0.7) (2.5) 

Hexatomini sp. 1 0 0 0 0 0.1 
(0.7) (0.1) 

Paralimnophila sp. 1 0 0 0 0 0.3 
(1.4) (0.3) 

Austrosimulium albove/atum 114 53 35 7 4 42.8 
(27.0) (25.0) (10.5) (4.1) (2.8) (20.1) 

Macropelopiini sp. 1 0 0 1 0 0.3 
(0.7) (0.7) (0.2) 

Parochlus sp. A 2 2 0 1 0 0.9 
(2.0) (2.0) (0.7) (0.4) 

Maoridiamesa harrisi 55 48 118 376 13 122.0 
(18.4) (15.9) (48.5) (290.4) (10.4) (65.7) 

Tanytarsus vespertinus 91 5 10 5 12 24.6 
(33.9) (5.0) (9.9) (4.7) (10.2) (16.8) 

?Rheocricotopus sp. 52 38 286 14 0 78.0 
(20.0) (14.7) (136.3) (5.5) (52.8) 

Orthocladiinae sp. B 10 41 0 0 0 10.3 
(6.2) (12.4) (7.9) 

Eukiefferiella claripennis 254 49 165 32 11 102.0 
(58.5) (16.9) (66.1) (19.5) (5.9) (46.4) 

Cricotopus aucklandensis 0 2 139 33 8 36.4 
(2.0) (53.2) (12.2) (5.4) (26.3) 

Empididae sp. A 1 1 0 0 5 1.2 
(0.7) (0.7) (5.0) (0.9) 

Aoteapsyche colonica 42 55 36 6 0 27.7 
(11.8) (21.1) (12.7) (2.6) (10.6) 

Aoteapsyche Tarnrarn 0 120 22 9 0 30.1 
(26.0) (21.6) (5.6) (22.7) 

Hydrobiosis parnmbripennis 1 1 0 3 0 0.9 
(0.7) (1.4) (2.1) (0.5) 

Hydrobiosis spatulata 0 2 0 0 0 0.4 
(2.0) (0.4) 

Psilochorema bidens 26 4 2 1 1 6.7 
(8.8) (2.0) (2.0) (0.7) (0.7) (4.9) 

Costachorema callista 0 1 2 0 0 0.5 
(0.7) (2.0) (0.4) 

Costachorema xanthoptera 0 4 0 1 0 0.9 
(2.4) (0.7) (0.8) 

early instar Hydrobiosidae 17 27 60 13 5 24.2 
(7.6) (8.3) (15.9) (5.9) (5.0) (9.6) 

Oxyethira albiceps 0 0 0 1 . 0 0.1 
(0.7) (0.1) 

Zelolessica cheira 0 0 5 0 0 1.0 
(5.0) (1.0) 

Pycnocentrodes sp. 33 10 1 1 0 9.1 
(13.9) (5.5) (0.7) (0.8) (6.3) 

Beraeoptera roria 7 1 1 0 0 2.0 
(3.1) (0.8) (0.8) (1.3) 

Olinga Jeredayi 17 11 26 5 0 11.8 
(4.8) (3.3) (11.1) (2.7) (4.5) 
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Oribatei sp. A 0 1 0 0 0 0.1 
(0.7) (0.1) 

Hydrachenellae sp. A 2 0 0 0 1 0.5 
(1.4) (0.7) (0.4) 

Notoaturinae sp. A 166 147 149 5 1 93.8 
(27.2) (33.0) (35.9) (4.0) . (0.7) (37.2) 

parasitic mite 16 0 1 0 0 3.4 
(15.7) (1.4) (3.0) 

pupae 5 3 65 3 1 15.3 
(2.4) (1.9) (38.8) (2.6) (0.7) (12.4) 

Number of species 37 41 38 29 18 32.6 
(4.2) 

Total number of individuals 1991 1083 880 1047 134 1027 
(296.0)-
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DRY STREAM 

Taxon Spring 1 Summer Autumn Winter Spring 2 Average 

Hydridae sp. A 1 0 24 1 0 5.0 
(0.6) (8.7) (0.6) (4.7) 

Hydridae sp. B 0 1 0 0 0 0.1 
(0.6) (0.1) 

Neppia montana 2 1 2 0 0 1.0 
(1.3) (0.8) (1.3) (0.4) 

Rhabdocoela 0 1 0 0 0 0.1 
(0.6) (0.1) 

Nematoda sp. A 0 0 0 -1 2 0.5 
(0.6) (1.9) (0.4) 

Potamopyrgus antipodarnm 0 0 2 0 0 0.4 
(1.9) (0.4) 

Slavin a sp. 141 345 37 3 0 105.0 
(36.4) (67.4) (12.2) (2.0) (65.2) 

Eiseniella sp. 0 0 83 0 1 16.6 
(25.4) (0.6) (16.5) 

Tardigrada sp. A 0 4 1 0 0 0.9 
(2.3) (0.6) (0.7) 

Harpacticoid Copepoda 2 19 11 1 1 6.7 
(1.9) (6.8) (6.7) (0.6) (0.6) (3.7) 

Paraleptamphopus subterraneus ,0 0 0 0 2 0.4 
(1.9) (0.4) 

Collembola 49 16 0 29 4 19.7 
(35.8) (5.6) (7.6) (3.9) (8.9) 

Nesameletus sp. 0 7 14 2 0 4.4 
(4.5) (5.7) (1.9) (2.6) 

Deleatidium sp. 
(l1o/zobranchia-group) 639 611 1029 323 229 566.3 

(101.8) (110.0) (186.3) (56.8) (51.3) (140.5) 
Stenoperla maclel/ani 0 1 0 1 0 0.2 

(0.6) (0.6) (0.1) 
Zelandoperla decorata 4 6 2 10 0 4.5 

(1.4) (4.0) (1.9) (2.9) (1.8) 
Zelandobius furcillatus 11 15 12 3 2 8.7 

(5.7) (8.5) (3.6) (1.8) (1.9) (2.7) 
Zelandobius unicolor 0 0 4 0 0 0.8 

(3.8) (0.8) 
Zelandobius pi/osus 0 91 18 1 0 22.0 

(23.7) (6.5) (0.6) (17.6) 
Staphylinidae 0 1 0 0 0 0.1 

(0.6) (0.1) 
Orchymontia spinipennis 0 4 0 4 1 1.7 

(4.0) (4.0) (0.6) (0.9) 
Scirtidae sp. B 1 0 0 0 0 0.1 

(0.6) (0.1) 
Elmidae larvae sp. A 11 33 27 1 7 15.7 

(4.5) (12.0) (12.0) (0.6) (2.9) (6.2) 
Elmidae larvae sp. B 0 73 0 0 0 14.6 

(21.0) (14.6) 
Aphrophi/a neozelandica 10 1 0 4 0 3.0 

(5.4) (0.6) (1.4) (1.9) 
Eriopterini sp. 0 0 0 1 0 0.1 

(0.6) (0.1) 
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Paralimnophila sp. a 1 a a a 0.1 
(0.6) (0.1) 

Ceratopogonidae a a 1 a a 0.1 
(0.6) (0.1) 

Austrosimulium albovelatum 120 33 a 2 19 34.7 
(44.5) (13.1) (1.9) (8.9) (22.1) 

Thaumaleidae a a 1 a a 0.1 
(0.6) (0.1) 

Macropelopiini sp. a a 1 a a 0.1 
(0.6) (0.1) 

Parochlus sp. A 1 a a a 5 1.0 
(0.6) (4.1) (0.9) 

Parochlus sp. B 15 4 a a a 3.7 
(5.8) (2.7) (2.8) 

Maoridiamesa harrisi 20 88 3 a 114 44.8 
(10.1) (22.0) (2.0) (39.8) (23.6) 

Paucispinigera sp. 8 a 1 a a 1.7 
(4.6) (0.6) (1.5) 

Tanytarsus vespernnus 72 36 131 27 25 58.3 
(20.6) (17.9) (48.2) (24.4) (13.1) (20.1) 

?Rheocricotopus sp. 246 500 111 2 38 179.2 
(90.0) (108.9) (31.3) (1.3) (17.1) (90.4) 

Orthoc1adiinae sp. B a 11 18 a 3 6.1 
(3.8) (6.1) (2.0) (3.4) 

Eukiefferiella claripennis 593 201 12 13 76 178.7 
(141.7) (37.3) (4.7) (5.8) (16.3) (109.1) 

Eukiefferiella sp. A a a a a 4 0.8 
(2.4) (0.8) 

Cricotopus aucklandellsis a 23 3 2 24 10.4 
(6.5) (2.1) (1.9) (6.5) (5.4) 

Empididae sp. A 18 42 1 a a 12.2 
(9.5) (16.5) (0.8) (8.2) 

Ephydridae ? a 2 a a a 0.4 
(1.9) (0.4) 

Limnophora sp. A a 1 a a a 0.1 
(0.6) (0.1) 

Polyplectropus puerilis a 1 4 a 0 0.9 
(0.6) (4.0) (0.8) 

Aoteapsyche colonica 26 12 33 24 1 19.3 
(7.7) (4.7) (21.4) (6.9) (0.6) (5.7) 

Aoteapsyche raruraru a a a 4 a 0.7 
(2.7) (0.7) 

Hydrobiosis parumbripennis 4 5 5 1 a 3.1 
(2.3) (2.0) (2.5) (0.6) (1.1) 

Hydrobiosis clavigera 6 2 a a a 1.5 
(4.0) (1.9) (1.1) 

Hydrobiosis sp. 4 1 a a a 0.9 
(2.4) (0.6) (0.7) 

Psilochorema bidens 13 11 24 2 1 10.0 
(5.6) (4.9) (8.0) (1.3) (0.6) (4.3) 

Psilochorema nemorale a 0 3 a a 0.5 
(2.0) (0.5) 

Psilochorema leptoharpax 1 a a 0 a 0.1 
(0.6) (0.1) 

Costachorema brachyptera a 1 a a a 0.1 
(0.6) (0.1) 
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Costachorema callista 0 1 0 0 0 0.1 
(0.6) (0.1) 

Costachorema xanthoptera 1 0 0 0 0 0.2 
(0.8) (0.2) 

Neurochorema confusum 0 0 0 0 2 0.4 
(1.9) (0.4) 

early instar Hydrobiosidae 39 59 32 2 1 26.3 
(12.7) (13.2) (8.7) (1.3) (0.6) (11.2) 

Oxyethira albiceps 0 23 0 0 0 4.7 
(9.6) (4.7) 

Hudsonema amabilis 0 0 10 0 0 2.0 
(8.3) (2.0) 

Zelolessica cheira 1 0 28 1 0 6.0 
(0.6) (6.5) (1.2) (5.5) 

Pycnocentrodes sp. 9 11 295 32 0 69.4 
(8.1) (5.9) (75.7) (9.8) (56.7) 

Beraeoptera roria 15 38 167 87 2 61.9 
(7.8) (13.5) (29.6) (67.1) (1.2) (30.0) 

Olinga jeredayi 1 7 20 3 0 6.0 
(0.6) (4.2) (6.5) (2.3) (3.6) 

Oribatei sp. A 1 0 0 0 2 0.5 
(0.6) (1.9) (0.4) 

Hydrachenellae sp. A 1 8 7 3 0 3.5 
(0.6) (4.5) (4.5) (2.0) (1.6) 

Notoaturinae sp. A 12 62 67 1 11 30.4 
(5.9) (21.7) (28.2) (0.6) (5.8) (14.0) 

Hydrachenellae sp. C 1 1 0 0 0 0.4 
(0.8) (0.6) (0.2) 

parasitic mite 0 0 0 4 0 0.7 
(3.7) (0.7) 

pupae 40 23 20 0 4 17.5 
(14.3) (6.7) (7.9) (2.3) (7.2) 

Number of species 36 46 38 32 25 (35.4) 
(3.5) 

Total number of individuals 1557 2270 1790 572 474 1332.6 
(350.3) 
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CRAIGIEBURN CUTTING STREAM 

Taxon Spring 1 Summer Autumn Winter Spring 2 Average 

Neppia montana 93 33 70 1 20 43.3 
(32.0) (6.7) (25.5) (0.8) (10.5) (16.7) 

Nematoda sp. A 1 3 0 0 0 1.0 
(1.0) (2.2) (0.7) 

Gordius sp. 0 1 0 0 0 0.1 
(0.8) (0.1) 

Slavin a sp. 35 26 76 6 2 29.0 
(12.2) (11.6) (26.1) (3.0) (2.0) (13.2) 

Eiseniella sp. 0 0 0 0 3 0.6 
(2.3) (0.6) 

Ostracoda sp. A 4 3 12 0 2 4.0 
(4.0) (2.1) (11.0) (2.0) (2.0) 

Ostracoda sp. B 2 0 0 0 0 0.4 
(1.6) (0.4) 

Harpacticoid Copepoda 21 12 39 3 0 14.8 
(5.1) (4.9) (14.5) (2.1) (7.0) 

Collembola 28 0 7 2 5 8.4 
(16.2) (4.1) (2.0) (2.7) (5.0) 

Microchorista philpotti 0 2 0 0 0 0.4 
(2.0) (0.4) 

Coloburiscus humeralis 0 0 1 0 0 0.1 
(0.8) (0.1) 

Nesameletus sp. 48 66 50 1 0 33.0 
(18.5) (18.6) (13.8) (0.8) (13.6) 

Deleatidium sp. 
(myzobranchia-group) 457 233 317 47 19 214.6 

(78.4) (51.1) (65.5) (11.5) (8.2) (82.4) 
Stenoper/a maclellani 0 3 2 0 0 1.0 

(2.1) (1.0) (0.6) 
Zelandoper/a decorata 0 0 1 0 0 0.1 

(0.8) (0.1) 
Zelandobius jurcillatus 24 0 11 0 0 7.0 

(8.8) (10.9) (4.8) 
Zelandobius pi/osus 3 0 0 0 0 0.5 

(2.1) (0.5) 
Spaniocerca zelandica 135 5 39 2 1 36.5 

(31.9) (5.5) (10.1) (2.0) (1.0) (25.6) 
Staphylinidae 4 0 0 5 0 1.9 

(2.5) (5.5) (1.2) 
Orchymontia spinipennis 21 9 7 2 0 7.7 

(8.0) (6.0) (3.2) (2.0) (3.7) 
Homalaena spatulata 0 6 1 2 1 2.0 

(5.5) (1.0) (2.0) (0.8) (1.1) 
Hydraenidae larvae sp. A 0 1 0 0 0 0.1 

(0.8) (0.1) 
Hydraenidae larvae sp. B 0 2 0 0 0 0.4 

(2.0) (0.4) 
Scirtidae sp. A 0 0 0 1 0 0.1 

(0.8) (0.1) 
Elmidae larvae sp. A 15 3 13 0 0 6.0 

(7.1) (1.0) (7.0) (3.2) 
Peritheates tumler 0 0 0 0 1 0.1 

(0.8) (0.1) 
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Eriopterini sp. 0 2 0 0 3 0.9 
(2.0) (2.1) (0.6) 

?Molophilus sp. 0 0 0 1 0 0.1 
(0.8) (0.1) 

Ceratopogonidae 9 1 2 4 0 3.1 
(6.0) (0.8) (2.0) (4.0) (1.6) 

Austrosimulium albovelatum 48 45 21 0 3 23.3 
(11.2) (19.0) (8.2) (2.1) (10.1) 

Macropelopiini sp. 17 0 1 1 0 3.7 
(6.2) (0.8) (0.8) (304) 

Parochlus sp. B 3 1 0 0 0 0.7 
(2.1) (0.8) (0.5) 

Podonomus sp. 0 1 0 0 0 0.3 
(1.5) (0.3) 

Maoridiamesa harrisi 27 11 1 1 0 7.8 
(11.2) (10.9) (0.8) (0.8) (5.2) 

Paucispinigera sp. 25 26 70 1 0 24.3 
(7.9) (12.1) (2504) (0.8) (12.7) 

Tanytarsus vespertinus 0 0 0 1 0 0.1 
(0.8) (0.1) 

?Cladopelma sp. 0 31 3 0 1 6.8 
(lOA) (2.1) (0.8) (6.0) 

?Rheocricotopus sp. 63 136 29 1 0 45.8 
(16.9) (70.6) (9.8) (0.8) (25.4) 

Orthocladiinae sp. B 0 0 0 1 0 0.1 
(0.8) (0.1) 

Orthocladiinae sp. C 0 0 1 0 0 0.1 
(0.8) (0.1) 

Eukiefferiella claripennis 28 19 5 0 1 10.8 
(8.3) (1104) (5.5) (1.0) (5.5) 

Cricotopus aucklandensis 0 0 1 0 0 0.1 
(0.8) (0.1) 

Nothodixa sp. 1 2 6 0 0 1.6 
(0.8) (2.0) (2.5) (1.0) 

Empididae sp. A 0 0 2 0 0 004 
(2.0) (0.4) 

Empididae sp. B 28 38 22 1 0 17.7 
(9.6) (17.1) (12.2) (0.8) (7.5) 

Ephydridae ? 3 0 0 0 0 0.5 
(2.1) (0.5) 

Diptera indet. 0 0 0 4 1 0.9 
(4.0) (0.8) (0.8) 

Hydrobiosella stenocerca 0 3 0 0 0 0.7 
(2.2) (0.7) 

Polyplectropus puerilis 0 0 0 1 0 0.1 
(0.8) (0.1) 

Aoteapsyche colonica 0 8 0 0 0 1.6 
(5.9) (1.6) 

Aoteapsyche raruraru 0 0 12 0 0 2.4 
(6.2) (2.4) 

Hydrobiosis harpidiosa 0 0 1 0 0 0.1 
(0.8) (0.1) 

Hydrobiosis spatulata 7 1 0 0 0 1.5 
(3.2) (0.8) (1.3) 

Psilochorema bidens 1 1 0 0 0 0.3 
(0.8) (0.8) (0.2) 
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Psilochorema nemorale 1 0 0 0 0 0.1 
(0.8) (0.1) 

PsilocllOrema tautolU 0 0 10 0 0 2.1 
(5.8) (2.1) 

Hydrochorema tenuicaudatum 1 0 0 0 0 0.1 
(0.8) (0.1) 

Costachorema brachyptera 0 1 0 0 0 0.1 
(0.8) (0.1) 

Costachorema callista 2 0 0 0 0 004 
(1.6) (004) 

early instar Hydrobiosidae 9 15 20 0 0 8.7 
(2.8) (7.1) (7.1) (4.0) 

Zelandopsyche ingens 0 5 0 0 0 0.9 
(4.1) (0.9) 

Oeconesidae indet. 3 0 0 1 0 0.7 
(2.1) (0.8) (0.5) 

Philorheithrus agilis 10 16 21 2 0 9.8 
(4.0) (804) (604) (2.0) (4.1) 

Zelolessica cheira 1 0 0 0 0 0.1 
(0.8) (0.1) 

Pycnocentrodes sp. 1 0 8 0 0 1.8 
(0.8) (5.9) (1.6) 

Olinga feredayi 7 6 6 1 2 4.2 
(4.1) (5.2) (2.7) (0.8) (2.0) (1.2) 

Oribatei sp. A 9 1 0 0 0 1.9 
(5.9) (0.8) (1.7) 

Hydrachenellae sp. A 3 4 8 0 0 2.9 
(2.3) (2.5) (5.7) (104) 

Notoaturinae sp. A 10 25 30 1 0 13.2 
(4.7) (8.2) (10.0) (0.8) (6.2) 

Hydrachenellae sp. C 2 0 0 0 0 004 
(2.0) (004) 

Notoaturinae sp. D 0 0 1 0 0 0.1 
(0.8) (0.1) 

pupae 5 7 2 0 0 2.7 
(2.5) (304) (2.0) (1.3) 

Number of species 41 40 38 26 15 32.0 
(5.0) 

Total number of individuals 878 452 571 66 62 405.8 
(155.9) 
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BRUCE STREAM 

Taxon Spring 1 Summer Autumn Winter Spring 2 Average 

Nematoda sp. A 0 2 0 0 8 2.0 
(2.0) (4.0) (1.5) 

Slavin a sp. 15 3 0 2 0 3.8 
(4.8) (2.1) (2.0) (2.7) 

Eiseniella sp. 0 0 0 0 7 1.3 
(4.0) (1.3) 

Chydoridae sp. 0 0 1 0 0 0.1 
(0.7) (0.1) 

Harpacticoid Copepoda 1 4 0 0 0 0.8 
(0.7) (3.5) (0.7) 

Collembola 8 0 2 0 5 2.8 
(3.1) (2.0) (2.8) (1.5) 

Nesameletus sp. 2 0 0 0 0 0.4 
(2.0) (0.4) 

Deleatidium sp. 
(myzobranchia-group) 96 133 267 11 16 104.6 

(24.6) (24.4) (43.3) (4.5) (8.2) (46.8) 
Zelalldoperla decorata 10 18 58 0 0 17.3 

(3.8) (5.0) (15.2) (10.8) 
Zelandobius Jurcillatus 7 4 14 2 2 5.8 

(4.3) (3.9) (7.4) (2.0) (2.0) (2.3) 
Zelalldobius indet. 12 0 0 0 0 2.5 

(7.3) (2.5) 
Megaleptoperla grandis 0 5 0 0 0 1.0 

(4.0) (1.0) 
Staphylinidae 0 0 0 0 2 0.4 

(2.0) (0.4) 
Scirtidae sp. B 1 0 0 0 0 0.1 

(0.7) (0.1) 
Elmidae larvae sp. A 0 0 3 0 0 0.6 

(2.1) (0.6) 
Neocurupira campbel/i 1 1 0 0 0 0.3 

(0.7) (0.7) (0.2) 
Peritheates turrifer 0 0 2 0 0 0.4 

(2.0) (0.4) 
Eriopterini sp. 0 1 0 0 0 0.1 

(0.7) (0.1) 
Ceratopogonidae 2 0 0 0 0 0.4 

(2.0) (0.4) 
Austrosimulium albovelatum 5 38 2 0 0 8.9 

(2.3) (11.7) (2.0) (7.3) 
Parochlus sp. A 2 0 0 0 0 0.4 

(2.0) (0.4) 
Parochlus sp. B 26 0 0 0 0 5.2 

(9.2) (5.2) 
Maoridiamesa harrisi 0 1 0 0 0 0.1 

(0.7) (0.1) 
Paucispilligera sp. 0 0 5 2 2 1.8 

(2.5) (2.0) (2.0) (1.0) 
Polypedi/um sp. 0 1 0 0 0 0.1 

(0.7) (0.1) 
Tanytarsus vespertillus 7 0 1 0 0 1.6 

(4.0) (0.7) (1.4) 
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?Rheocricotopus sp. 22 13 4 3 1 8.6 
(7.5) (5.4) (3.9) (2.1) (0.7) (4.1) 

Orthocladiinae sp. C 8 0 0 0 0 1.7 
(7.9) (1.7) 

Eukiefferiella claripennis 9 11 13 0 0 6.7 
(4.4) (5.1) (5.2) (2.8) 

Cricotopus aucklandensis 0 0 2 0 0 0.4 
(2.0) (0.4) 

Chironomidae indet. 0 0 0 0 2 0.4 
(2.0) (0.4) 

Empididae sp. B 0 0 0 4 0 0.7 
(3.5) (0.7) 

Ephydridae ? 2 0 0 0 0 0.4 
(2.0) (0.4) 

Diptera indet. 0 0 2 1 0 0.5 
(2.0) (0.7) (0.4) 

Hydrobiosis sp. 1 0 0 0 0 0.1 
(0.7) (0.1) 

Costachorema callista 5 2 0 0 0 1.3 
(2.5) (2.0) (0.9) 

early instar Hydrobiosidae 0 9 7 0 0 3.0 
(4.4) (4.0) (1.9) 

Oxyethira albiceps 0 2 0 0 0 0.4 
(2.0) (0.4) 

Pycnocentrodes sp. 0 8 0 0 0 1.7 
(7.2) (1.7) 

Oribatei sp. A 0 0 0 0 1 0.1 
(0.7) (0.1) 

Notoaturinae sp. A 0 4 2 0 0 1.2 
(3.6) (2.0) (0.8) 

parasitic mite 25 0 0 0 0 5.1 
(25.6) (5.1) 

pupae 3 0 2 0 0 0.9 
(2.1) (2.0) (0.6) 

Number of species 22 19 16 7 10 14.8 
(2.8) 

Total number of individuals 194 172 319 16 33 146.8 
(55.9) 
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PORTER RIVER 

Taxon Spring 1 Summer Autumn Winter Spring 2 Average 

Hydridae sp. A 14 13 81 75 0 36.5 
(5.4) (4.4) (18.1) (18.9) (17.1) 

Hydridae sp. B 0 2 0 4 0 1.2 
(1.7) (2.3) (0.8) 

Neppia montana 130 150 74 244 214 162.3 
(29.4) (38.9) (21.1) (59.6) (68.6) (30.2) 

Spathula sp. 0 1 6 0 2 1.8 
(0.8) (3.7) (1.6) (1.2) 

Rhabdocoela 9 16 20 9 2 11.2 
(5.1) (7.0) (9.0) (5.0) (1.7) (3.2) 

Nematoda sp. A 7 7 51 31 24 24.0 
(5.2) (4.6) (14.5) (8.7) (9.5) (8.1) 

Nematoda sp. B 0 0 0 0 3 0.6 
(2.3) (0.6) 

Potamopyrgus antipodarnm 114 178 145 194 70 140.2 
(23.3) (45.9) (27.2) (44.2) (19.1) (22.3) 

Slavina sp. 188 168 1150 122 0 325.5 
(37.2) (31.4) (249.7) (24.4) (208.7) 

Eiseniella sp. 0 0 0 0 62 12.4 
(17.1) (12.4) 

Tubificidae sp. 0 0 3 5 0 1.6 
(2.1) (3.5) (1.0) 

Lumbriculus variegatus 4 1 1 0 0 1.1 
(2.4) (0.8) (0.8) (0.7) 

Oligocheata sp. 0 0 107 7 0 22.9 
(25.4) (4.6) (21.1) 

Tardigrada sp. A 0 63 36 4 0 20.7 
(27.0) (10.6) (4.2) (12.6) 

Tardigrada sp. B 0 0 2 0 0 0.5 
(1.9) (0.5) 

Chydoridae sp. 2 2 35 12 1 10.5 
(1.9) (1.7) (16.6) (5.3) (0.8) (6.5) 

Ostracoda sp. A 15 20 7 9 0 10.1 
(5.0) (5.2) (3.6) (3.7) (3.5) 

Harpacticoid Copepoda 730 2449 1814 403 66 1092.4 
(221.2) (997.6) (360.9) (102.4) (24.0) (448.5) 

Cyclopoid Copepoda 1 0 0 0 2 0.5 
(0.8) (1.7) (0.3) 

Paraleptamphopus subterraneus 0 0 2 0 0 0.3 
(1.7) (0.3) 

Collembola 10 8 1 8 3 6.0 
(3.1) (4.3) (0.8) (5.3) (2.3) (1.7) 

Deleatidium sp. 
(myzobranchia-group) 426 521 920 786 666 663.5 

(72.8) (102.6) (161.3) (94.7) (111.0) (88.7) 
Stenoperla maclel/ani 1 2 3 0 0 1.1 

(0.8) (1.0) (2.1) (0.6) 
Zelandoperla decorata 2 6 4 13 1 5.1 

(1.6) (3.6) (2.3) (12.1) (0.8) (2.2) 
Zelandobius jurcillatus 2 2 235 44 1 56.9 

(1.9) (1.7) (42.9) (20.5) (0.8) (45.4) 
Zelandobius unicolor 0 0 0 0 1 0.2 

(0.8) (0.2) 
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Zelandobius pilosus 7 117 36 41 7 41.2 
(2.7) (39.6) (9.9) (23.4) (4.8) (20.1) 

Staphylinidae 2 a a a a 0.3 
(1.7) (0.3) 

Orchymontia spinipennis a a 1 2 a 0.5 
(0.8) (1.7) (0.3) 

Scirtidae sp. B 4 2 2 1 1 2.1 
(2.0) (1.9) (1.9) (0.8) (0.8) (0.6) 

Elmidae larvae sp. A a a 6 a a 1.2 
(3.5) (1.2) 

Aphrophila neozelandica 8 6 29 7 7 11.6 
(4.8) (3.2) (8.5) (4.6) (2.7) (4.5) 

Limonia nigrescens a a 1 1 a 0.3 
(0.8) (0.8) (0.2) 

Psychodidae a 1 a a a 0.2 
(0.8) (0.2) 

Austrosimulium laticome 1372 158 563 171 321 516.9 
(378.0) (32.1) (140.0) (43.7) (94.8) (225.7) 

Macropelopiini sp. 35 2 a 2 a 7.6 
(11.2) (1.0) (1.7) (6.8) 

Parochlus sp. A 150 61 7 2 1 44.1 
(74.9) (23.8) (2.8) (1.0) (0.8) (28.7) 

Parochlus sp. B 1 6 a a a 1.3 
(0.8) (3.5) (1.1) 

Maoridiamesa harrisi 1550 3857 1298 624 292 1524.5 
(373.8) (735.7) (290.8) (213.3) (87.3) (625.4) 

Diamesinae sp. B a a a a 9 1.8 
(8.4) (1.8) 

Paucispinigera sp. 8 7 a a a 2.9 
(2.2) (5.2) (1.8) 

Tanytarsus vespertinus 17 29 5 18 21 18.1 
(5.4) (9.9) (2.3) (9.2) (8.2) (4.0) 

?Rheocricotopus sp. 1419 2007 2027 415 89. 1191.2 
(325.0) (491.8) (363.5) (121.7) (42.4) (402.0) 

Orthocladiinae sp. B 49 365 268 45 21 149.6 
(9.9) (86.4) (52.0) (29.2) (10.8) (70.0) 

Orthocladiinae sp. A 16 2 1 40 13 14.4 
(9.2) (1.6) (0.8) (12.9) (7.1) (7.2) 

Orthocladiinae sp. C a 2 a a a 0.3 
(1.7) (0.3) 

Eukiefferiella claripennis 1023 1266 742 372 108 702.1 
(132.3) (204.4) (157.4) (78.0) (21.1) (210.3) 

Cricotopus aucklandensis 5 396 66 30 2 99.8 
(5.1) (127.9) (24.1) (11.2) (1.6) (75.0) 

Nothodixa sp. a a a 2 a 0.5 
(1.9) (0.5) 

Empididae sp. A 28 23 13 6 3 '14.7 
(10.6) (6.2) (5.6) (2.6) (2.3) (4.7) 

Ephydridae ? a 6 2 a a 1.6 
(5.1) (1.7) (1.2) 

Linmophora sp. A 2 50 27 8 a 17.2 
(1.6) (13.9) (7.9) (4.8) (9.4) 

Diptera indet. a 1 a a a 0.2 
(0.8) (0.2) 

Hydrobiosis pammbripennis 1 14 11 11 8 8.9 
(0.8) (3.7) (5.3) (4.9) (5.1) (2.2) 
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Hydrobiosis spatulata 11 2 6 0 1 3.9 
(5.3) (1.7) (2.4) (0.8) (2.1) 

Hydrobiosis sp. 0 1 0 0 0 0.2 
(0.8) (0.2) 

Psilochorema bidens 0 0 2 0 0 0.3 
(1.7) (0.3) 

Psilochorema nemorale 0 0 0 4 2 1.1 
(4.2) (1.6) (0.8) 

Costachorema xanthoptera 0 2 0 7 0 1.7 
(1.7) (4.6) (1.3) 

Neurochorema confusum 2 2 1 2 0 1.4 
(1.9) (1.6) (0.8) (1.0) (0.5) 

early instar Hydrobiosidae 79 115 88 53 43 75.6 
(16.7) (26.1) (17.2) (23.1) (26.7) (12.7) 

Oxyethira albiceps 5 14 9 10 1 7.6 
(3.4) (5.6) (4.1) (4.8) (0.8) (2.2) 

Paroxyethira eatoni 0 0 4 0 0 0.8 
(4.2) (0.8) 

Philorheithrus agi/is 2 8 13 2 6 6.3 
(1.0) (3.2) (5.7) (2.4) (3.2) (2.1) 

Hudsonema aliena 2 0 9 18 0 5.8 
(1.6) (3.8) (12.0) (3.6) 

Zelolessica cheira 2 0 221 149 4 75.3 
(1.9) (49.1) (82.0) (2.9) (46.2) 

Pycnocentria evecta 0 2 77 0 16 19.2 
(2.4) (34.0) (6.9) (14.8) 

Pycnocentrodes sp. 59 121 202 462 112 191.3 
(18.0) (62.1) (36.9) (200.7) (32.5) (71.5) 

Beraeoptera roria 179 26 171 165 188 145.8 
(44.6) (8.5) (30.7) (36.1) (41.6) (30.2) 

Olinga feredayi 37 33 216 140 57 96.8 
(15.7) (12.8) (55.8) (32.4) (11.9) (35.6) 

Oribatei sp. A 13 13 14 5 12 11.4 
(3.8) (6.7) (3.8) (2.3) (5.7) (1.6) 

Hydrachenellae sp. A 85 166 137 250 33 134.2 
(43.2) (90.8) (45.3) (91.4) (16.2) (36.8) 

Notoaturinae sp. A 57 65 235 80 81 103.5 
(12.5) (14.1) (44.8) (16.3) (19.4) (33.2) 

Hydrachenellae sp. C 8 0 0 0 0 1.6 
(4.9) (1.6) 

Notoaturinae sp. D 0 0 2 0 0 0.3 
(1.0) (0.3) 

Hygrobatidae sp. B 0 0 0 1 0 0.2 
(0.8) (0.2) 

parasitic mite 0 0 0 0 3 0.6 
(2.3) (0.6) 

pupae 75 112 124 16 57 ·76.8 
(19.5) (24.9) (30.1) (5.5) (11.9) (19.4) 

Number of species 49 54 57 51 44 51.0 
(2.2) 

Total number of individuals 5907 9383 8083 3736 1939 5809.6 
(1364.3) 
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SLIP SPRING 

Taxon Spring 1 Summer Autumn Winter Spring 2 Average 

Hydridae sp. A 10 11 11 21 5 11.5 
(4.8) (5.3) (4.9) (10.0) (4.3) (2.7) 

Hydridae sp. B 0 3 1 0 0 0.7 
(2.7) (0.9) (0.5) 

Neppia montana 98 120 135 332 192 175.5 
(28.6) (44.5) (28.8) (102.5) (58.6) (42.0) 

Spathula sp. 2 65 25 78 44 42.9 
(1.4) (24.2) (10.9) (36.5) (14.4) (13.6) 

Rhabdocoela 5 10 3 35 10 12.6 
(2.8) (9.2) (2.3) (18.8) (4.7) (5.7) 

Nematoda sp. A 2 4 8 6 15 6.9 
(1.3) (2.3) (3.6) (1.7) (8.3) (2.3) 

Potamopyrgus antipodarnm 795 1751 906 1704 875 1206.4 
(196.5) (362.5) (358.9) (580.1) (391.5) (213.7) 

Slavin a sp. 36 1079 460 203 156 386.7 
(16.2) (432.6) (156.1) (69.9) (91.1) (186.3) 

Eiseniel/a sp. 0 0 0 1 0 0.2 
(0.9) (0.2) 

Tubificidae sp. 0 0 0 0 1 0.2 
(0.9) (0.2) 

Lumbriculus variegatus 0 1 0 0 0 0.2 
(0.9) (0.2) 

Oligocheata sp. 0 219 99 17 4 67.8 
(66.1) (33.5) (8.2) (2.9) (41.8) 

Tardigrada sp. A 0 17 9 75 53 30.8 
(15.3) (8.2) (63.0) (25.8) (14.3) 

Chydoridae sp. 1 2 0 0 1 0.6 
(0.7) (1.1) (0.7) (0.3) 

Ostracoda sp. A 2 4 2 3 0 2.2 
(1.3) (1.7) (1.8) (2.8) (0.6) 

Harpacticoid Copepoda 141 476 158 877 329 396.2 
(77.0) (249.6) (127.3) (636.5) (181.0) (135.0) 

Paraleptamphopus subterraneus 239 312 73 101 53 155.7 
(81.7) (141.6) (29.1) (33.5) (34.5) (50.9) 

Collembola 2 7 0 11 4 4.9 
(1.3) (4.5) (4.3) (2.1) (1.9) 

Deleatidium sp. 
(myzobranchia-group) 35 183 301 162 162 168.4 

(13.5) (67.3) (90.4) (33.6) (42.0) (42.2) 
Stenoperla maclel/ani 0 1 3 6 1 1.9 

(0.7) (1.1) (2.0) (0.7) (1.0) 
Zelandobius furcil/atus 0 0 5 1 0 1.1 

(2.8) (0.7) (0.9) 
Zelandobius pilosus 4 4 5 1 3 3.5 

(2.7) (2.8) (2.9) (0.9) (2.0) (0.7) 
Staphylinidae 0 4 0 0 0 0.8 

(4.2) (0.8) 
Scirtidae sp. B 2 6 0 19 9 7.1 

(1.3) (3.6) (14.6) (5.2) (3.2) 
Aphrophila neozelandica 0 5 1 3 0 1.8 

(4.5) (0.9) (1.8) (1.0) 
Limonia nigrescells 1 1 9 13 4 5.5 

(0.9) (0.9) (3.6) (7.1) (2.4) (2.4) 
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Austrosimulium laticome 2 129 40 2 94 53.4 
(2.1) (54.6) (18.8) (2.1) (44.8) (25.3) 

Macropelopiiui sp. 0 0 0 1 0 0.2 
(0.9) (0.2) 

Parochlus sp. A 120 53 2 27 5 41.4 
(46.2) (19.3) (1.1) (27.3) (3.0) (21.7) 

Maoridiamesa hamsi 2532 8007 4284 5514 8772 5821.9 
(608.1) (1557.7) (973.4) (1381.1) (3045.9) (1156.8) 

Lobodiamesa campbelli 0 4 0 0 0 0.8 
(4.2) (0.8) 

Diamesinae sp. A 0 0 0 1 0 0.1 
(0.7) (0.1) 

Paucispinigera sp. 1 5 0 5 1 2.4 
(0.9) (2.8) (2.9) (1.3) (1.1) 

Tanytarsus vespertinus 0 1 11 6 6 4.7 
(0.9) (6.2) (3.3) (2.8) (1.9) 

?Rheocricotopus sp. 166 1994 1529 1847 212 1149.5 
(53.4) (662.7) (387.2) (554.1) (46.4) (399.4) 

Orthoc1adiinae sp. B 3 34 8 64 44 30.7 
(1.3) (13.3) (3.7) (37.3) (16.2) (11.3) 

Orthoc1adiinae sp. A 4 0 18 105 58 37.0 
(2.5) (7.3) (47.0) (34.5) (19.8) 

Orthoc1adiinae sp. C 0 47 0 0 0 9.5 
(14.3) (9.5) 

Eukiefferiella claripennis 110 158 1526 157 840 558.4 
(26.2) (52.2) (1486.6) (56.1) (317.7) (277.4) 

Eukiefferiella sp. B 0 1 1 0 3 0.9 
(0.7) (0.7) (2.5) (0.6) 

Cricotopus aucklandensis 0 104 16 7 0 25.4 
(30.6) (7.4) (2.7) (19.9) 

Nothodixa sp. 1 0 0 0 0 0.2 
(0.9) (0.2) 

Empididae sp. A 0 7 12 2 8 5.8 
(3.5) (5.6) (1.9) (2.5) (2.1) 

Empididae sp. B 1 0 0 0 0 0.1 
(0.7) (0.1) 

Ephydridae ? 0 57 0 0 1 11.5 
(53.5) (0.9) (11.3) 

Limllophora sp. A 7 23 8 4 18 12.0 
(5.5) (6.6) (4.4) (1.7) (6.2) (3.7) 

Limnophora sp. B 0 9 0 0 2 2.1 
(4.6) (1.1) (1.7) 

Aoteapsyche colonica 0 1 0 0 0 0.2 
(0.9) (0.2) 

Hydrobiosis parnmbripennis 4 18 13 11 3 9.8 
(2.5) (7.0) (5.3) (4.3) (1.1) (2.8) 

Psilochorema bidells 0 0 0 1 0 0.2 
(0.9) (0.2) 

Psilochorema nemorale 0 0 0 1 0 0.2 
(0.9) (0.2) 

Psilochorema macroharpax 0 1 0 0 0 0.2 
(0.9) (0.2) 

Psilochorema tau torn 0 1 0 0 0 0.2 
(0.9) (0.2) 

Costachorema xanthoptera 0 0 0 2 0 0.4 
(2.1) (0.4) 
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early instar Hydrobiosidae 10 90 68 78 73 63.8 
(3.4) (44.8) (17.6) (31.9) (20.8) (14.0) 

Oxyethira albiceps 7 59 6 20 0 18.4 
(5.1) (31.5) (3.1) (8.7) (10.6) 

Philorheithrns agilis 0 17 3 8 7 7.1 
(5.2) (2.0) (4.7) (3.6) (2.9) 

Hudsonema aliena 1 4 8 4 1 3.4 
(0.7) (2.7) (6.5) (4.0) (0.9) (1.3) 

Zelolessica cheira 5 1 52 21 32 22.0 
(2.8) (0.7) (28.3) (8.4) (16.0) (9.4) 

Pycnocentria evecta 0 1 0 0 0 0.2 
(0.9) (0.2) 

Pycnocentrodes sp. 0 0 4 2 23 5.8 
(2.4) (1.6) (19.0) (4.4) 

Beraeoptera roria 0 0 2 0 4 1.1 
(1.1) (3.6) (0.7) 

Olinga Jeredayi 1 1 12 0 2 3.1 
(0.9) (0.9) (5.8) (2.0) (2.2) 

Oribatei sp. A 24 45 2 6 3 15.9 
(16.2) (30.2) (1.1) (4.8) (1.4) (8.2) 

Hydrachenellae sp. A 91 250 166 241 379 225.3 
(40.4) (88.7) (47.7) (84.9) (143.2) (48.0) 

Hydrachenellae sp. B 0 0 0 0 2 0.4 
(1.1) (0.4) 

Notoaturinae sp. A 73 167 243 159 136 155.6 
(33.5) (49.5) (119.9) (41.0) (51.6) (27.3) 

Notoaturinae sp. B 0 0 0 0 15 3.0 
(7.9) (3.0) 

Hydrachenellae sp. C 10 2 50 10 0 14.4 
(7.1) (1.1) (26.0) (10.6) (9.2) 

Notoaturinae sp. C 0 0 0 0 2 0.4 
(2.1) (0.4) 

Thyasidae sp. 0 8 0 0 0 1.6 
(8.2) (1.6) 

Piona uncata exigua (nymph) 0 0 0 0 4 0.8 
(3.0) (0.8) 

Hygrobatidae sp. B 0 0 0 0 1 0.2 
(0.9) (0.2) 

parasitic mite 0 0 0 1 25 5.2 
(0.7) (13.4) (5.0) 

pupae 14 44 20 13 214 61.0 
(5.6) (13.0) (7.5) (6.6) (166.5) (38.6) 

Number of species 37 55 44 50 50 47.2 
(3.1) 

Total number of individuals 4655 16047 10454 12327 13524 11401.4 
(1915.1) 
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CORA LYNN STREAM 

Taxon Spring 1 Summer Autumn Winter Spring 2 Average 

Hydridae sp. A 4 1 19 0 0 5.0 
(2.9) (0.6) (11.2) (0.5) (3.7) 

Neppia montana 47 29 31 33 75 43.1 
(16.9) (11.5) (15.3) (11.6) (32.2) (8.6) 

Spathula sp. 0 0 0 1 0 0.3 
(1.4) (0.3) 

Rhabdocoela 5 3 0 0 1 1.8 
(2.0) (1.8) (1.4) (0.9) 

Nematoda sp. A 22 16 27 3 8 15.3 
(7.6) (8.1) (13.2) (1.5) (4.2) (4.4) 

Gordius sp. 0 0 0.4 0 0 0.1 
(0.5) (0.1) 

Potamopyrgus antipodarnm 1809 2246 2709 375 26 1433.0 
(386.8) (571.3) (742.7) (84.5) (9.9) (525.8) 

Gyraulus corinna 0 0 0 0.4 0 0.1 
(0.5) (0.1) 

Slavin a sp. 99 98 449 42 0 137.7 
(22.9) (34.9) (194.3) (16.9) (80.0) 

Eiseniella sp. 0 0 0 0 20 4.0 
(5.4) (4.0) 

Tubificidae sp. 0 0 0 5 0 1.2 
(0.5) (5.5) (1.1) 

Lumbriculus variegatus 0 0 5 0 3 1.6 
(5.5) (1.7) (1.1) 

Oligocheata sp. 0 0 5 0 0 1.1 
(5.5) (1.1) 

Chydoridae sp. 0 0 15 2 0 3.3 
(4.5) (1.4) (2.8) 

Ostracoda sp. A 64 46 45 21 2 35.6 
(23.6) (25.7) (23.0) (8.7) (1.4) (10.9) 

Harpacticoid Copepoda 12 30 30 4 0 15.1 
(4.6) (13.9) (16.6) (1.8) (0.5) (6.3) 

Cyclopoid Copepoda 0 0 6 0 0 1.2 
(2.1) (1.2) 

Col1embola 12 7 7 7 25 11.4 
(6.2) (2.0) (5.6) (2.4) (7.6) (3.4) 

Nesameletus sp. 4 2 7 7 1 4.2 
(2.8) (1.4) (5.6) (5.5) (1.4) (1.2) 

Deleatidium sp. 
(myzobranchia-group) 236 136 182 132 68 150.7 

(50.0) (30.7) (40.8) (20.5) (12.9) (28.0) 
Stenoper/a maclellani 8 1 12 5 0 5.3 

(5.8) (1.4) (6.8) (5.5) (2.2) 
Austroper/a cyrene 6 0 4 2 0 2.3 

(2.4) (1.9) (1.5) (1.1) 
Zelandoper/a decorata 0 3 8 0 0 2.2 

(2.8) (5.4) (0.5) (1.5) 
Zelandoper/a agnetis 0 0 0.4 0 0 0.1 

(0.5) (0.1) 
Zelandobius [urcil/atus 2 9 37 9 0 11.4 

(1.8) (6.2) (16.0) (4.0) (6.6) 
Zelandobius unicolor 0 0 19 0 0 3.7 

(12.4) (3.7) 
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Zelandobius pilosus 6 13 53 0 0 14.4 
(5.5) (7.0) (21.9) (10.0) 

Zelandobius sp. 23 10 38 18 3 18.4 
(7.1) (4.3) (14.3) (8.9) (1.6) (6.0) 

Spaniocerca zelandica 4 11 15 3 2 7.0 
(1.8) (5.4) (7.6) (1.7) (1.4) (2.7) 

Hydrophilidae larvae indet. 1 0 0 0 0 0.3 
(1.4) (0.3) 

Orchymontia spinipennis 4 7 2 0 0 2.6 
(2.8) (5.7) (104) (1.3) 

Homalaena spatulata 0 0 6 0 0 1.3 
(5.5) (0.5) (1.2) 

Scirtidae sp. B 0 0 2 0 0 0.5 
(0.5) (0.5) (1.4) (0.3) 

Scirtidae sp. C 0 0 0 3 0 0.5 
(1.7) (0.5) 

Elmidae larvae sp. A 25 12 9 4 0 10.1 
(8.5) (6.2) (6.8) (1.9) (4.3) 

Neocurnpira chiltoni 0 0 004 0 0 0.1 
(0.5) (0.1) 

Aphrophila neozelandica 5 0 0 0 0 1.0 
(2.9) (1.0) 

Limonia nigrescens 0 0 004 0 0 0.1 
(0.5) (0.1) 

?Molophilus sp. 0 0 0 0 1 0.3 
(1.4) (0.3) 

Ceratopogonidae 0.4 0 0 0 0 0.1 
(0.5) (0.1) 

Austrosimulium laticome 6 2 4 0 0 2.5 
(2.9) (1.6) (4.1) (0.5) (1.1) 

Macropelopiini sp. 10 3 38 0 0 10.2 
(2.6) (1.5) (38.2) (0.5) (7.1) 

Parochlus sp. A 20 17 10 0 0 9.4 
(8.3) (6.6) (6.9) (4.2) 

Parochlus sp. B 0 1 0 1 5 1.7 
(0.5) (104) (104) (5.5) (0.9) 

Maoridiamesa harrisi 185 368 37 19 33 12804 
(62.7) (148.6) (22.5) (8.4) (12.8) (67.0) 

Paucispinigera sp. 0 1 3 0 0 0.8 
(1.4) (1.7) (0.5) 

Tanytarsus vespertinus 4 1 0 4 0 1.8 
(1.8) (1.4) (0.5) (1.8) (0.8) 

?Rheocricotopus sp. 386 192 68 43 15 140.7 
(94.5) (52.8) (26.9) (11.1) (11.3) (68.3) 

Limnophyes sp. 0 0 0 1 1 0.4 
(0.9) (1.4) (0.3) 

Orthocladiinae sp. B 6 98 37 1 16 -31.6 
(2.2) (31.2) (19.3) (1.4) (16.4) (17.7) 

Orthocladiinae sp. A 11 0 0 0 0 2.1 
(6.8) (2.1) 

Eukiefferiella claripennis- 141 46 12 18 19 47.1 
(34.7) (30.7) (11.0) (11.2) (11.2) (24.3) 

Cricotopus aucklandensis 0 78 5 0 0 16.5 
(37.3) (2.6) (15.3) 

Corynoneura scutellata 0 0 1 0 0 0.2 
(0.9) (0.2) 
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Tanyderidae 5 0 0 0 0 1.1 

(5.5) (1.1) 

Nothodixa sp. 3 4 0 0 0 1.3 
(1.7) (2.2) (0.8) 

Stratiomyidae 0 1 0 0 0 0.3 
(1.4) (0.3) 

Empididae sp. A 7 26 11 0 0 8.9 
(5.7) (12.4) (6.9) (0.5) (4.7) 

Empididae sp. B 0 0 0 1 0 0.2 
(0.6) (0.2) 

Ephydridae ? 0 1 0 0 0 0.2 
(0.6) (0.2) 

Limnophora sp. A 1 2 0 0 0 0.7 
(0.6) (1.5) (0.5) (0.4) 

Diptera indet. 0 0 0 0 3 0.6 
(2.8) (0.6) 

Hydrobiosella stenocerca 0.4 0 0 0 0 0.1 
(0.5) (0.1) 

Aoteapsyclle rarnrarn 9 1 84 0 2 19.3 
(4.6) (1.4) (84.1) (1.4) (16.2) 

Hydrobiosis parnmbripellIlis 0 1 0 0 0 0.3 
(1.4) (0.3) 

Hydrobiosis sp. 0 0.4 0 0 0 0.1 
(0.5) (0.1) 

Psilochorema bidens 0 0 0.4 0 0 0.1 
(0.5) (0.1) 

Psilochorema nemorale 1 0 7 0 0 1.6 
(0.6) (5.7) (1.4) 

Psilochorema tautorn 0 0 0.4 0 0 0.1 
(0.5) (0.1) 

Edpercivalia maxima 0 0 0.4 0 0 0.1 
(0.5) (0.1) 

Hydrochorema telluicaudatllm 0.4 0 0 0 0 0.1 
(0.5) (0.1) 

Costachorema callista 2 0 0 0 0 0.4 
(1.4) (0.4) 

Nellrochorema confusum 0 0 11 0 0 2.2 
(0.5) (10.9) (2.1) 

early instar Hydrobiosidae 38 9 22 14 1 16.8 
(21.7) (3.9) (13.2) (6.3) (1.4) (6.3) 

Oxyethira albiceps 10 8 29 0 0 9.5 
(5.9) (5.7) (12.0) (0.5) (5.2) 

Paroxyethira eatoni 0 1 1 0 0 0.4 
(0.6) (1.4) (0.3) 

Oeconesus similis ? 0 0 11 0 0 2.1 
(10.9) (2.1) 

Zelandopsyche ingens 0 2 0 0 0 ' 0.4 

(1.4) (0.5) (0.3) 
Philorheithrns agilis 18 8 25 0 0 10.4 

(11.7) (5.8) (16.1) (0.5) (5.0) 
Zelolessica cheira 0 0 82 0 8 18.0 

(32.0) (0.5) (6.7) (16.0) 
Pycnocentria evecta 13 5 152 0 70 48.1 

(7.9) (5.5) (62.9) (38.1) (28.8) 
Pycnocentrodes sp. 15 10 31 3 224 56.5 

(8.0) (7.0) (12.9) (1.6) (108.2) (42.1) 
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Beraeoptera roria 95 98 53 18 3 53.4 
(35.4) (36.4) (42.6) (6.1) (1.8) (19.3) 

Olinga feredayi 65 21 107 13 0 41.1 
(24.1) (8.3) (63.7) (5.8) (19.7) 

Oribatei sp. A 43 53 38 12 2 29.6 
(13.0) (14.1) (19.5) (4.9) (1.5) (9.6) 

Oribatei sp. B 0 0 0 2 0 0.4 
(1.4) (0.4) 

Hydrachenellae sp. A 197 210 227 37 5 135.3 
(151.9) (99.5) (101.9) (18.5) (5.5) (47.1) 

Notoaturinae sp. A 11 21 63 10 0 21.0 
(3.5) (10.9) (33.7) (4.7) (10.9) 

Hydrachenellae sp. C 0 0.4 0 0 0 0.1 
(0.5) (0.1) 

Notoaturinae sp. D 0.4 0 0 0 0 0.1 
(0.5) (0.1) 

Notoaturinae sp. E 0 0 5 0 0 1.1 
(5.5) (1.1) 

parasitic mite 1 0 0 1 0 0.4 
(0.6) (1.4) (0.3) 

pupae 29 11 8 3 0 10.1 
(10.4) (4.1) (6.6) (1.6) (0.5) (5.0) 

Number of species 54 54 64 45 30 49.4 
(5.7) 

Total number of individuals 3752 3265 4015 727 405 2432.8 
(773.2) 
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MIDDLE BUSH STREAM 

Taxon Spring 1 Summer Autumn Winter Spring 2 Average 

Neppia montana 62 58 24 29 51 44.7 
(11.7) (15.3) (8.0) (9.6) (18.4) (7.8) 

Rhabdocoela 0 0 0 0 1 0.3 
(1.4) (0.3) 

Nematoda sp. A 70 75 41 21 0 41.2 
(12.9) (19.7) (12.3) (6.5) (14.2) 

Potamopyrgus antipodarum 0 0 ·3 0 0 0.6 
(1.8) (0.6) 

Slavin a sp. 237 10 0 44 7 59.5 
(41.7) (3.5) (13.8) (4.2) (45.0) 

Eiseniella sp. 0 140 106 46 11 60.5 
(47.3) (29.2) (24.4) (4.7) (27.2) 

Tubificidae sp. 0 0 5 5 2 2.3 
(2.7) (2.3) (1.6) (1.1) 

Lumbriculus variegatus 0 1 0 0 0 0.1 
(0.7) (0.1) 

Tardigrada sp. A 1 0 0 0 0 0.1 
(0.7) (0.1) 

Chydoridae sp. 5 0 0 0 0 1.0 
(2.9) (1.0) 

Ostracoda sp. A 266 89 306 111 18 157.9 
(83.4) (29.8) (141.0) (26.5) (6.7) (54.9) 

Ostracoda sp. C 0 0 1 0 0 0.3 
(1.4) (0.3) 

Harpacticoid Copepoda 12 0 1 3 0 3.1 
(4.0) (0.7) (2.8) (2.2) 

Collembola 38 18 2 7 18 16.6 
(6.6) (7.0) (0.9) (2.9) (6.6) (6.2) 

Microchorista philpotti 0 0 0 1 0 0.1 
(0.7) (0.1) 

Nesameletus sp. 30 10 11 17 8 15.0 
(10.8) (4.0) (4.7) (5.2) (4.1) (3.9) 

Deleatidium sp. 
(myzobranchia-group) 59 35 107 106 43 70.0 

(13.2) (12.6) (25.6) (17.6) (11.3) (15.4) 
Stenoperla macletlani 2 0 4 0 1 1.4 

(1.6) (2.5) (0.7) (0.8) 
Austroperla cyrene 1 0 0 0 0 0.3 

(1.4) (0.3) 
Acroperla spiniger 0 1 1 0 0 0.4 

(0.7) (1.4) (0.3) 
Zelandobius furcillatus 12 0 2 2 0 3.3 

(7.4) (1.4) (1.4) (2.3) 
Zelandobius confusus 1 12 0 0 0 2.8 

(1.4) (4.1) (2.4) 
Zelandobius unicolor 0 1 1 0 5 1.5 

(1.4) (1.4) (3.5) (0.9) 
Zelandobius pilosus 1 0 1 3 0 0.8 

(0.7) (0.7) (1.7) (0.5) 
Spaniocerca zelandica 127 55 80 39 11 62.6 

(26.5) (21.5) (33.6) (14.8) (7.1) (19.7) 
Crista perla fimbria 5 0 3 1 3 2.6 

(3.2) (2.7) (1.4) (3.4) (0.8) 
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Hydrophilidae larvae indet. 0 0 0 0 1 0.1 
(0.7) (0.1) 

Staphylinidae 0 1 0 1 3 1.2 
(1.4) (1.4) (3.4) (0.6) 

Orchymontia spinipennis 8 13 1 5 4 6.1 
(3.2) (4.7) (0.7) (2.3) (2.0) (2.1) 

Homalaena spatulata 20 17 6 12 5 12.1 

(6.2) (5.1) (3.6) (3.5) (4.3) (3.0) 
Hydraenidae larvae sp. A 0 0 1 0 0 0.1 

(0.7) (0.1) 
Scirtidae sp. A 1 0 0 0 0 0.3 

(1.4) (0.3) 
Scirtidae sp. B 17 4 6 2 0 5.8 

(5.3) (2.0) (2.3) (1.4) (3.0) 
Scirtidae sp. C 0 0 1 0 1 0.3 

(0.7) (0.7) (0.2) 
Scirtidae sp. D 0 4 0 0 0 0.8 

(2.2) (0.8) 
EImidae larvae sp. A 2 3 6 0 0 2.2 

(1.6) (1.7) (3.8) (1.1) 
Eriopterini sp. 0 1 0 0 0 0.1 

(0.7) (0.1) 
Limonia nigrescens 0 1 0 1 0 0.4 

(0.7) (1.4) (0.3) 
?Molophilus sp. 1 0 0 0 0 0.3 

(1.4) (0.3) 
Ceratopogonidae 4 0 1 0 1 1.2 

(2.9) (0.9) (0.7) (0.8) 
Forcipomyiinae sp. A 1 0 0 0 0 0.1 

(0.7) (0.1) 
Forcipomyiinae sp. B 1 0 0 0 0 0.3 

(1.4) (0.3) 
Austrosimulium albovelatum 4 14 5 8 8 7.8 

(2.9) (5.5) (2.9) (4.2) (4.3) (1.7) 
Thaumaleidae 0 3 0 0 0 0.6 

(2.8) (0.6) 
Macropelopiini sp. 79 19 31 7 9 28.9 

(24.6) (5.5) (14.6) (2.3) (4.2) (13.1) 
Maoridiamesa harrisi 0 1 0 0 0 0.3 

(1.4) (0.3) 
Paucispinigera sp. 234 113 137 49 1 106.9 

(44.1) (43.4) (48.9) (13.8) (1.4) (39.8) 
Polypedilum sp. 1 0 0 0 0 0.3 

(1.4) (0.3) 
Tanytarsus vespertinus 1 1 0 3 3 1.9 

(0.9) (1.4) (2.9) (2.9) (0.7) 
Tanytarsus sp. 0 19 1 8 3 6.4 

(8.2) (1.4) (4.0) (1.7) (3.6) 
?Rheocricotopus sp. 42 90 31 12 10 37.0 

(6.9) (26.1) (9.1) (4.7) (4.6) (14.4) 
Orthoc1adiinae sp. C 5 0 1 0 2 1.6 

(3.7) (1.4) (1.6) (0.9) 
Eukiefferiella claripennis 5 2 3 4 1 3.3 

(3.7) (1.6) (1.7) (3.5) (0.9) (0.7) 
Eukiefferiella sp. B 1 0 0 0 0 0.1 

(0.7) (0.1) 
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Cricotopus aucklandensis 2 2 0 0 0 0.8 
(1.6) (1.6) (0.5) 

Nothodixa sp. 6 8 7 3 0 4.7 
(2.0) (3.9) (2.8) (1.7) (1.4) 

Empididae sp. A 0 0 0 6 0 1.2 
(3.6) (1.2) 

Empididae sp. B 33 32 23 6 8 20.4 
(8.9) , (9.6) (8.4) (3.2) (3.0) (5.8) 

Empididae sp. C 0 0 0 0 1 0.3 
(1.4) (0.3) 

Limnophora sp. A 0 0 0 0 1 0.1 
(0.7) (0.1) 

Diptera indet. 0 0 1 1 0 0.3 
(0.7) (0.7) (0.2) 

Osmylidae 1 0 0 0 0 0.3 
(1.4) (0.3) 

Hydrobiosella stenocerca 15 4 7 5 8 8.0 
(5.9) (2.5) (4.5) (3.5) (3.4) (1.9) 

Aoteapsyche colonica 0 2 0 0 0 0.4 
(1.6) (0.4) 

Aoteapsyche raruraru 0 0 1 0 0 0.1 
(0.7) (0.1) 

Hydrobiosis spatulata 1 0 0 0 0 0.1 
(0.7) (0.1) 

early instar Hydrobiosidae 8 37 17 12 1 15.1 
(4.1) (10.2) (7.4) (3.8) (1.4) (6.1) 

Zelandopsyche ingens 2 3 1 2 0 1.6 
(0.9) (1.8) (1.4) (1.4) (0.5) 

Philorheithrus agilis 46 4 34 11 2 19.6 
(14.0) (2.5) (12.6) (4.6) (1.6) (8.8) 

Zelolessica cheira 0 0 1 0 0 0.3 
(1.4) (0.3) 

Pycnocentria sylvestris 0 0 0 0 1 0.3 
(1.4) (0.3) 

Pycnocentrodes sp. 0 1 0 0 0 0.3 
(1.4) (0.3) 

Olinga Jeredayi 10 10 10 1 0 5.9 
(4.1) (3.9) (6.8) (0.7) (2.3) 

Oribatei sp. A 3 2 12 4 1 4.4 
(1.7) (1.6) (7.5) (2.6) (1.4) (1.8) 

Hydrachenellae sp. A 1 14 19 4 5 8.6 
(0.7) (4.4) (9.8) (3.5) (3.7) (3.4) 

Hydrachenellae sp. B 0 0 0 0 2 0.4 
(0.9) (0.4) 

, Notoaturinae sp. A 8 79 70 20 8 37.0 
(3.3) (21.5) (24.9) (8.6) (3.4) (15.6) 

Hydrachenellae sp. C 0 2 6 1 0 1.9 
(1.6) (3.8) (1.4) (1.1) 

Notoaturinae sp. D 7 0 0 0 0 1.4 
(3.3) (1.4) 

Hygrobatidae sp. A 0 1 0 0 0 0.3 
(1.4) (0.3) 

Hydrachenellae sp. E 0 0 0 1 0 0.3 
(1.4) (0.3) 

parasitic mite 0 1 0 0 0 0.1 
(0.7) (0.1) 
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pupae 4 3 1 1 0 2.1 
(2.5) (1.9) (0.9) (0.9) (0.8) 

Number of species 49 46 46 41 38 44.0 
(2.0) 

Total number of individuals 1338 931 1157 642 239 861.4 
(194.3) 
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GRASMERE STREAM 

Taxon Spring 1 Summer Autumn Winter Spring 2 Average 

Hydridae sp. A 1 0 0 1 9 2.0 
(0.6) (0.6) (5.1) (1.7) 

Hydridae sp. B 6 3 0 0 0 1.9 
(4.4) (1.2) (1.3) 

Neppia montana 7 3 0 0 0 2.0 
(4.9) (2.3) (1.5) 

Rhabdocoela 0 2 0 0 4 1.2 
(2.2) (2.9) (0.8) 

Nematoda sp. A 0 59 141 116 6 64.1 
(18.4) (59.2) (72.8) (2.8) (28.3) 

Potamopyrgus antipodarum 89 75 99 49 6 63.7 ' 
(29.2) (28.5) (41.2) (20.5) (2.7) (16.8) 

Physa sp. 0 18 2 0 0 4.0 
(13.3) (2.2) (3.5) 

Lymnaea tomentosa 0 0 0 1 0 0.1 
(0.6) (0.1) 

Slavilla sp. 71 0 0 14 5 17.8 
(21.2) (9.6) (2.8) (13.4) 

Eiseniella sp. 0 148 402 83 67 140.0 
(41.5) (213.7) (27.4) (25.7) (69.6) 

Tubificidae sp. 1 1 0 0 17 3.8 
(0.8) (0.6) (12.4) (3.4) 

Lumbriculus variegatus 0 0 1 0 0 0.2 
(0.8) (0.2) 

Oligocheata sp. 0 3 0 0 1 0.7 
(2.3) (0.6) (0.5) 

Tardigrada sp. A 0 19 6 1 0 5.2 
(15.8) (4.6) (1.3) (3.6) 

Chydoridae sp. 1 50 10 48 69 35.6 
(0.8) (14.6) (5.5) (19.2) (12.6) (12.8) 

Bosmilla meridiollalis 0 0 0 157 5 32.4 
(39.5) (2.8) (31.2) 

Ostracoda sp. A 15 2 14 10 6 9.3 
(6.9) (1.3) (9.2) (4.7) (4.5) (2.4) 

Ostracoda sp. B 0 2 0 0 0 0.4 
(2.2) (0.4) 

Harpacticoid Copepoda 11 10 2 10 10 8.3 
(6.6) (4.4) (1.0) (5.3) (4.3) (1.7) 

Cyclopoid Copepoda 11 3 23 29 14 16.1 
(3.0) (2.3) (7.8) (10.5) (5.0) (4.5) 

Collembola 22 0 0 2 32 11.1 
(8.9) (1.3) (13.2) (6.6) 

Coloburiscus humeralis 19 70 97 96 8 '57.9 
(10.3) (18.7) (23.6) (39.7) (3.5) (19.0) 

Nesameletus sp. 5 1 2 2 0 2.2 
(4.4) (1.3) (2.2) (2.2) (0.9) 

Deleatidium sp. 
(myzobranchia-group) 334 81 0 236 180 166.2 

(58.1) (18.5) (54.4) (51.1) (58.4) 
Deleatidium sp. (lillii-group) 0 0 227 0 0 45.4 

(53.9) (45.4) 
Zelandoperla decorata 4 0 0 0 0 0.8 

(4.2) (0.8) 
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Zelandobius confusus a 1 a a a 0.2 
(1.3) (0.2) 

Zelandobius unicolor a 1 a 5 a 1.1 
(0.6) (4.2) (0.9) 

Archichauliodes diversus a 3 1 1 2 104 
(2.3) (0.8) (0.6) (2.2) (0.6) 

Microvelia sp. a a a a 1 0.1 
(0.6) (0.1) 

Scirtidae sp. B 2 0 a 0 a 004 
(2.2) (004) 

Scirtidae sp. C a 0 a 0 4 0.8 
(2.7) (0.8) 

Elmidae larvae sp. A 14 27 20 6 13 16.0 
(SA) (10.3) (9.3) (5.6) (8.1) (3.5) 

Aphrophila neozelandica 26 414 34 42 32 109.8 . 

(11.2) (74.3) (9.6) (13.0) (10.6) (76.2) 
Ceratopogonidae a 0 a 0 2 004 

(2.2) (004) 
Austrosimulium albovelatum 988 39 14 18 24 216.6 

(199.3) (14.5) (5.9) (7.0) (11.8) (192.9) 
Macropelopiini sp. 3 1 0 2 a 1.2 

(2.3) (0.6) (2.2) (0.7) 
Parochlus sp. A 10 1 0 a 0 2.0 

(5.5) (0.6) (1.9) 
Parochlus sp. B 0 a 0 0 2 004 

(2.2) (004) 
Maoridiamesa harrisi 760 1753 1005 1419 162 1019.8 

(222.7) (258.3) (196.0) (252.5) (74.5) (273.9) 
Paucispinigera sp. 7 a 0 a 0 1.5 

(4.8) (1.5) 
Tanytarsus vespertinus 4 0 5 0 0 1.8 

(2.7) (4.3) (1.1) 
?Rheocricotopus sp. 322 1945 244 155 62 545.8 

(110.6) (396.6) (6804) (53.5) (17.9) (352.6) 
Orthocladiinae sp. B a a a 23 1 4.8 

(9.7) (0.6) (4.6) 
Orthocladiinae sp. A a 2 0 0 0 004 

(2.2) (004) 
Eukiefferiella claripennis 283 1226 346 187 109 430.5 

(4804) (169.1) (79.5) (49.0) (28.2) (203.1) 
Eukiefferiella sp. B a 172 23 a a 39.0 

(45.3) (8.0) (33.5) 
Cricotopus aucklandensis 86 3948 185 82 4 860.9 

(21.7) (811.2) (66.9) (25.0) (2.5) (772.3) 
Nothodixa sp. 0 2 1 3 5 2.2 

(2.2) (0.8) (2.3) (2.8) (0.9) 
Empididae sp. A 0 5 0 a 0 '1.1 

(2.8) (1.1) 
Empididae sp. B 0 a 1 0 a 0.2 

(0.8) (0.2) 
Empididae sp. C 2 a 0 0 0 004 

(2.2) (004) 
Limnophora sp. A 0 7 a 0 a 1.3 

(3.2) (1.3) 
Limnophora sp. B 1 0 0 0 0 0.1 

(0.6) (0.1) 
Diptera indet. 0 0 a 2 0 004 

(2.2) (004) 
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Polyplectropus puerilis 2 a a a a 0.4 
(2.2) (0.4) 

Aoteapsyche colonica 119 1661 342 164 165 490.3 
(44.5) (261.1) (129.0) (39.7) (47.5) (295.1) 

Aoteapsyche raruraru a a 1 a a 0.2 
(0.8) (0.2) 

Hydrobiosis parumbripennis 10 22 6 3 2 8.7 
(6.0) (6.9) (2.8) (2.3) (2.2) (3.6) 

Hydrobiosis spatulata 7 1 a 1 a 1.7 
(2.8) (0.8) (0.6) (1.2) 

Psilochorema nemorale 1 7 3 1 a 2.4 
(0.6) (5.0) (2.3) (1.3) (1.3) 

Psilochorema macro/zarpax a a 1 a a 0.2 
(0.8) (0.2) 

Psilochorema tautoru a 1 a a a 0.1 
(0.6) (0.1) 

Costachorema brachyptera a a a a 2 0.4 
(2.2) (0.4) 

Neurochorema confusum 33 127 48 60 14 56.3 
(9.4) (27.4) (12.5) (24.7) (7.0) (19.2) 

early instar Hydrobiosidae 31 210 59 10 12 64,4 
(10.2) (43.1) (14.3) (4.9) (6.2) (37.5) 

Oxyethira albiceps 9 34 4 8 0 10.8 
(4.5) (9.9) (2.4) (4.5) (6.1) 

Hudsonema aliena 0 3 0 0 a 0.7 
(2.5) (0.7) 

Hudsonema amabilis 3 10 4 1 1 3.9 
(2.5) (7.8) (4.3) (1.3) (0.6) (1.7) 

Zelolessica cheira 0 0 21 5 . 0 5.0 
(10.2) (2.9) (4.0) 

Pycnocentria evecta 233 405 462 419 30 309.7 
(48.3) (100.3) (150.4) (95.7) (19.3) (80.1) 

Pycnocentrodes sp. 112 33 47 156 14 72.4 
(17.8) (11.8) (12.0) (46.3) (7.7) (26.6) 

Beraeoptera roria 3 5 12 43 3 13.1 
(2.3) (2.6) (6.1) (13.9) (2.5) (7.7) 

Olinga jeredayi 85 58 77 54 41 62.7 
(32.0) (14.3) (27.7) (27.5) (31.6) (8.0) 

Conuxia gunni 0 0 a 2 0 0.4 
- (2.2) (0.4) 

Oribatei sp. A 0 0 0 1 1 0.2 
(0.6) (0.6) (0.1) 

Notoaturinae sp. A 2 10 5 0 2 3.8 
(1.6) (4.9) (2.8) (1.9) (1.7) 

Hydrachenellae sp. C 0 0 0 9 0 1.8 
(4.7) (1.8) 

Notoaturinae sp. C 4 0 0 0 0 0.8 
(4.2) (0.8) 

Kritaturus sp. 0 0 0 0 1 0.2 
(0.8) (0.2) 

pupae 162 430 37 35 59 144.4 
(49.9) (99.5) (10.3) (10.5) (18,4) (75.0) 

Number of species 44 50 40 45 43 44.4 
(1.6) 

Total number of individuals 2825 9744 2621 3053 1084 3865.4 
(1509.7) 
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LAKE GRASMERE 

Taxon Spring 1 Summer Autumn Winter Spring 2 Average 

Plumatella repens 0 4 0 0 0 0.9 
(4.4) (0.9) 

Hydridae sp. A 8 0 2 0 0 2.0 
(3.7) (1.6) (1.5) 

Hydridae sp. B 0 49 8 0 0 11.4 
(8.9) (4.6) (9.5) 

Neppia montana 0 0 0 2 0 0.4 
(2.1) (0.4) 

Cura pinguis 60 101 70 11 15 51.4 
(20.2) (21.7) (21.4) (3.3) (4.8) (17.0) 

Rhabdocoela 31 29 5 1 3 13.7 
(13.9) (14.3) (2.8) (0.6) (1.7) (6.7) 

Hirudinea sp. 0 3 1 0 0 0.8 
(1.8) (0.8) (0.6) 

Nematoda sp. A 100 540 354 99 652 349.1 
(36.0) (104.5) (70.3) (36.2) (159.1) (112.4) 

Nematoda sp. B 0 0 0 1 0 0.2 
(0.8) (0.2) 

Potamopyrgus antipodarum 586 2136 1670 255 113 952.1 
(214.8) (607.7) (704.1) (64.5) (42.9) (402.5) 

Physa sp. 14 630 217 12 4 175.7 
(6.2) (165.5) (45.6) (6.5) (2.9) (120.5) 

Gyraulus kahuica 3 3 5 2 0 2.6 
(3.0) (1.7) (3.0) (2.1) (0.8) 

Sphaerium novazelandiae 1 0 0 0 0 0.3 
(1.5) (0.3) 

Slavin a sp. 792 2000 1378 2198 1908 1655.3 
(160.1) (246.9) (247.1) (463.8) (267.6) (254.9) 

Eiseniella sp. 0 0 0 0 107 21.3 
(23.6) (21.3) 

Tubificidae sp. 0 36 32 4 19 18.2 
(7.3) (11.8) (2.5) (9.8) (7.2) 

Lumbriculus variegatus 0 4 0 2 2 1.6 
(2.2) (1.6) (1.6) (0.8) 

Oligocheata sp. 0 189 153 15 5 72.2 
(36.7) (32.4) (4.9) (2.0) (40.7) 

Tardigrada sp. A 94 54 238 38 92 103.3 
(52.4) (23.5) (93.0) (9.8) (20.9) (35.2) 

Tardigrada sp. B 0 0 0 18 0 3.7 
(6.3) (3.7) 

Chydoridae sp. 4546 942 2430 497 395 1762.2 
(1547.5) (139.4) (348.0) (116.9) (83.9) (785.4) 

Bosmina meridionalis 0 0 190 0 19 41.8 
(40.0) (7.7) (37.1) 

Ostracoda sp. A 19 29 55 5 20 25.4 
(9.5) (11.0) (15.7) (2.9) (6.5) (8.3) 

Harpacticoid Copepoda 36 66 86 50 148 77.4 
(15.6) (17.7) (23.2) (29.5) (35.0) (19.6) 

Cyclopoid Copepoda 20 15 83 24 4 29.4 
(8.9) (5.8) (23.9) (10.2) (2.7) (13.9) 

Col1embola 1 2 3 0 2 1.7 
(1.5) (2.1) (2.2) (1.6) (0.5) 
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Deleatidium sp. 
(myzobranchia-group) 0 0 497 0 0 99.5 

(108.6) (99.5) 
Deleatidium sp. (lillii-group) 284 421 0 296 64 212.9 

(67.8) (70.3) (65.9) (17.3) (78.3) 
Procordulia smithi 0 0 0 0 1 0.1 

(0.6) (0.1) 
Zygoptera sp. 0 0 1 0 0 0.1 

(0.6) (0.1) 
Stenoperla maclellani 18 39 14 4 7 16.3 

(4.5) (12.0) (10.8) (2.5) (4.3) (6.1) 
Stenoperla prasina 2 7 11 3 10 6.7 

(0.9) (3.2) (4.7) (1.8) (4.7) (1.9) 
Austroperla cyrene 65 35 11 8 1 24.2 

(43.0) (14.8) (5.5) (3.4) (0.8) (11.8) . 
Zelandobius furcillatus 1 0 5 7 9 4.4 

(1.3) (2.3) (3.1) (304) (1.7) 
Zelandobius pilosus 0 2 0 0 0 004 

(2.1) (004) 
Zelandobius sp. 7 0 0 0 0 1.4 

(3.2) (104) 
Sigara sp. 0 0 0 0 2 004 

(1.6) (004) 
Liodessus plicatus 1 0 0 0 0 0.1 

(0.6) (0.1) 
Elmidae larvae sp. A 1 5 4 0 0 2.1 

(1.5) (3.3) (2.5) (1.1) 
Limonia nigrescens 0 1 0 0 0 0.1 

(0.6) (0.1) 
Ceratopogonidae 0 0 0 0 1 0.3 

(1.5) (0.3) 
Austrosimulium albovelatum 0 1 .0 0 0 0.3 

(1.5) (0.3) 
Macropelopiini sp. 8 7 7 3 1 5.2 

(4.1) (304) (6.1) (2.0) (0.6) (104) 
Parochlus sp. A 18 0 0 1 2 4.2 

(7.7) (0.6) (1.6) (3.5) 
Parochlus sp. B 1 0 0 0 0 0.1 

(0.6) (0.1) 
Maoridiamesa harrisi 121 2 10 11 5 29.7 

(32.9) (1.6) (3.6) (304) (2.7) (22.8) 
Paucispinigera sp. 2 3 3 0 0 1.6 

(1.3) (1.9) (1.8) (0.7) 
Tanytarsus vespertinus 11 3 11 23 26 14.5 

(4.6) (1.7) (404) (604) (7.6) (4.2) 
Tanytarsus sp. 0 0 0 0 11 2.1 

(5.7) (2.1) 
Chironomus sp. 0 0 1 0 0 0.1 

(0.6) (0.1) 
?Cladopelma sp. 0 0 0 0 2 004 

(2.1) (004) 
?Rheocricotopus sp. 61 22 132 94 10 63.6 

(23.0) (4.6) (2904) (33.5) (4.7) (22.7) 
Limnophyes sp. 99 7 6 1 18 26.2 

(38.6) (3.2) (3.7) (0.6) (504) (1804) 
Orthocladiinae sp. B 0 0 0 0 1 0.3 

(1.5) (0.3) 
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E.>rthoc1adiinae sp. C 0 0 11 0 0 2.1 
(6.0) (2.1) 

Eukiefferiella claripennis 17 0 1 4 2 4.9 
(12.0) (0.8) (4.3) (2.1) (3.1) 

Eukiefferiella sp. B 1421 844 728 1431 133 911.4 
(467.8) (164.0) (184.8) (318.5) (32.8) (242.3) 

Cricotopus aucklandensis 82 45 89 70 46 66.4 
(25.4) (11.4) (18.6) (11.4) (10.7) (9.0) 

Cricotopus sp. 5 0 6 11 0 4.2 
(2.7) (2.9) (4.8) (2.0) 

Stratiomyidae 1 0 0 0 0 0.2 
(0.8) (0.2) 

Empididae sp. B 0 2 0 0 0 0.4 
(2.1) (0.4) 

Ephydridae ? 2 0 0 0 0 0.4 
(1.3) (0.4) 

Neoscatella ? 1 0 0 0 0 0.1 
(0.6) (0.1) 

Ep/tydrella sp. 3 0 0 0 0 0.6 
(1.8) (0.6) 

Limnophora sp. A 1 0 0 0 1 0.4 
(1.5) (0.6) (0.3) 

Polyplectropus puerilis 0 1 4 1 0 1.0 
(0.6) (2.5) (0.6) (0.7) 

Psilochorema bidens 0 0 0 1 0 0.1 
(0.6) (0.1) 

Neurochorema confusum 0 0 0 1 0 0.2 
(0.8) (0.2) 

Oxyethira albiceps 71 35 31 7 5 29.8 
(28.5) (10.2) (9.6) (3.8) (2.0) (12.0) 

Paroxyethira eatoni 1 0 1 0 1 0.6 
(0.6) (1.3) (1.5) (0.3) 

Paroxyethira hendersoni 1 1 12 0 0 2.7 
(1.5) (0.6) (3.5) (2.2) 

Oeconesus maori ? 0 0 0 0 1 0.1 
(0.6) (0.1) 

Hudsonema aliena 0 0 1 0 0 0.3 
(1.5) (0.3) 

Hudsonema amabilis 3 98 33 6 2 28.2 
(1.9) (16.3) (6.8) (3.4) (1.3) (18.3) 

Pycnocentrodes aureola 19 3168 225 193 47 730.4 
(6.6) (679.4) (48.4) (61.8) (16.4) (610.8) 

Oribatei sp. A 15 15 8 11 20 13.7 
(7.8) (4.6) (4.0) (3.3) (4.0) (2.0) 

Hydrachenellae sp. A 1 1 1 1 0 0.6 
(1.3) (0.6) (0.6) (0.6) (0.2) 

Notoaturinae sp. A 4 4 2 1 1 2.5 
(2.5) (2.6) (2.1) (0.8) (0.8) (0.6) 

Hydrachenellae sp. C 0 0 0 0 1 0.3 
(1.5) (0.3) 

Hydrachenellae sp. D 0 5 0 0 0 1.0 
(2.6) (1.0) 

Pion a uncata exigua (nymph) 0 6 16 0 0 4.4 
(4.3) (4.9) (3.2) 

parasitic mite 0 0 0 10 0 1.9 
(7.2) (1.9) 



Appendix!: Density Data 288 

pupae 50 34 34 S 25 30.2 
(20.9) (6.6) (S.9) (3.7) (S.4) (6.7) 

Number of species 48 46 49 43 46 46.4 
(1.0) 

Total number of individuals 9147 10993 S464 5481 3979 7612.S 
(1270.0) 



APPENDIX II 

COMPUTER PROGRAMS 

I have used computer programs written in Turbo BASIC throughout the course of 

my study. I have included examples of two such programs below, one I used to fit 

species-abundance models and the other which I used to model random colonisa

tion and disturbance of communities in my basket experiment. 

PROGRAM 1 - SPECIES-ABUNDANCE MODELS 

'****************************************************************************************************** 

REM PROGRAM TO FIT LOG SERIES, TRUNCATED LOG NORMAL, BROKEN STICK, AND 
GEOMETRIC SERIES DISTRIBUTIONS 
'****************************************************************************************************** 

CLS 
DEFDBLA-Z 
DIM A(100), D(l7), E(100), S$(100), S(17), L(l7), C(17), P(l00) B(17), V(6,100), Y(100), G(100) 
DIM SList(100), F(100), Z(100), X(100) 

'****************************************************************************************************** 

REM INPUT DATA 
'****************************************************************************************************** 

U = 16 
PRINT "WHAT SITE IS TIllS": INPUT B$ 
A$ = "A:\TOTALS\" + B$ + ".COM" 
PRINT "HOW MANY SPECIES ARE TIlERE": INPUT S 
OPEN A$ FOR INPUT AS 1 
FORI = 1 TO S 

NEXT I 

INPUT#l, S$eI) 
FORJ = 1 T06 

INPUT#l, VeJ,I) 
NEXTJ 
FORJ = 1 T05 

A(I) = A(I) + V(J,I) 
NEXTJ 
IF A(I) > Z6 TIlEN Z6 = A(I) 
N=N+A(I) 

REM SET UPPER LIMIT TO DISTRIBUTION 

PRINT 
PRINT USING "TIlE MAXIMUM DENSITY IS = ########";Z6 
PRINT 
PRINT "COMPARE WITH UPPER LIMITS FOR U = 16 OF 32768" 
PRINT" U = 15 OF 16384" 
PRINT" U = 14 OF 8192" 
PRINT" U = 13 OF 4096" 
PRINT" U = 12 OF 2048" 
PRINT" U = 11 OF 1024" 
PRINT" U = 10 OF 512" 
PRINT" U = 9 OF 256" 
PRINT" U = 8 OF 128" 
PRINT" U = 7 OF64" 
PRINT 
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PRINT "DO YOU WISH TO CHANGE U": INPUT P$ 
IF P$ = "y" OR P$ = "Y" THEN PRINT "WHAT IS THE NEW VALUE FOR U": INPUT U 
PRINT 
CLS 
CLOSE 1 

REM OBSERVED FREQUENCY DISTRIBUTION 

FORI = 1 TOS 
IF A(I) < = 1 THEN D(l) = D(l) + 1 
IF A(I) < = 2 AND A(I) > 1 THEN D(2) = D(2) + 1 
IF A(I) < = 4 AND A(I) > 2 THEN D(3) = D(3) + 1 
IF A(I) < = 8 AND A(I) > 4 THEN D(4) = D(4) + 1 
IF A(I) < = 16 AND A(I) > 8 THEN D(5) = D(5) + 1 
IF A(I) < = 32 AND A(I) > 16 THEN D(6) = D(6) + 1 
IF A(I) < = 64 AND A(I) > 32 THEN D(7) = D(7) + 1 
IF A(I) < = 128 AND A(I) > 64 THEN D(8) = D(8) + 1 
IF A(I) < = 256 AND A(I) > 128 THEN D(9) = D(9) + 1 
IF A(I) < = 512 AND A(I) > 256 THEN D(10) = D(lO) + 1 
IF A(I) < = 1024 AND A(I) > 512 THEN D(ll) = D(ll) + 1 
IF A(I) < = 2048 AND A(I) > 1024 THEN D(12) = D(12) + 1 
IF A(I) < = 4096 AND A(I) > 2048 THEN D(13) = D(13) + 1 
IF A(I) < = 8192 AND A(I) > 4096 THEN D(14) = D(14) + 1 
IF A(I) < = 16384 AND A(I) > 8192 THEN D(15) = D(15) + 1 
IF A(I) < = 32768 AND A(I) > 16384 THEN D(16) = D(16) + 1 
IF A(I) > 32768 THEN PRINT: PRINT ""**WARNING UPPER LIMIT EXCEEDED····" 

NEXT I 

GGO: 
PRINT "WHAT DISTRIBUTION DO YOU WISH TO FIT" 
PRINT" 1 = LOG SERIES" 
PRINT" 2 = LOGNORMAL" 
PRINT" 3 = BROKEN STICK" 
PRINT" 4 = GEOMETRIC SERIES " 
PRINT: INPUT FG 

CLS 

IF FG = 1 THEN D$ = "LOG SERIES" 
IF FG = 2 THEN D$ = "LOG NORMAL" 
IF FG = 3 THEN D$ = "BROKEN STICK" 
IF FG = 4 THEN D$ = "GEOMETRIC SERIES" 

IF D$ = "LOG SERIES" THEN GOSUB LOGIT 
IF D$ = "LOG NORMAL" THEN GOSUB LOGNORM 
IF D$ = "BROKEN STICK" THEN GOSUB BROKEN 
IF D$ = "GEOMETRIC SERIES" THEN GOSUB GEOMETRIC 

IF D$ = "LOG SERIES" OR D$ = "LOG NORMAL" OR D$ = "BROKEN STICK" THEN GOSUB GOODFIT 
PRINT 
PRINT "DO YOU WANT TO FIT ANOTHER MODEL": INPUT Z$ 
IF Z$ = "Y" OR Z$ = "y" THEN GOTO GGO 
END 

'****************************************************************************************************** 

REM LOG SERIES 
'****************************************************************************************************** 

LOGIT: 
B=O 
PRINT USING "WHAT IS THE START VALUE OF X GIVEN THAT N/S = #####.##"iN/S 
PRINT 
PRINT "X IS ALWAYS 0.9 > X < 1.0" 
PRINT "AND WHEN N/S > 20 X WILL BE GREATER THAN 0.99" 
PRINT 
PRINT: INPUT X 
R= SIN 

ITERATE: 
E = «1- X)/X)*( - l'LOG(l- X» 
IF ABS(R - E) > 0.001 AND E > R THEN X = X + 0.0001: GOTO ITERATE 
IF ABS(R - E) > 0.001 AND E < R THEN X = X - 0.0001: GOTO ITERATE 
IF ABS(R - E) > 0.00001 AND E > R THEN X = X + 0.000001: GOTO ITERATE 
IF ABS(R - E) > 0.00001 AND E < R THEN X = X - 0.000001: GOTO ITERATE 
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IF ABS(R - E) > 0.000001 AND E > R THEN X = X + 0.0000001: GOTO ITERATE 
IF ABS(R - E) > 0.000001 AND E < R THEN X = X - 0.0000001: GOTO ITERATE 

PRINT USING "ESmMATE OF x = ##.#####";X 
PRINT "REINPUT X": INPUT Y 
A = N*(l - Y)/y . 
PRINT USING "ALPHA = ##.####";A 

REM EXPECTED FREQUENCY FOR LOG SERIES 

FORJ=lTO(U-l) 
IF J = 1 THEN C = 1: C1 = 1 
IF J = 2 THEN C = 2: C1 = 2 
IF J = 3 THEN C = 3: C1 = 4 
IF J = 4 THEN C = 5: C1 = 8 
IF J = 5 THEN C = 9: C1 = 16 
IF J = 6 THEN C = 17: C1 = 32 
IF J = 7 THEN C = 33: C1 = 64 
IF J = 8 THEN C = 65: C1 = 128 
IF J = 9 THEN C = 129: C1 = 256 
IF J = 10 THEN C = 257: C1 = 512 
IF J = 11 THEN C = 513: C1 = 1024 
IF J = 12 THEN C = 1025: C1 = 2048 
IF J = 13 THEN C = 2049: C1 = 4096 
IF J = 14 THEN C = 4097: C1 = 8192 
IF J = 15 THEN C = 8193: C1 = 16384 

FORI = CTO C1 
S(J) = S(J) + (A *(YAI)/I) 

NEXT I 
B = B + (INT(S(J)*100» 

NEXTJ 
S(U) = S - (B/100) 

FORJ = 1 TOU 
E(J) = S(J) 
S(1) = 0 

NEXTJ 
RETURN 

'****************************************************************************************************** 

REM LOGNORMAL DISTRIBUTION 
'****************************************************************************************************** 

LOGNORM: 
V=O:T=O 
X = - 0.30103 
FORI = 1 TOS 

NEXT I 

P(I) = LOGlO(A(I» 
T = T + P(I) 

M=T/S 
FORI = 1 TOS 

V = V + «P(I) - MP) 
NEXT I 
V = vies -1) 
G = V/«M-XP) 
PRINT USING "WHAT IS THE AUXILIARY ESTIMATION FUNCTION FOR G = ##.###";G: INPUT G 
A = M- G*(M-X) 
B = V + G*«M - X)"2) 
Z = (X - A)/(SQR(B» 

o = 1/SQR(2. *3.1415926536) 
Q = 1/(1 + 0.2316419*(ABS(Z») 
H = Q*(0.319381530 + Q*(-0.356553782 + Q*(1.781477937 + Q*(-1.821255978 + Q*1.330274429»» 
P = O*(EXP( - (ABS(Z)P/2»*H 
P = 0.5 - P 
IF Z < 0 THEN P = 0.5 - P 
IFZ> OTHENP = 0.5 + P 
E = S/(1- P) 
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REM EXPECI'ED FREQUENCY FOR LOG NORMAL 

FORJ = 1 TO U 
IF J = 1 THEN L = (LOG10(0.5) - A)/(SQR(B» 
IF J = 2 THEN L = (LOG10(1) - A)/(SQR(B» 
IF J = 3 THEN L = (LOG10(2) -A)/(SQR(B» 
IF J = 4 THEN L = (LOGlO(4) - A)/(SQR(B» 
IF J = 5 THEN L = (LOGlO(8) - A)/(SQR(B» 
IF J = 6 THEN L = (LOGlO(16) - A)/(SQR(B» 
IF J = 7 THEN L = (LOG10(32) -A)/(SQR(B» 
IF J = 8 THEN L = (LOG10(64) - A)/(SQR(B» 
IF J = 9 THEN L = (LOG10(128) - A)/(SQR(B» 
IF J = 10 THEN L = (LOG10(256) - A)/(SQR(B» 
IF J = 11 THEN L = (LOGlO(512) - A)/(SQR(B» 
IF J = 12 THEN L = (LOGlO(1024) - A)/(SQR(B» 
IF J = 13 THEN L = (LOGI0(2048) - A)/(SQR(B» 
IF J = 14 THEN L = (LOGlO(4096) - A)/(SQR(B» 
IF J = 15 THEN L = (LOGlO(8192) - A)/(SQR(B» 
IF J = 16 THEN L = (LOGlO(16384) - A)/(SQR(B» 

REM CALCULATE AREA UNDER THE NORMAL CURVE 

Q = 1/(1 + 0.2316419*(ABS(L») 
H = Q*(0.319381530 + Q*( - 0.356553782 + Q*(1.781477937 + Q*( - 1.821255978 + Q*1.330274429»» 
P = O*(EXP( - (ABS(L»)"2/2»*H 
P = 0.5 - P 
IF L < 0 THEN P = 0.5 - P 
IFL> OTHENP = 0.5 + P 
L(1) = E*P 

NEXTJ 

L(U + 1) = E 
FORJ = 1 TO (U + 1) 

C(J) = L(J) - L(J - 1) 
NEXTJ 
FORJ = 1 TOU 

E(J) = C(J + 1) 
NEXTJ 

PRINT USING "VEIL ###.##"iL(l) 
RETURN 

'****************************************************************************************************** 

REM BROKEN STICK MODEL 
'****************************************************************************************************** 

BROKEN: 
B=O 
FOR J = 1 TO (U - 1) 

IF J = 1 THEN C = 1: Cl = 1 
IFJ = 2THENC = 2: C1 = 2 
IF J = 3 THEN C = 3: Cl = 4 
IF J = 4 THEN C = 5: Cl = 8 
IF J = 5 THEN C = 9: C1 = 16 
IF J = 6 THEN C = 17: C1 = 32 
IF J = 7 THEN C = 33: C1 = 64 
IF J = 8 THEN C = 65: C1 = 128 
IFJ = 9THENC = 129: C1 = 256 
IF J = 10 THEN C = 257: C1 = 512 
IF J = 11 THEN C = 513: C1 = 1024 
IF J = 12 THEN C = 1025: C1 = 2048 
IF J = 13 THEN C = 2049: C1 = 4096 
IF J = 14 THEN C = 4097: C1 = 8192 
IF J = 15 THEN C = 8193: C1 = 16384 

FORI = CTO C1 
B(J) = B(J) + (S*(S - l)/N)*«l- I/N)"(S - 2» 

NEXT I 
B = B + (INT(B(J)*100» 

NEXTJ 



B(U) = S - (Bj1oo) 

FORJ = 1TOU 
E(J) = B(J) 
B(J) = 0 

NEXTJ 
RETURN 
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'****************************************************************************************************** 

REM GEOMETRIC SERIES 
,.********************************************.*.****************************************************** 

GEOMETRIC: 
R = A(1): B = 0 
FORI = 1 TOS 

IF A(I) < R THEN R = A(I) 
NEXT I 
R = RfN: R = R'1000 
PRINT "INPUT A STARTING VALUE FOR K. E.G. K = 0.42 1": INPUT K 

lITERATE: 
E = (Kj(1- K»'«1- K)"S)j(1- (1- K)"S): P1 = P1 + 1 
IF P1 > 10000 AND P1 < 10020 THEN PRINT USING "##.##########"iE·1000,R,K 
IF PI > 10020 THEN END 
E = E'1000 
IF ABS(R - E) > 0.001 AND E > R THEN K = K + 0.0001: GOTO lITERATE 
IF ABS(R - E) > 0.001 AND E < R THEN K = K - 0.0001: GOTO lITERATE 
IF ABS(R - E) > 0.00001 AND E > R THEN K = K + 0.000001: GOTO lITERATE 
IF ABS(R - E) > 0.00001 AND E < R THEN K = K - 0.000001: GOTO lITERATE 
IF ABS(R - E) > 0.000001 AND E > R THEN K = K + 0.0000001: GOTO lITERATE 
IF ABS(R - E) > 0.000001 AND E < R THEN K = K - 0.0000001: GOTO lITERATE 

PRINT USING "ESmMATE OF K = ##.#####"iK 
PRINT "REINPUT K": INPUT K 
A = (1 - (1 - K)"Sn-1) 
PRINT USING "C = ##.######";A 
PRINT 

REM EXPECTED FREQUENCY FOR GEOMETRIC SERIES 

FORI = 1 TOS 
E(I) = N'A'K'(1- K)"(I -1) 

NEXT I 
FORI = 1 TOS 

SList(I) = A(I) 
NEXT I 

CALL QuickSort(1,S) 

K = 1: I = S 
FORC = 1 TOS 
F(K) = SList(I) 
I=S-K:K=K+1 

NEXTC 

'****************************************************************************************************** 

REM GOODNESS OF FIT FOR DISTRIBUTIONAL DATA 
'****************************************************************************************************** 

G=O:V=O:W=O 
FORJ = STO 1 STEP -1 

IF E(J + 1) > 1 AND E(J) < 1 THEN Q$ '" "····WARNING ••••• ": W = S - W: GOTO SKIP 
IF E(J) < 1 THEN E(J - 1) = E(J) + E(J - 1): F(J - 1) = F(J - 1) + F(J): W = W + 1 

NEXTJ 
w=s-w 

GOTOSKIP 

CCLEAR: 
FORJ = 1 TOS 



F(J) = 0 
E(J) = 0 

NEXTJ 
RETURN 
END 

DEF FNPartition(Left,Right) 
LOCAL Indx,Jndx,Value,Temp 
Value = SList(Right) 
Indx = Left - 1 
Jndx = Right 
DO 

DO 
Indx = Indx + 1 
LOOP UNTIL SList(Indx) > = Value 
DO 
Jndx = Jndx - 1 
LOOP UNTIL SList(Jndx) < = Value 
Temp = SList(Indx) 
SList(Indx) = SList(Jndx) 
SList(Jndx) = Temp 

LOOP UNTIL Jndx < = Indx 
SList(Jndx) = SList(Illdx) 
SList(Indx) = SList(Right) 
SList(Right) = Temp 
FnPartitioll = Indx 

ENDDEF 

'QuickSort Recursive Procedure 
SUB QuickSort(Left,Right) 

LOCAL Indx 
IF Left < = Right TIlEN 

END IF 
END SUB 

Indx = FNPartition(Left,Right) 
Call QuickSort(Left,Illdx -1) 
Call QuickSort(Indx + 1,Right) 
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'****************************************************************************************************** 

REM GOODNESS OF FIT 
'****************************************************************************************************** 

GOODFIT: 
G = 0: V = 0: W = 0 

FORJ= 1 TOU 
F(J) = D(J) 

NEXTJ 

IF E(1) < 1 TIlEN PRINT "**n WARNING TIlERE IS REVERSE TRUNCTAION **"": W = U: GOTO SKIP 
FORJ = UTO 1 STEP -1 

IF E(J + 1) > 1 AND E(J) < 1 TIlEN PRINT ""**WARNING '*"*": W = U - W: GOTO SKIP 
IF E(J) < 1 TIlEN E(J - 1) = E(J) + E(J - 1): F(J - 1) = F(J - 1) + F(J): W = W + 1 

NEXTJ 
W=U 

SKIP: 
PRINT" CLASS "," OBSERVED"," EXPECTED"," CHI - SQUARE" 
FORJ = 1 TOW 

Z(J) = «F(J) - E(J))"2)jE(J) 
NEXTJ 
FORJ = 1 TOW 

PRINT USING" ########.## "jJ,F(J),E(J),Z(J) 
V = V + E(J) 
G = G + Z(J) 

NEXT] 
PRINT "DO YOU WANT A PRINT OUT OF TIllS": INPUT Y$ 
IF Y$ = "Y" OR Y$ = "y" TIlEN GOSUB PPRINT 
PRINT 
PRINT USING "EXPECIED TOTAL = #######.##"jV 
PRINT USING "CHI SQUARE = #######.####"jG 
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IF D$ = "LOG NORMAL" TI-IEN PRINT USING "DEGREES OF FREEDOM = ####"jW - 3 
IF D$ < > "LOG NORMAL" WEN PRINT USING "DEGREES OF FREEDOM = ####"jW - 1 
PRINT 
PRINT USING "THE TOTAL NUMBER OF COLLECTED INDIVIDUALS = #######"jN 
PRINT USING "THE NUMBER OF COLLECTED SPECIES = ###"jS 
IF D$ = "GEOMETRIC SERIES" WEN GOTO CCLEAR 
RETURN 

PPRINT: 
LPRINTD$ 
LPRINT" CLASS "," OBSERVED"," EXPECTED"," CHI - SQUARE" 
FORJ = 1 TOW 

LPRINT USING" ########.## "jJ,F(J),E(J),Z(J) 
NEXTJ 
RETURN 

'****************************************************************************************************** 

REM END OF LISTING 
'****************************************************************************************************** 
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PROGRAM 2 - RANDOM COLONISATION AND DISTURBANCE 

, ••••••••••• *** •••••••••••••••••••• *** ••• ** ••••• * •••••••••• ** •••• ****.* •• * ••••• ******** •••• ****.*** •••• 
REM PROGRAM TO MODEL COLONISATION PROCESSES FOLLOWING DISTURBANCES 
, •••••• **.*** ••••• ** •••••• ** ••••• **.** •••••••• ** ••••••••••••• ** •••••••••••••••••••••••••••• *** ••••• ***. 

CLS 
DEFINTC 
DIM B(3,100), E(3,120), T(100), P(100), M(3), S(3), R1(3), R2(3) 

PRINT "WHAT SITE IS BEING EXAMINED": INPUT A$ 
PRINT "HOW MANY SPECIES": INPUT N 
PRINT "HOW MANY RUNS": INPUT M 
T=O 

REM INPUT SPECIES POOL 

SPECIES: 
B$ = "C:\TEMP\" + A$ + "SPEC.POL" 
OPEN B$ FOR INPUT AS 1 
FORZ = 1TON 

INPUT#l, P(Z) 
NEXTZ 
CLOSE 1 

T1 = TIMER 
FORZ = 1 TON 

T = T + P(Z) 
T(Z) = T 

NEXTZ 

REM INPUT BASKET TOTALS 
FORI = 1 TO 12 

PRINT "INPUT THE NUMBER OF ANIMALS IN BASKET",I 
INPUTM(I) 

NEXT I 

RANDOMIZE TIMER 

PRINT" ONE-THREE THREE-NINE ONE-NINE" 

FORK = 1 TO M 
PRINT USING "RUN ## ";K, 

,.****.********.*** •• ***.****** ••• ********** •••• ******.************* ••• ***** •• ************************* 

REM SIMULATE RANDOM COLONISATION 
, ••• ************ •• ********************************************************************.**************** 

DIM A(12,100), D(12,100), M1(12) 

FORJ = 1 TO 12 
C=O:C2=O 

IF J = 1 ORJ = 2 ORJ = 3 ORJ = 4 THEN 
Z = 9 

END IF 

ELSEIFJ = 50RJ = 60RJ = 70RJ = 8 THEN 
Z = 3 
ELSE 
Z=l 

IFJ = 1 THEN 
Cl = M1(1) 

ELSEIF J = 2 THEN: Cl = Ml(2) 
ELSEIF J = 3 THEN: Cl = Ml(3) 
ELSEIF J = 4 THEN: C1 = Ml(4) 
ELSEIF J = 5 THEN: Cl = Ml(5) 
ELSEIF J = 6 THEN: Cl = Ml(6) 
ELSEIF J = 7 THEN: Cl = M1(7) 



ELSEIF J = 8 THEN: Cl = Ml(8) 
ELSEIF J = 9 THEN: Cl = Ml(9) 
ELSEIF J = 10 THEN: Cl = Ml(lO) 
ELSEIF J = 11 THEN: Cl = Ml(ll) 
ELSE 
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Cl = Ml(12) 
END IF 

COMMUNITY: 
C=C+l 
R = RND *T(N) 
IF R > o AND R < = T(l) THEN 
1=1 

ELSEIF R > T(l) AND R < = T(2) THEN: I = 2 
ELSEIF R > T(2) AND R < = T(3) THEN: I = 3 
ELSEIF R > T(3) AND R < = T( 4) THEN: I = 4 
ELSEIF R > T(4) AND R < = T(5) THEN: I = 5 
ELSEIF R > T(5) AND R < = T(6) THEN: I = 6 
ELSEIF R > T(6) AND R < = T(7) THEN: I = 7 
ELSEIF R > T(7) AND R < = T(8) THEN: I = 8 
ELSEIF R > T(8) AND R < = T(9) THEN: I = 9 
ELSEIF R > T(9) AND R < = T(10) THEN: I = 10 

ELSEIF R > T(10) AND R < = T(ll) THEN: I = 11 
ELSEIF R > T(ll) AND R < = T(12) THEN: I = 12 
ELSEIF R > T(12) AND R < = T(13) THEN: I = 13 
ELSEIF R > T(13) AND R < = T(14) THEN: I = 14 
ELSEIF R > T(14) AND R < = T(15) THEN: I = 15 
ELSEIF R > T(15) AND R < = T(16) THEN: I = 16 
ELSEIF R > T(16) AND R < = T(l?) THEN: 1= 17 
ELSEIF R > T(l7) AND R < = T(18) THEN: I = 18 
ELSEIF R > T(18) AND R < = T(19) THEN: I = 19 
ELSEIF R > T(19) AND R < = T(20) THEN: I = 20 

ELSEIF R > T(20) AND R < = T(21) THEN: I = 21 
ELSEIF R > T(21) AND R < = T(22) THEN: I = 22 
ELSEIF R > T(22) AND R < = T(23) THEN: I = 23 
ELSEIF R > T(23) AND R < = T(24) THEN: I = 24 
ELSEIF R > T(24) AND R < = T(25) THEN: I = 25 
ELSEIF R > T(25) AND R < = T(26) THEN: I = 26 
ELSEIF R > T(26) AND R < = T(27) THEN: I = 27 
ELSEIF R > T(27) AND R < = T(28) THEN: I = 28 
ELSEIF R > T(28) AND R < = T(29) THEN: I = 29 
ELSEIF R > T(29) AND R < = T(30) THEN: I = 30 

ELSEIF R > T(30) AND R < = T(31) THEN: I = 31 
ELSEIF R > T(31) AND R < = T(32) THEN: I = 32 
ELSEIF R > T(32) AND R < = T(33) THEN: I = 33 
ELSEIF R > T(33) AND R < = T(34) THEN: I = 34 
ELSEIF R > T(34) AND R < = T(35) THEN: I = 35 
ELSEIF R > T(35) AND R < = T(36) THEN: I = 36 
ELSEIF R > T(36) AND R < = T(37) THEN: I = 37 
ELSEIF R > T(37) AND R < = T(38) THEN: I = 38 
ELSEIF R > T(38) AND R < = T(39) THEN: I = 39 
ELSEIF R > T(39) AND R < = T( 40) THEN: I = 40 

ELSEIF R > T(40) AND R < = T(41) THEN: 1= 41 
ELSEIF R > T(41) AND R < = T(42) THEN: 1= 42 
ELSEIF R > T( 42) AND R < = T( 43) THEN: I = 43 
ELSEIF R > T( 43) AND R < = T( 44) THEN: I = 44 
ELSEIF R > T(44) AND R < = T(45) THEN: 1= 45 
ELSEIF R > T( 45) AND R < = T( 46) THEN: I = 46 
ELSEIF R > T(46) AND R < = T(4?) THEN: I = 47 
ELSEIF R > T(47) AND R < = T(48) THEN: 1= 48 
ELSEIF R > T(48) AND R < = T(49) THEN: 1= 49 
ELSEIF R > T( 49) AND R < = T(50) THEN: I = 50 

ELSEIF R > T(50) AND R < = T(51) THEN: I = 51 
ELSEIF R > T(51) AND R < = T(52) THEN: I = 52 
ELSEIF R > T(52) AND R < = T(53) THEN: I = 53 
ELSEIF R > T(53) AND R < = T(54) THEN: I = 54 
ELSEIF R > T(54) AND R < = T(55) THEN: I = 55 
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ELSEIF R > T(5S) AND R < = T(S6) THEN: I = 56 
ELSEIF R > T(56) AND R < = T(57) THEN: I = 57 
ELSEIF R > T(57) AND R < = T(58) THEN: I = 58 
ELSEIF R > T(58) AND R < = T(59) THEN: I = 59 
ELSEIF R > T(59) AND R < = T(60) THEN: I = 60 

ELSEIF R > T(60) AND R < = T(61) THEN: I = 61 
ELSEIF R > T(61) AND R < = T(62) THEN: I = 62 
ELSEIF R > T(62) AND R < = T(63) THEN: I = 63 
ELSEIF R > T(63) AND R < = T(64) THEN: I = 64 
ELSEIF R > T(64) AND R < = T(65) THEN: I = 65 
ELSEIF R > T(65) AND R < = T(66) THEN: I = 66 
ELSEIF R > T(66) AND R < = T(67) THEN: I = 67 
ELSEIF R > T(67) AND R < = T(68) THEN: I = 68 
ELSEIF R > T(68) AND R < = T(69) THEN: I = 69 
ELSEIF R > T(69) AND R < = T(70) THEN: I = 70 

ELSEIF R > T(70) AND R < = T(71) THEN: I = 71 
ELSEIF R > T(71) AND R < = T(72) THEN: I = 72 
ELSEIF R > T(72) AND R < = T(73) THEN: I = 73 
ELSEIF R > T(73) AND R < = T(74) THEN: I = 74 
ELSEIF R > T(74) AND R < = T(75) THEN: I = 75 
ELSEIF R > T(75) AND R < = T(76) THEN: I = 76 
ELSEIF R > T(76) AND R < = T(77) THEN: I = 77 
ELSEIF R > T(77) AND R < = T(78) THEN: I = 78 
ELSEIF R > T(78) AND R < = T(79) THEN: I = 79 
ELSEIF R > T(79) AND R < = T(80) THEN: I = 80 
ELSE 
1=0 

A(J,I) = A(J,I) + 1 
IFC2 = OTHENC3 = C1 ELSE C3 = C1-A 
IF C < C3 THEN GOTO COMMUNITY 
A= 0 

'****************************************************************************************************** 

REM SIMUIATE RANDOM REMOVAL BY DISTURBANCE 
,.***************************************************************************************************** 

DISTURB: 
C2=C2+1 
IF C2 = Z THEN GOTO NNEXT 

FORI = 1 TON 
IF A(J,I) = 0 THEN GOTO SKIP 

FOR Y = 1 TO A(J,I) 
D=RND 

SKIP: 
NEXT I 

FORI = 1 TON 
A = A + D(J,I) 
A(J,I) = D(J,I) 

NEXT I 

C=O 
ERASED 
GOTO COMMUNITY 

NNEXT: 
NEXTJ 

IF D > 0.7393 THEN D(J,I) = D(J,I) + 1 
NEXTY 

'****************************************************************************************************** 

REM CALCUIATE MEANS AND EUCLIDEAN DISTANCES 
'****************************************************************************************************** 

AVERAGE: 
B1 = 0: B2 = 0: B3 = 0 
FORI = 1 TON 

B(l,I) = (A(1,I) + A(2,I) + A(3,1) + A(4,1))/4 
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NEXT I 

BI = BI + B(I,I) 
B(2,I) = (A(5,I) + A(6,I) + A(7,I) + A(8,I))/4 
B2 = B2 + B(2,I) 
B(3,I) = (A(9,I) + A(IO,I) + A(l1,I) + A(12,I))/4 
B3 = B3 + B(3,I) 

PRINT B1,B2,B3 

EUCLID: 
FORI = 1 TON 

NEXT I 

E(1,K) = E(1,K) + (((B(2,I)/B2) - (B(1,I)/Bl))"2) 
E(2,K) = E(2,K) + (((B(3,I)/B3) - (B(2,I)/B2))"2) 
E(3,K) = E(3,K) + (((B(3,I)/B3) - (B(1,I)/B1))"2) 

FORW = 1 T03 
E(W,K) = SQR(E(W,K)) 
M(W) = M(W) + E(W,K) 

NEXTW 
PRINT USING "##.###### ##.###### ##.######"jE(1,K)jE(2,K)jE(3,K) 

ERASE A 
NEXTK 

REM RANGE 
FORW= 1 T03 

FORK = 1 TOM 
IF K = 1 TIIEN R1(W) = E(W,K) 
IF E(W,K) < R1(W) TIIEN R1(W) = E(W,K) 
IF E(W,K) > R2(W)TIIENR2(W) = E(W,K) 

NEXTK 
NEXTW 

REM AVERAGE 
FORW = 1 T03 

M(W) = M(W)/M 
FORK=1TOM 

S(W) = Sew) + ((E(W,K) - M(W))"2) 
NEXTK 
S(W) = SQR(S(W)/(M - 1)) 

NEXTW 

TZ = TIMER 

,*._._*-******--*-**._***-***.*---**---*-*-*-********-************************************************* 

REM PRINT RESULTS 
,*-----**-***-------***--**-***---*****-*-*--*******--************************************************* 

PRINT 
PRINT" 
PRINT 

ONE - TIIREE TIIREE - NINE ONE - NINE" 

PRINT USING "MEAN EUCLID MEASURE = ##.##### ##.##### ##.#####"jM(1)jM(2);M(3) 
PRINT USING "STANDARD DEVIATION OF EUCLID = ##.##### ##.##### ##.##### "jS(1)jS(2)jS(3) 
PRINT 
PRINT USING "MINIMUM VALUE 
PRINT USING "MAXIMUM VALUE 
PRINT 
IFTZ > Tl TIIENTI = TZ-Tl 
IF TZ < Tl TIIEN TI = (86400 - TZ) + Tl 

= ##.##### 
= ##.##### 

##.##### 
##.##### 

PRINT USING "TIME FOR EXECUTION = ######.## HRS"jTI/60/60 

C$ = "C:\TEMP\" + A$ + "EUCLID.DAT" 
OPEN C$ FOR OUTPUT AS 1 
FORK = I TOM 

##.#####"jR1(1)jR1(2)jRl(3) 
##.#####"jR2(1)jR2(2)jR2(3) 

PRINT#1, USING "##.###### ##.###### ##.######"jE(1,K)jE(2,K)jE(3,K) 
NEXTK 
CLOSE I 
END 

'****************************************************************************************************** 

REM END OF LISTING 
'****************************************************************************************************** 



APPENDIX III 

COMMUNITY STRUCTURE ALONG A 
MOUNTAIN SPRING-BROOK AND THE IMPACT 

OF CATTLE GRAZING 

INTRODUCTION 

When I started my doctoral research in April, 1987 I originally planned to investi

gat~ the factors affecting macroinvertebrate community structure at four sites on 

the Porter River. The two headwater sites had weed beds of Myriophyllum sp. and 

Callitriche stagnalis and appeared to represent relatively stable environments, 

whereas the furthermost downstream site had neither weed beds nor any notice

able epilithic periphyton and appeared to be a relatively unstable habitat. The 

remaining site seemed to be intermediate in stability between these two extremes. 

Thus, although the size of the stream did not increase significantly, environmental 

stability appeared to decline progressively in a relatively short distance (4 kIn) as 

one moved downstream. I was planning to examine how this apparent change in 

stability affected community structure along the stream, however, just prior to my 

second sampling date grazing cattle completely removed the weed beds from both 

listable II sites, thoroughly disturbing the surrounding substrate in the process. As 

the two stable sites could no longer be considered stable, the original study was 

abandoned. I did, however, discover a rather interesting change in the composi

tion of the benthic invertebrate communities as one moved downstream, that 
appeared to be mimicked in the associated weed bed faunas. This appendix con
tains the results of the single sampling and observations on the subsequent faunal 
recovery in the weed beds below Slip Spring. 

STUDY SITES 

The locations of the study sites are shown in Fig. 1. The first three sites were on a 
tributary of the Porter River, and the fourth was on a second tributary, a similar . 
sized stream, that appeared to differ only in stability. Physicochemical variables 
measured at each of the sites on 30 May 1987 are recorded in Table 1. 

MATERIALS AND METHODS 

Five Surber samples (0.02 m2, mesh = 250 pm) were collected from each of the 
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Figure 1. Map showing locations of the study sites. 
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Table 1. Current velocity, depth, spot temperature and pH recorded at each of the study sites on 30 
May 1987. Depth was measured at the centre of the stream channel and current velocity at the 
same point 10 em from the stream bed with a Pygmy Gurley current meter. 

Site Temperature Depth Current velocity pH 
°C cm cms-1 

Site 1 8.8 19 38 6.8 
(16-24) 

Site 2 8.9 18 60 7.2 
(14-20) 

Site 3 8.7 21 70 7.7 
(20-21) 

Site 4 7.8 15 81 7.6 
(14-17) 
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sites on 30 May 1987. Samples at the two head water sites were taken so as to 

avoid the weed beds, which were sampled separately. This was achieved with a 

0.02 m2 quadrat and attached 250 fm mesh bag. Samples were frozen and re

turned to the laboratory for sorting. This was carried out as described in the main 

text (Chapter 4). 

Samples at the disturbed Slip Spring weed beds were collected in a similar 

manner on 25 July, 4 August, 16 August and 9 September 1987. All samples were 

preserved in 10% formalin prior to sorting. 

RESULTS 

Numbers of taxa and total numbers of animals collected at each site are plot

ted in Figs 2 and 3, respectively. Both showed significant differences between 

sites (F = 9.94, df = 1,16, P < 0.05 and F = 23.15, df = 1,16, P < 0.05 for number 

of taxa and total numbers, respectively) and decreased downstream as stability 

declined. As only one seasonal sample was obtained no firm conclusions can be 

drawn from the data, however, three of the sites (sites 1,3 and 4) were incorpo

rated in my subsequent research program in which the same trend was found 

(Figs. 4 and 5). 

The relative abundances of the five most abundant taxa at each site are shown 

in Fig. 6, and it is apparent that marked differences occurred between sites. Site 1 

was strongly dominated by Maoridiamesa harrisi and Potamopyrgus antipodarum, 
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Figure 2. Mean number (± 1 SE) (solid bars) and total number of taxa (open bars) in 0.02 m2 

Surber samples, collected from the study sites on 30 May 1987. 
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Figure 3. Mean number (± 1 SE) of invertebrates taken in 0.02 m2 Surber samples, collected from 
the study sites on 30 May 1987. 
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Figure 4. Mean number (± 1 SE) (solid bars) and total number of taxa (open bars) collected from 
three of the study sites in samples comprising 15 stones taken during the course of the main study 
(October 1987 - October 1988). 
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Figure 5. Mean number (± 1 SE) of invertebrates collected from three of the study sites in samples 
comprising 15 stones taken during the course of the main study (October 1987 - October 1988). 
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Figure 6. Relative abundance of the five most abundant invertebrate species at each of the study 
sites on 30 May 1987. 

whereas site 2, only 100 metres away, was dominated by Deleatidium sp., P. an

tipodarum and Pycnocentrodes sp. Site 3 was also dominated by Deleatidium sp. 
and Pycnocentrodes sp., but Potamopyrgus was relatively rare and had been re
placed as a dominant by Simuliidae. Site 4 lacked Potamopyrgus and Pycnocen

trodes, and Deleatidium sp. was the strongly dominant taxon. 
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Fig. 7 shows the relative abundance of the top five species in the weed beds. 
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Figure 7. Relative abundance of the five most abundant invertebrate species in 0.02 m2 samples of 
Callitriche stagnalis and Myriophyllum sp. from site 1, and sites 1 and 2, respectively. 
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These differed on the two species of macrophyte, and interestingly, they also dif

fered between sites on the same species of weed. Myriophyllum sp. at site 1 was 

dominated by Potamopyrgus antipodamm and ?Rheocricotopus sp., whereas at site 

2 the dominant invertebrates on Myriophyllum sp. were Potamopyrgus and Pycno

centrodes sp. This was similar to the situation observed in the benthic fauna. 

The numbers of taxa and the total numbers of animals collected in samples 

from site 1 following the removal of the weed by cattle are shown in Figs. 8 and 9. 
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Figure 8. Mean numbers of taxa (± 1 SE) collected in 0.02 m2 Surber samples before (Week 0) and 
on four occasions following removal of the macrophyte beds by cattle grazing. 
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Figure 9. Mean number of invertebrates (± 1 SE) collected in 0.02 m2 Surber samples before 
(Week 0) and on four occasions following removal of the macrophyte beds by cattle grazing. 
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The sample collected from the benthos on 30 May 1987 was used as a measure of 

predisturbance community structure (i.e., week 0) (although this was a macro

phyte community prior to disturbance it was now a strictly benthic community and 

this seemed a better measure of the community that would develop). The number 

of taxa present after the disturbance was not significantly different from that pres

ent on the stream bed prior to the disturbance (F = 2.06, df = 1,20, P > 0.05). 

However, the total number of animals taken was significantly lower (F = 9.58, 

df = 1,20, P < 0.05). Nevertheless, by week 7 total invertebrate density was not 

significantly different from that observed before the disturbance. 

The relative abundances of the five most abundant taxa in the postdisturbance 

samples are plotted in Fig. 10. Initially, Deleatidium sp. and Potamopyrgus were 

dominant but by week 7 their relative abundances were lower and Maoridiamesa 

harrisi, Slavina sp. and Neppia montana had become more common. The sample 

taken as part of the main study 20 weeks after the disturbance (although from a 
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Figure 10. Relative abundance of the five most abundant invertebrate species collected in 0.02 m2 

Surber samples following removal of the macrophyte beds by cattle grazing, and in samples com
prising 15 stones taken during the course of the main study (October 1987 - October 1988). 



Appendix III: Community Structure of a Spring-Brook 307 

site 10 m upstream) indicated communities were returning to their predistur

bance composition. 

DISCUSSION 

Although the conclusions that can be drawn from this study are constrained by 

the fact that only one sample was collected before two of the sites were severely 

disturbed, an interesting trend was observed as one moved downstream. Thus, 

both density and diversity of the invertebrate communities decreased and taxo

nomic dominance changed. Initially, chironomids and molluscs were dominant, 

then Deleatidium sp., cased caddisflies and simuliids increased in abundance, and 

finally molluscs and cased caddisflies disappeared and Deleatidium sp. became 

strongly dominant. Similar changes were reflected by the macrophyte fauna as 

one moved downstream. As hydrological conditions did not appear to be differ

ent at the study sites and it is unlikely that water chemistry changed significantly 

downstream, it seems likely that changes in stability were responsible to a large 

extent for differences in the communities. 

Removal of the weed beds by cattle grazing had the obvious effect of removing 

the macrophyte fauna, however, the stream bed was rapidly recolonised by ben

thic invertebrates. Thus, one week after the disturbance the number of taxa re

corded was no different from that taken in benthic samples prior to the event, and 

seven weeks after, total density of invertebrates and relative abundances of inver

tebrate taxa were beginning to return to predisturbance benthic levels. The weed 

beds themselves took over a year to return to their original condition. 



APPENDIX IV 

Fish Gut Analysis 

Table 1. Gut analysis of Anguilla dieffenbachi. 

Taxa Grasmere Stream 
A B C D E F G H I 

Size (mm) 255 252 241 228 210 187 160 137 134 

Nematoda - 2 1 1 1 1 1 1 1 
Oligo chaeta 5 5 2 - 2 - - - -
Deleatidium sp. 6 4 1 1 8 1 1 4 1 
Simuliidae - - 1 1 - 2 - 1 -
Maoridiamesa harrisi - 1 - - - - - - -
Parochlus sp. - - 1 - - - - - -
Neurochorema sp. 1 - - - - - - 1 -
Pycnocentrodes sp. - - - - - - - - 1 
Terrestrial - 2 - - - - - - -

Table 2. Gut analysis of Galaxias brevipinnis. 

Taxa Kowai Porter Cora Lynn Grasmere 
River River Stream Stream 

A B A A A 
Size (mm) 61 64 87 73 59 

Deleatidium sp. 2 2 5 1 -
Spaniocerca zelandica - - - 1 -
Plecoptera indet. - - - 1 -
Simuliidae - - 7 - -
Maoridiamesa harrisi 1 - - - 3 
?Rheocricotopus sp. - - - 4 -
Eukiefferiella claripennis 1 1 - - -
Tanytarsus vesperlinus - 1 - - -
Polyplectropus sp. 1 - - - -
Aoteapsyche sp. - - - - 1 
Hydrobiosis sp. - 2 - - -
Costachorema sp. - - 1 - -
Psilochorema sp. - 1 - - -



Table 3. Gut analysis of Galaxias vulgaris. + indicates presence of an item not quantified. 

Taxa Kowai White Bruce 
River Stream Stream 

A A B C A A B C D 
Size (mm) 90 81 66 123 91 100 73 86 85 

Nematoda - - - 5 - - - - -
Nesameletus sp. 1 - - - - - - - -
Deleatidium sp. 1 - 1 5 - 1 2 2 -
Adult Ephemeroptera 1 - - - - - - - -
Zelandobius sp. 1 - - - 1 - - - -
Notonemouridae indet. - - - - - 1 - - -
Spanioerca zelandica - - - - - - - - 1 
Elmidae - - - 1 - - - - -
Scirtidae - - - - - - - - -
Aphrophila neozelandica - - - - - 1 - - -
Tipulidae pupae - - - - - - - - -
Maoridiamesa harrisi 1 - - 2 - - - - -
?Rheocricotupus sp. - - - - - 2 12 - 4 
Eukiefferiella claripennis - - - - - - - - -
Chironomidae indet. - - - - - - 1 - -
Adult Diptera 1 - - - - - - - -
Aoteapsyche sp. - 1 1 5 - - - - -
Hydrobiosella stenocreca - - - - - 1 - - -
Hydrobiosis sp. - - - 1 - - 2 - 1 
Psilochorema sp. 1 - - - - - 2 - 1 
Costachorema sp. - - - 1 - - - - -
Hydrobiosidae indet. - - - - - - - 1 -
Hydrobiosidae pupae - - - - - - - - -
Pycnocentrodes sp. 1 - - 1 - - - - -
Oxyethira albiceps - - - - - - - - -
Adult Trichoptera - - - - - - - - -
Terrestrial 1 - - - - - - - -
Wood - - - - - - - - + 
Beech leaf - - - - - - - - -

Cora Lynn 
Stream 

E F G H I J 
81 74 83 64 70 70 

1 - - - - -
- - - - - -
1 3 - 1 - 2 
- - - - - -
- - - - - -
- - - - - -
- - 2 - - i 
- - - - - -
- - - - 2 -
- - - - - -
- - - - - -
2 - 1 - - 7 
14 - - - - 4 
1 - - - - -
1 - - - - -
- - - - - -
- - - - - -
- - - - - -
3 1 - - - 1 
2 - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - - - -
- - - 1 - -
- - - - - -
- 1 - - - -
+ - - - - -
- - 1 - - 1 

K L 
75 73 

- -
- -
2 -
- -
- -
- -
1 -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
1 -
- -
- -
1 -
- -
- -
1 -
- -
- -
1 -

M 
68 

-
-
1 
-
-
-
-
-
-
-
1 
-
1 
-
-
-
-
-
-
-
-
-
-
-
-
-
1 
-
-
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Table 4. Gut analysis of Galaxias paucispondylus. 

Taxa Bruce Stream Porter River 
A B C D E F A B C D E F 

Size (rom) 82 81 64 71 70 69 101 90 86 94 83 83 

Neppia montana - - - - - - - - - - - -
Deleatidium sp. - - 2 - 1 1 10 - 3 6 8 4 
Zelandobius sp 2 - 4 1 1 2 - - 1 - 1 -
Simuliidae - - - - - - 3 - - 1 3 1 
Simuliidae pupae - - - - - - - - - 1 - -
Maoridiamesa harrisi - - 1 - - - - - - 1 - -
?Rheocricotopus sp. - - 4 - - - - - - - - -
Chironomidae indet. - - - 1 - - - - - - - -
Neurochorema sp. - - 1 - - - - - - - - -
Costachorema sp. - - - - - - - - - 2 - -
Hydrobiosidae indet. - - 1 - - 1 - - - - - -

Table 5. Gut analysis of Gobiomorphus breviceps. + indicates the presence of an item not 
quantified. 

Whitewater Lake Grasmere 
Stream 

A B A B C D E F G H I J K LM N 0 
Size (rom) 6.1 6.7 5.9 5.5 3-4.5 

Physa sp. - - - - - - - - 1 - - - - - - - -
Oligochaeta - 1 - - - - - - - - - - - - - - -
Deleatidium sp. 1 2 - 2 4 6 - - 1 1 1 - - 2 - 1 3 
Zelandobius sp. - - - - - - - - - - - 3 - - - - -
Limonia nigrescens - - - - - - 1 - - - - - - - - - -
Maoridiamesa harrisi - - - - - - - - - - - - - - - - -
Eukiefferiella claripennis 1 - - - - 2 - - - - - - - - - 1 1 
Orthocladiinae sp. B - - - - - 1 - - - - - - - - - - -
Adult Diptera - - - - - - - 1 - 1 1 - - - - - -
Polycentropodidae 1 - - - - - - - - - - - - - - - -
Aoteaphsyche sp. 4 1 - - - - - - - - - - - - - - -
Neurochorema sp. - 1 - - - - - - - - - - - - - - -
Eggs - - + - - - - - - - - - - - - - -

Table 6. Gut analysis of Oncorhynchus mykiss. 

Whitewater Stream Porter River 
A B A 

Size (rom) 101 82 89 

Deleatidium sp. 28 10 14 
Zelandobius sp. 2 1 -
Scirtidae sp. - - 1 
Blephariceridae - 1 -
Maoridiamesa harrisi 1 - 1 
Limnophora sp. 2 - -
Aoteapsyche sp. 6 6 -

G 
63 

1 
-
-
-
-
-
1 
-
-
-
-

P Q 

- -
- -
- -
1 -
- -
- 1 
- -
1 -
3 -
- -
- -
- -
- -
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Table 7. Gut analysis of Salmo trutta. 

Taxa Porter Slip Grasmere Lake 

River Spring Stream Grasmere 

A A B C D E F G H I A A B 
Size (mm) 177 173155 120 121 102 81 78 70 66 113 36 33 

Potamopyrgus antipodarum - - 9 - 2 1 - - - - - - -
Oligochaeta - - 1 - 1 - - - - - 1 - -
Paraletamphopus subtel'l'aneus - - 1 - 1 - - - - - - - -
Deleatidium sp. 15 7- 2 - 2 5 2 5 2 6 8 - 3 
Zelandobius sp. - - 2 1 2 3 1 1 - - - - -
Adult Plecoptera - 1 - - - - - - - - - - -
Archichauliodes diversus 4 - - - - - - - - - - - -
Scirtidae sp. 5 1 2 - - 1 - 3 - - - - -
Simuliidae 2 - - - - - - - - - - - -
Maoridiamesa harrisi 1 - 1 - 3 1 - - - 2 - 1 -
?Rheocricotopus sp. - - 1 - - - - - - - - - -
Stratiomyidae - - - - 1 - - - - - - - -
Limnophora sp. - - - 1 - - - 1 - - - - -
Hydrobiosis parumbripennis 1 1 - - - - - - - - - - -
Oxyethira albiceps - - - - - - - - - - 1 - -
Hudsonema aliena 1 - - 1 1 1 - - - - 3 - -
Philorheithrus agilis - - 3 1 1 - - - - - - - -
Beraeoptera roria - 1 - - - - - - - - - - -
Olinga !eredayi 3 1 - - - - - - - - - - -
Pycnocentrodes sp. - - - - - - - - - - 1 - -
Trichoptera indet. - - - - 1 - - - - - - - -
Adult Trichoptera - - - - 1 - - - - - - - -
Terrestrial - - 2 - - - - - - - - - -
Moss Leaf - - - - 2 - - - - - - - -
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ABSTRACT 

Death, RG. (1990). A new species of7..ealandobius (Plecoptera: Gripopterygidae:Antarctoperlinae) from New 

Zealand. New Zealand Natural Sciences 17: 23-28. 

Zelandobius pilosus n.sp., a hairy species of Gripopterygidae found in the streams of inland Canterbury is de

scribed. The adults are easily distinguished from others in the genus by the presence of longitudinal grey 

markings in the cells of the forewings and by the hairy appearance of the larvae. Z. pilosus is particularly unusual 

in that the adults only appear to emerge in mid-winter. 

KEYWORDS: Plecoptera - Gripopterygidae - Zelandobius pilosus- new species - New Zealand. 

INTRODUCTION 

The stonefly genus Zelandobius Tillyard is en
demic to New Zealand and contains six recognized 
species (McLellan 1969, 1977). In this paper a dis
tinctive new species is described from material col
lected from the Porter River and adjacent streams 
in inland Canterbury. Winter bourn & Gregson 
(1989) drew attention to the existence of this spe
cies whose larvae have a hairy appearance unlike 
those of any other known species. 

DESCRIPTION 

ZELANDOBIUS PILOSUS N.SP. 

Adult 
General colour chestnut brown. Antennae 

flliform with 31-34 segments clothed in short dark 
hairs only visible with a light microscope. Length 
of scape 0.25 mm, pedicel 0.15 mm. Head a 
uniform chestnut brown with pale ocelli. Segment 
5 of maxillary palp twice length of segment 4. 
Thorax clothed with long hairs predominantly on 
the pleurites. Pronotum (Fig. 1) rectangular, 
width:length ratio 1.20-1.55 (mean = 1.39), all 
angles rounded, a paler band at the anterior and 
posterior ends. The posterior margin of the 
pronotum is flared upwards giving the appearance 
of a weakly developed ridge. Metanotum approxi
mately the same width as head (males 1.1-1.4 mm, 
females 1.2-1.6 mm); mesonotum slightly wider. 

Legs a lighter brown than thorax, clothed in hairs. 
Leg measurements as in Table 1. Forewing 
(Fig. 2) subhyaline with oval, longitudinal grey 
patches within most cells; maximum width:length 
ratio 0.24-0.34 (mean=O.28). Number of brown 
crossveins highly variable (Table 2), even differing 
between right and left wings of an individual. 
Hindwing uniformly hyaline. Abdomen chestnut 
brown with a variable amount of pale patterning in 
males. Dorsal surface of abdomen in females 
white and lacking sclerites except on segments 9 
and 10 and two small plates on segment 1. 

Male Genitalia (Fig. 3-5) 
Central sclerite of tergite 10 curved strongly 

downwards. Posterior sclerite with upturned ter
minal knob. Epiproct with point varying in shape 
from a slightly upturned knob to a perpendicular, 
uniformly tapered point. Paraprocts relatively 
uniform in width with slight widening at distal end, 
curved upwards and slightly outwards with a round 
terminal portion. Sternite 9 with an ovoid sub
genital plate covered in fme transparent hairs. 
Cerci directed posteriorly and of9 or 10 segments; 
basal sclerites directed laterally. 

Female Genitalia (Fig. 6, 7) 
Sternite 7 sclerotised; sub-genital plate and 

sternite 9 lacking sclerotisation. Sub-genital plate 
not extended on to sternite 9; hind margin slightly 
convex but emarginate medially. Subanallobes 



Appendix V: A New Species of Zelandobius 313 

24 New Zealand Natural Sciences 17 (1990) 

Figure 1. Pronotum. Scale bar = 1 mm. 

with weakly pointed apices. Cerci with 7-10 seg
ments. 

Larva 
General colour sandy brown, becoming pro

gressively darker in later instars. Body and legs 

covered in long (approx. 0.2 mm) translucent hairs 
(Fig. 8) that give the animal a shaggy appearance. 
Most of these hairs are in turn clothed in smaller 
hairs (Fig. 9), many with only half their circumfer
ence covered. The hairs trap detritus and make 
the larvae difficult to detect in their natural stream 
environment. Hairiness is greatly reduced in late 
instars (Fig. 10), which have hairs mainly on wing 
pads and legs. Head clothed in hairs; epicranium 
fairly uniformly coloured in earlier instars but with 
a more mottled appearance in late instars. Anten
nae filiform, tapering from a wide base to a rela
tively fme tip; segments becoming progressively 
elongate towards the distal end. Basal third of 
flagellum covered in whorls of long hairs similar to 
those on the body. Labrum without hairs. Ocelli 
absent or at least not visible with a light or scanning 
electron microscope. Pronotum rectangular with 
rounded angles; width:length ratio 1.7-1.9 
(mean = 1.8) in middle ins tars, 1.5-1.8 (mean = 1.7) 

Table 1. Mean leg dimensions (mm) (range in parentheses) of male and female Zelandobius pilosus (n = 19 specimens). 

MALE FEMALE 
Foreleg Midleg Hindleg Foreleg Midleg Hindleg 

Coxa 0.26 (0.22-0.30) 0.31 (0.25-0.38) 0.36 (0.30-0.38) 0.28 (0.25-0.32) 0.35 (0.28-0.40) 0.42 (0.38-0.48) 

Trochanter 0.21 (0.17-0.25) 0.22 (0.17-0.25) 0.23 (0.20-0.25) 0.24 (0.23-0.28) 0.24 (0.22-0.280 0.25 (0.23-0.30) 

Femur 1.19 (1.15-1.25) 1.31 (1.25-1.38) 1.93 (1.83-2.10) 1.22 (1.17-1.30) 1.38 (1.25-1.45) 1.96 (1.88-2.00) 

Tibia 1.45 (1.38-150) 159 (150-1.83) 2.36 (2.20-2.50) 1.43 (1.25-1.50) 1.64 (1.55-1.75) 2.44 (2.25-2.60) 

Tarsus 0.73 (0.68-0.75) 0.76 (0.73-0.82) 0.99 (0.90-1.10) 0.77 (0.70-0.83) 0.80 (0.75-0.90) 1.03 (0.95-1.10) 

Figure 2. Wings. (A) Forewing. (B) Hindwing. Scale bar = 1 mm. 
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Table 2. Number of cross veins (mean and range) in the 

forewings of Zelandobius pilosus (n =25 specimens). 

Mean Range 
Humeral 2.7 1-4 
Costal 2.9 1-5 
Radial 4.2 3-6 
Radio-medial 5.1 3-8 
Medial 5.8 4-7 
Medio-cubital 10.8 9-13 
Intercubital 10.1 8-14 

A 

B 

Figure 3. Male genitalia. (A) Dorsal view. (B) Ventral view. 

(C) Lateral view. Scale bar = 1 mm. 
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Figure 4. Lateral views of male tergite 10 and epiproct to show 

variability in shape of terminal point. Scale bar = 0.1 mm. 

Figure 5. Lateral view of paraproct. Seale bar = O.1mm. 
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Figure 6. Female genitalia, ventral view. Scale bar = 1 mm. 

in late instars. Pronotal hairs best developed 
around the periphery. Anterior and particularly 
posterior margins of pronotum slightly curved up 
so as to give the impression of a weakly developed 
ridge. Meso- and metanota thickly covered in 
hairs; hind margins of both plates straight. Legs 
clothed in hairs; tarsal claws long. Tibiae slightly 
longer than femora. Abdomen without a dorsal 
longitudinal ridge. A pale rectangular patch on 
abdominal tergites 5-9 is distinct in late instar 
larvae but less so in earlier instars. Tergite 10 
weakly pointed and darker along its posterior 
edge. Cerci thread like, about half length of abdo
men. Anal gill rosette well developed. Subanal 
lobes tongue shaped. 

First instar larva 
Body length 0.60-0.65 mm. Head width 

0.21 mm. Eyesnotvisible. Antennae with 7-8 seg
ments. A few long hairs present on body. Abdo
men covered in short spines about 7 ~m long. 
Cerci 4-segmented. 

Egg 
Eggs are roughly spherical (Fig. 11), 0.3 mm 

diameter, with tuberculate sculpturing (Fig. 12). 

Figure 7. Female sub-genital plate. Scale bar = 0.5 mm. 

Figure 8. Middle ins tar larva. Scale bar = 1 mm. 

Field collected adults laid the eggs in batches of 45-
156, in petri dishes of water in the laboratory. 
Sometimes batches of eggs formed a coherent 
mass, 1 layer of eggs deep, which was stuck to the 
bottom of the petri dish with a jelly-like substance; 
otl;ler eggs were laid singly. Hatching of eggs 
occurred synchronously after 6 weeks at 5°C. 

DIFFERENTIAL DIAGNOSIS 
Adults clearly distinguished from others of the 

genus by the presence of longitudinal grey mark
ings in cells of the forewings. Pronotum most 
similar to Z. illiesi with width:length ratio of 1.2-
1.55, but lacking any spines or acute angles. Epip
rocts of male with a pair of teeth on each outer 
margin as in type species (Z. confusus (Hare)). 
Paraprocts with a blunt terminal tip unlike those of 
Z. confusus which terminate in a dorsally directed 
tooth. Cerci directed posteriorly with laterally 
directed basal sclerite similar to Z. furcillatus and 
Z. unicolor. Cerci shorter than in type species but 
similar to all others in the genus with 9-10 seg
ments. Female sub-genital plate most similar to 
type species. Female cerci similar in length to oth-
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Figure 9. Scanning electron micrographs of hairs on pleurite 

of abdominal segment 5 of middle ins tar larva. (Note. The 

larva was placed in an ultrasonic cleaner for 10 s to remove 

some of the detritus and make viewing easier). 

ers in genus except type species, with 7-10 seg-
ments. "' 

Larvae are clearly distinguished from others 
in the genus by their very hairy appearance. 
Pronotum rectangular (width:length ratio 1.7-1.9) 
and most like that of Z. furcillatus. Antennae re-

DIMENSIONS OF ADULTS AND IARV AE Cmm) 

Male Female 

(II =36) (n=24) 
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sembling those of Z. illiesi with basal portion 
covered in whorls of hairs. Hind margins of meso
and metanota straight unlike others in the genus. 
Abdomen lacking dorsal ridge found in Z. furcilla
tus and Z. ullicolor. Tergite 10 longer and more 
pointed than in type species, but similar to others 
in the genus. Cerci short and thread-like, most 
similar in length to Z. unicolor. 

ETYMOLOGY 
The specific name pilosus, (Latin for 'hairy') 

refers to the very hairy appearance of the larvae. 

MATERIAL EXAMINED 
Type material: Holotypeo' : New Zealand, 

MC, Porter River, 732 m a.s.l., 27 Jun 1987, RG. 
Death, NZAC. Paratypes: 10', 299, MC, Dry 
Stream, 16 Jun 1987; 60'0"399, MC, Porter River, 
27 Jun 1987, 4 Aug 1987 and 5 Jun 1988, RG. 
Death; 8 mid instar larvae, MC, Porter River, 7 
Mar 1990, RG. Death, NZAC, AMNZ, NMNZ 
CMNZ. Othermaterialexamined 280"0"1999,MC, 
Porter River, 19 Jun 1987, 27 Jun 1987 and 4 Aug 
1987, R.G. Death; 7 late instar larvae, MC, Porter 
River, 16 Jun 1987, R.G. Death; 2 mid instar 
larvae, Me, Porter River, 7 Mar 1990, RG. Death. 

NOTES ON BIOLOGY 
All larvae were collected from small to me

dium sized streams in the Cass-Porter Heights 
region of inland Canterbury where they can occur 
in quite high densities. Although observations 
were made throughout the year, adults were only 
found during winter (June-August) when snow 
can lie on the ground for short periods, and air 
temperatures regularly fall below zero. Adults 
collected from the wild had no particulate materi
als in their guts but fed readily on sugar solution in 
the laboratory. Larvae appear to feed predomi
nantly on detritus and periphytic algae although 
animal remains were found in guts of some late 
instar larvae. 

Late instar Mid instar 
larvae larvae 
(n=7) (n = 10) 

Body length 7.0-8.8 (£=7.9) 9.3-10.6 (£=9.8) 6.9-9.3 (£=8.2) 3.7-4.3 (X=4.2) 
Head width 1.12-1.43 (£=1.31) 0.92-0.97 (£=0.94) 
Forewing 8.0-9.0 (£=8.4) 9.4-10.4 (x=9.8) 
Antenna 5.8-7.2 (£=6.4) 6.0- 7.9 (i=6.9) 2.9-4.2 (£=3.7) 2.0-2.8 (x=2.5) 
Cercus 0.43-0.58 (i=0.50) 0.5-0.65 (i=0.58) 0.8-1.1 (£=0.9) 1.0-1.3 (x= 1.3) 
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Figure 10. Late instar larva. Scale bar = 1 mm. 
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