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ABSTRACT 
 

The potential relationship between riparian arachnids and aquatic insect 

productivity was assessed in forest streams throughout the central South Island of 

New Zealand. Initially, a survey was conducted of thirty seven, first-third order 

forest streams. Streams were selected to represent a range of benthic invertebrate 

standing crops (as a surrogate measure of “productivity”) from Banks Peninsula 

streams with relatively high benthic invertebrate densities to acid mine drainage 

streams near Reefton that were almost devoid of aquatic life. At each site benthic 

invertebrate densities and biomass were measured in riffle habitats and adjacent 

gravel bars were sampled for terrestrial invertebrates. At a sub-set of 16 sites, a 20 

metre longitudinal web-building spider survey was conducted along each bank of 

the stream. As an additional component, a 20 metre transect starting at the stream 

margin and running perpendicularly into the forest was used to survey the density 

of web-building spiders with increasing distance from the stream.  

Results from the survey of in-situ stream insect biomass and gravel bar invertebrates 

showed a strong relationship between aquatic insect biomass and the biomass of 

riparian arachnids (R2 = 0.42, P < 0.001) having accounted for potentially 

confounding factors such as stream size, elevation, substrate and disturbance. The 20 

metre longitudinal survey showed that streams with the highest in-situ insect 

biomass had significantly higher densities of web-building spiders along their banks 

(R2 = 0.28, P < 0.05), having accounted for potential confounding variables of 

elevation, habitat architecture and stream and channel width. The stream to forest 

survey showed a strong exponential decay in web-building spider densities with 

increasing distance from the stream (R2 = 0.96 P < 0.0001). Regardless of stream 

productivity web-building spiders were most abundant at the stream margins and 

rapidly declined to very low densities 20 metres from the stream. 

In order to further test the relationship between riparian web-building spider 

densities and stream insect productivity, a stream fertilization experiment was 

conducted on six first-second order streams in the Maimai experimental catchment, 

Reefton. Three streams were enriched by the addition of a fertiliser solution mainly 

consisting of sodium nitrate for seven months, and the other three streams were used 

 i



 ii

as controls. Water chemistry, benthic invertebrate communities, emerging aquatic 

adults, and the densities of web-building spiders along the stream corridor and in the 

forest were monitored in three seasons (spring, summer and autumn) over the course 

of the nutrient-addition.  

By the end of the experiment, conductivity was significantly higher in nutrient-

addition streams than in the control streams (F = 80.5, P < 0.001), but chlorophyll 

concentrations showed no significant differences between treatments. Both benthic 

mayfly densities (F = 6.15, P < 0.05) and the biomass of adult aquatic dipterans 

(Chironomidae, Simuliidae) (F = 9.25, P < 0.01) were significantly higher in nutrient-

addition streams in the last sampling round. Spiders recorded from intercept traps 

indicated that by the end of the experiment spider activity was significantly higher 

within 2.5 metres of the nutrient-addition streams (F = 5.70, P < 0.01). However, 

seasonal densities of web-building spiders along the stream margin and in the forest 

decreased with no significant differences observed between nutrient-addition and 

control streams. 

The results from these studies indicate that adult insects emerging from streams 

represent an important source of prey that could influence the biomass and 

abundance of riparian arachnids. Additionally, the results imply that stream 

productivity and size could mediate the strength of the interaction between riparian 

and stream habitats. Moreover, feedback mechanisms present in both systems could 

have implications for such interactions. The elevated densities of web-building 

spiders observed at the stream margin led to the proposal of the “Highway Robber” 

hypothesis. This hypothesis suggests that such higher densities of spiders are the 

result of increased insect activity along the stream corridor: the emergence of adult 

aquatic insects was predicted to vary less over temporal and spatial scales than that 

of terrestrial insects due to the poorly synchronized life histories in many New 

Zealand stream insects. I conclude by suggesting that there are numerous 

anthropocentric perturbations such as loss of heterogeneity, introduced species, 

pollution and habitat degradation that could undermine and decouple the intimate 

linkages between aquatic and terrestrial ecosystems.   

 



CHAPTER 1 

Cross-habitat interactions in a heterogeneous 
landscape 

SPATIAL SUBSIDIES 

The flow of energy, materials, organisms or pollutants from one habitat to another 

(spatial subsidies) can strongly influence the structure and dynamics of recipient 

food webs in a wide range of ecosystems (Polis et al. 1997a, Polis et al. 2004). For 

example, the dynamics of shoreline communities on desert islands have been shown 

to be controlled by oceanic inputs of food at almost every trophic level, including top 

and intermediate predators, herbivores and scavengers (Polis & Hurd 1995, 1996; 

Polis et al. 1997b, 1998). Other aquatic habitats shown to be coupled by spatial 

resource flow include the subtidal and intertidal (Duggins et al. 1989, Bustamante et 

al. 1995, Menge et al. 1997), coastal sea grass and deep-sea habitats (Suchanek et al. 

1985), littoral and pelagic communities in freshwater lakes (Schindler et al. 1996, 

Blumenshine et al. 1997), riparian and stream habitats (Nakano & Murakami 2001, 

Henschel et al. 2001, Sabo & Power 2002) and, perhaps most notably, marine, 

freshwater and terrestrial habitats via spawning salmon (Ben-David et al. 1998, 

Helfield & Naiman 2001). These and other such studies challenge ecologists to 

redefine interaction webs to include strong links both within and across traditional 

habitat and ecosystem boundaries (Sabo & Power 2002).  

Theoretical studies of spatial subsidies have proposed that energy generally flows 

from more to less productive habitats and provides significant subsidies to recipient 

systems only (Polis et al. 1997a, Huxel & McCann 1998). Consequently, most 

empirical studies have focused on these ‘donor habitat’ subsidies (Polis & Hurd 1995, 

Polis et al. 1997a). However, the relative productivity among habitats can fluctuate 

seasonally, and on other time scales (Nakano & Murakami 2001).  

Nakano & Murakami (2001) demonstrated that asynchronous peaks in productivity 

from adjacent habitats can lead to reciprocal subsidies and that the dependence upon 

such subsidies is determined by the seasonal contrasts between allochthonous prey 

supply and in-situ prey biomass. During summer, the emergence of leaves in the 
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riparian deciduous forest alongside the Horonai Stream in Hokkaido, Japan 

supported large populations of terrestrial invertebrates such as Lepidopteran larvae 

(Kawaguchi & Nakano 2001), and which were fed on by migratory and resident birds 

(Nakano & Murakami 2001). Terrestrial invertebrates are important component in 

the diet of stream fishes as well (Nakano et al. 1999a). During winter, the lack of 

edible vegetation and cold temperatures suppressed terrestrial secondary 

production. The stream during these leafless periods receives more sunlight and is 

warm relative to the terrestrial environment due to the large groundwater 

contribution to its flow. Consequently, peak periods of insect production in the forest 

and the stream are seasonally offset.  Nakano & Murakami (2001) documented these 

resource dynamics and the responses of fish and bird predators. Cross-habitat 

subsidies were crucial, contributing an estimated 25% and 44% to the annual energy 

budgets of birds and fish populations respectively. Their results clearly demonstrate 

a seasonal shift in cross-habitat resource subsidies. This contrasts previous studies 

that found, or assumed, fixed asymmetries in the productivity of adjacent habitats 

(Polis et al. 1997a, Huxel & McCann 1998). Seasonal cross-habitat subsidies that 

complement each other may maintain higher predator densities (and possibly 

diversities) than would otherwise be supported.  

Subsidies may exert indirect effects on local resources produced in the recipient 

habitat (Bustamante et al. 1995, Polis & Hurd 1996, Nakano et al. 1999a, Henschel et 

al. 2001, Sabo & Power 2002). Specifically, field studies have demonstrated that 

subsidies can exert either a strong negative effect on primary producers because of 

increases in consumer numbers (Bustamante et al. 1995), and on prey because of 

increases in predator numbers (Henschel et al. 2001, Murakami & Nakano 2002). 

Henschel et al. (2001) showed that aquatic-derived inputs of prey to the riparian zone 

caused higher densities of spiders compared to similar microhabitats away from the 

stream. The higher densities of spiders led to lower densities of plant-sucking insects 

(Hemiptera) and reduced herbivory on riparian plants. In contrast, field studies have 

also demonstrated that subsidies can exert positive effects by allowing prey a respite 

from predators (Nakano et al. 1999a, Sabo & Power 2002,). Furthermore, reciprocal 

prey flux across habitat interfaces could have significant indirect influences on food-
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web dynamics by altering the top-down effects of subsidized predators in both 

habitats (Nakano & Murakami 2001).  

Polis & Strong (1996) developed a conceptual model suggesting that there are a 

number of donor controlled resources and alternative pathways in addition to the 

traditional food chain model. These alternative resources and pathways, such as 

detrital and other allocthonous inputs (spatial subsidies) result in donor controlled 

“multichannel omnivory”, which plays a central role in consumer-resource 

interactions and food web dynamics. Furthermore, they suggested that multichannel 

omnivory can dampen or facilitate trophic cascades. Experimental evidence of this 

came from the study by Nakano et al. (1999a), which involved the large scale 

manipulation of terrestrial invertebrate inputs to a forest stream in Hokkaido, Japan. 

They quantitatively demonstrated that the reduction of terrestrial invertebrate inputs 

intensified fish predation on aquatic invertebrate herbivores, triggering a trophic 

cascade (an increase in stream algal biomass caused by a release from grazing). In 

this case, multichannel omnivory was dampening a potential trophic cascade because 

fish were able to use the alternative prey resource from the forest. 

Moreover, Polis et al. (1997a) proposed a framework to integrate landscape and food 

web ecology. The core themes of landscape ecology – spatial variation in habitat 

quality, boundary and ecotonal effects, landscape connections, scaling, and spatial 

context carry significant implications for food web dynamics (Polis et al. 1997a). 

Indeed, the central focus of landscape ecology looks at factors that influence 

exchange rate among spatial units. “Flow rate” depends upon a number of abiotic 

and biotic factors (e.g. habitat geometry and area; similarity of, distance between, 

and relative productivity of interacting habitats; boundary permeability; and 

organism mobility). More recently, particular attention has been given to ecological 

boundaries and the variety of conceptual and tangible structures that ecologists use 

to describe such constructs (Strayer et al. 2003). Ecological boundaries can vary in 

their origin and maintenance, their spatial structure, their function and their 

temporal dynamics (Strayer et al. 2003). 
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AQUATIC-TERRESTRIAL INTERACTIONS 

Terrestrial and aquatic ecosystems are intimately connected via physical processes 

and fluxes of energy across the riparian ecotone (Gregory et al. 1991). Food web 

dynamics are influenced in complex ways by both in-situ primary productivity and 

allochthonous inputs from the adjacent landscapes (Vannote et al. 1980, Naiman & 

Décamps 1997). Riparian habitats adjoining rivers and adjacent upland forests may 

support higher densities of consumers, or offer individuals better growth 

opportunities as a result of the resource exchange between aquatic and terrestrial 

habitats (Naiman & Décamps 1997, Sabo & Power 2002). While much of the work on 

aquatic-terrestrial linkages in river watersheds has focused on the inputs of 

terrestrial detritus (Vannote et al. 1980, Wallace et al. 1997, 1999), fruit (Goulding 

1980) and invertebrates (Mason & MacDonald 1982, Nakano et al. 1999a) to river 

food webs, there are also riverine subsidies to riparian consumers (Jackson & Fisher 

1986, Gray 1993, Hering & Plachter 1997, Henschel et al. 2001, Collier et al. 2002, 

Bastow et al. 2002, Sabo & Power 2002).  

Terrestrial subsidies to stream ecosystems  

Detrital inputs 

The input of allochthonous organic matter from riparian vegetation has a strong 

influence on many stream ecosystem processes including trophic structure (Minshall 

1967), energy flow (Fisher & Likens 1973) and productivity (Nelson & Scott 1962). It 

is an important source of energy for many streams and the major energy source for 

forest streams or streams with well-developed riparian corridors of vegetation 

(Cummins et al. 1983). Small forest streams are usually heavily shaded by riparian 

trees, which form a closed canopy over the stream channel; thus, in-situ primary 

production is low and litter input is high (Fisher 1986). In such streams, leaves play 

an important role in energy flow and nutrient cycling, and as food and habitat for 

macroinvertebrates (Anderson & Sedell 1979, Rounick & Winterborn 1983, Webster 

& Benfield 1986). Leaves make up the largest component of litter fall and have been 

the focus of many studies on the importance of litter inputs to streams (Anderson & 

Sedell 1979, Collier & Winterbourn 1987, Gregory et al. 1991). 
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Wallace et al. (1999) demonstrated the importance of detrital inputs to a streams 

productivity and energy flow by excluding inputs of terrestrial litter for three years 

to a 180 metre long headwater stream using an overhead canopy and a lateral fence. 

As a result of the litter exclusion, major changes in the invertebrate fauna were 

observed. Secondary production for the mixed substrates community exhibited 

diverging trends in the litter exclusion and reference streams, but the production on 

the moss-covered bedrock substrates exhibited similar trends. It was suggested that 

different food webs occur within these habitats, the bedrock community being less 

reliant on leaf litter than the mixed substrate communities. Predators were also 

reduced in the exclusion stream and showed a decline each successive year of 

treatment suggesting a bottom-up effect. This study provided field-scale 

experimental evidence that terrestrial inputs of organic matter are an important 

energy source influencing aquatic productivity and diversity.  

Furthermore, there are a variety of abiotic and biotic factors which spatially and 

temporally affect the exchange of leaf litter between terrestrial and aquatic 

ecosystems. These factors help to modulate the energy flow between terrestrial and 

aquatic ecosystems. 

Litter may reach streams by direct fall or lateral (blowing and/or sliding down the 

stream banks). The relative amounts of material reaching stream by these two routes 

vary considerably (Benfield 1997). Lateral movement may vary with wind patterns, 

aspect, bank slope, and other site-specific factors (Wallace et al. 1992). For example, 

lateral movement accounted for about 24% of total litter input to four Appalachian 

streams (Webster et al. 1995), approximately 66% in a coniferous forest stream in 

Western US (Sedell et al. 1982), but only about 10% in a eucalyptus forest stream in 

Australia (Campbell et al. 1992). 

In streams with broadly developed valleys or in lowland systems, litter may be 

entrained from the floodplain as streams rise during periods of increasing discharge 

(Cuffney 1988). Conversely, litter may be deposited on the floodplain as streams 

retreat during falling hydrographs (Post & de la Cruz 1977, Shure & Gottschalk 

1985). Such floodplain cycles of litter entrainment/deposition during changing 

hydrographs may also occur in smaller, montane streams (Wallace et al. 1992) and 

tundra streams (Peterson et al. 1986). Therefore floodplain areas may be sources or 
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sinks for litterfall depending on hydrodynamics, topography, sediment loads and 

other factors (Cuffney 1988). In some floodplain systems, litter fall may be largely 

processed on the floodplain and the resulting particles entrained by streams during 

high flows (Smock 1990). 

In temperate deciduous forests, the bulk of the litter fall occurs in autumn but the 

material may continue entering streams by lateral movement over the remainder of 

the year (Benfield 1997). Needle-fall from coniferous evergreen trees varies 

considerably with species and location and may range from distinctly seasonal to 

sporadically throughout the year (Bray & Gorham 1964). In contrast, litter fall in 

tropical and semitropical forest is usually non-synchronous and leaves enter streams 

relatively evenly over the entire year (Stout 1980). Litter fall in beech (Nothofagus 

solandri var. cliffortioides) forest have been shown to enter streams throughout the 

year with maximum input from October to March (Winterbourn 1976). 

Forest removal and succession can have a profound effect upon the quantity and 

quality of food resources for stream macroinvertebrates (Stone & Wallace 1998). In 

that study, changes in the benthic invertebrate community structure following 16 

years of forest regeneration after logging were examined in streams draining a 

forested reference and a recovering clear-cut catchment.  

Following the logging, leaf litter inputs were only 1.6% of predisturbance levels 

during the first year following logging, but had increased to 50% of predisturbance 

levels three years later. Two distinct trends in the abundance of macroinvertebrates 

in the disturbed stream during 16 years of forest regeneration may be explained by 

the changing nature of the streams energy resources. Prior to clear-cutting, 

allochthonous inputs supplied >99% of the organic matter entering the disturbed 

stream. Immediately following clear-cutting, however, autochthonous inputs 

exceeded allochthonous inputs (Webster et al. 1983). The response by scrapers 

tracked the sharp increase and successive decline in primary productivity over the 16 

year period that followed after logging. In contrast, shredder abundance showed a 

marked drop and gradual increase in response to the return of allochthonous inputs.  

There was a difference in the quality of these inputs, however, which reflected 

changes in the species composition of the forest (Webster et al. 1983). Although the 
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total leaf litter inputs into the reference and disturbed stream were almost identical, 

litter inputs to the disturbed stream contained a larger proportion of early 

successional and herbaceous litter (Stone & Wallace 1998). The leaves of tree species 

that dominate early successional forests are more quickly conditioned and 

decompose more rapidly than those from trees dominating more mature forests 

(Webster & Benfield 1986, Boring et al. 1988). Early successional leaves may represent 

a better food resource for shredders (Stout et al. 1993) and demonstrates that forest 

succession may affect the quality, as well as quantity of food resources for stream 

macroinvertebrates.  

In New Zealand, a study comparing the leaf breakdown and colonisation by 

invertebrates of native and introduced tree species in a headwater stream it was 

shown that introduced Elm (Ulmus procera) and native Mahoe (Melicytus ramiflorus) 

supported the highest invertebrate densities, but shredders were most abundant on 

introduced willow (Salix fragilis) and native red beech (Nothofagus fusca) leafs (Parkyn 

& Winterbourn 1997). 

These examples show the subtle complexities of how terrestrial organic matter enters 

and is processed by aquatic ecosystems, emphasising that these inputs are affected 

by spatial and temporal heterogeneity, as well as varying in quality and quantity.  

Invertebrate inputs 

The input of terrestrial invertebrates from the adjacent habitat has been recognised as 

an important component of the diet of stream fishes (Mason & Macdonald 1982). 

Terrestrial invertebrates that accidentally fall into stream channels represent a high-

quality (i.e. low C:N ratio) food resource that is directly available to fishes (Mason & 

MacDonald 1982,  Edwards & Huryn 1996). This allochthonous input, which often 

exceeds total in-situ aquatic secondary productivity (Cloe & Garman 1996), can 

provide a significant energy subsidy and can increase the abundance of predatory 

fish. Nakano et al. (1999a) highlighted the importance of these terrestrial invertebrate 

subsidies to stream ecosystems by establishing quantitatively that the reduction of 

terrestrial invertebrate inputs intensified fish predation on aquatic invertebrate 

herbivores. This triggered a trophic cascade (an increase in stream algal biomass 

caused by release from grazing) when enclosed fish could not emigrate from covered 

reaches of the stream.  
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The importance of terrestrial invertebrates to the diet of New Zealand’s stream-

dwelling fishes is firmly established, including both the native galaxiids (Jellyman 

1979, Main & Winterbourn 1987, Main & Lyon 1988, McDowall et al. 1996, Bonnett & 

Lambert 2002) and introduced salmonids (McLennan & McMillan 1984, Edwards & 

Huryn 1995, Huryn 1996). For example, the contribution of terrestrial prey to the diet 

of banded kokopu (Galaxias fasciatus Gray) can be considerable, comprising 68.9% of 

gut contents by abundance, and 90.9% by weight (Main & Lyon 1988). 

The contribution of terrestrial invertebrates to the diet of stream fish can be 

considerable, particularly in summer, which is characterized by a low biomass of 

benthic invertebrates (the alternative prey) but a peak in terrestrial prey (Hynes 1970, 

Garman 1991, Nakano et al. 1999b). Terrestrial invertebrates occasionally comprise 

50-90% of fish diet during summer and are often preferred over aquatic prey in 

forested headwater streams (Hunt 1975, Garman 1991, Nakano et al. 1999b), thus 

terrestrial invertebrates may be an important seasonal resource to stream fishes (Cloe 

& Garman 1996). Moreover, Allen (1951) in his seminal study of brown trout (Salmo 

trutta L.) in the Horokiwi River, Wellington suggested that the annual production of 

benthic invertebrates in headwater streams may be insufficient to support in-situ fish 

production. This insufficient benthic production, now known as the “the Allen 

Paradox” (Hynes 1970) has been suggested to be partly offset by a subsidy of 

terrestrial invertebrates (Huryn 1996). Accordingly, allochthonous prey represents an 

important energy source both seasonally and annually for predatory fish. 

In addition to seasonal differences, the abundance and taxonomic composition of 

riparian invertebrates are largely influenced by the terrestrial vegetation (Southwood 

1961, Schowalter et al. 1981). Consequently, riparian vegetation has been found to 

affect the input of the supply rate, quality and quantity of terrestrial invertebrates to 

stream channels (Cadwallader et al. 1980, Mason & McDonald 1982, Garman 1991, 

Cloe & Garman 1996, Wipfli 1997). Kawaguchi & Nakano (2001) showed that the 

annual biomass of terrestrial invertebrates falling into the forest reaches of a stream 

was 1.7 times greater than that in grassland streams, However, with clear seasonality 

in the daily input of invertebrates in both vegetation types the invertebrate input 

only differed between the vegetation types in summer when it peaked in both the 

forest and grassland reaches. Edwards & Huryn (1996) showed during summer that 
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the mean biomass of terrestrial invertebrates entering tussock grassland and forest 

streams did not differ significantly, but the biomass estimated for the streams in 

these two riparian land-use regimes were significantly higher than that which 

entered pasture streams.  

Marine subsidies to stream ecosystems 

Anadromous Pacific salmon (Onchorynchus spp.) and Atlantic salmon (Salmo salar L.) 

transport marine-derived nutrients into streams and rivers through migration to 

their natal spawning grounds. Subsequently, a large fraction of these marine-derived 

nutrients are incorporated into freshwater and terrestrial food webs through 

decomposition and predation (e.g. Cederholm et al. 1989, Ben-David et al. 1998, 

Helfield & Naiman 2001, Gende et al. 2002, Chaloner & Wipfli 2002, Jonsson & 

Jonsson 2003).  

Stable isotope analyses suggest that the annual enrichment of streams by salmon can 

contribute a significant proportion of the carbon and nitrogen content of many 

organisms present in otherwise nutrient-impoverished streams (Bilby et al. 1996, 

Kline et al. 1997). Studies of streams in southeastern Alaska, USA (Wipfli et al. 1998, 

1999; Chaloner & Wipfli 2002) have shown evidence that decomposing salmon 

carcasses elevate stream productivity by increasing the densities of key aquatic insect 

functional-feeding groups (scrapers, collectors, shredders and predators).   

Additionally, such marine subsidies affect terrestrial ecosystems. Ben-David et al. 

(1998) investigated the influence of spawning salmon on terrestrial vegetation using 

stable isotope analysis. They found that in three plant species a significant decrease 

in δ15N values occurred with distance and relative elevation from spawning streams. 

Values of δ15N in plants at sites actively used by piscivorous predators (e.g. bears 

[Ursus spp.]) were higher than those of the same plants growing elsewhere. A 

decrease in the values of δ15N and increase in the values of δ13C in the muscle tissue 

of small mammals with increases in distance from the stream indicated the signature 

was not a result of direct consumption of salmon carcasses, but rather an indirect 

assimilation of marine-derived nitrogen through riparian vegetation (Ben-David et 

al. 1998). Several studies have concluded that spatial distribution of the marine-
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derived nitrogen is determined by flooding and the activity patterns of piscivorous 

predators (Cederholm et al. 1989, Ben-David et al. 1998). 

Furthermore, Helfield & Naiman (2001) found that trees and shrubs near spawning 

streams derive approximately 22-24% of their foliar nitrogen from spawning salmon. 

Consequently the growth rates in Sitka spruce (Picea sitchensis) were significantly 

increased near spawning grounds. As riparian forests enhance instream habitat for 

salmonid fishes, this process may serve as a positive feedback mechanism 

maintaining long-term salmon production as well as riparian habitat in coastal 

watersheds.   

In New Zealand, introduced migratory salmon (Onchorynchus spp.) with established 

spawning runs on numerous braided rivers of the South Island (McDowall 1990) 

could be important sources of marine-derived nutrients to inland ecosystems. 

Additionally, sixteen of our existing native freshwater fishes and the one extinct 

species (the grayling [Prototroctes oxyrhnyhchus]) have (had) diadromous life cycles 

(McDowall 1995), and such characteristics mean that some of these species may be 

important vectors of marine-derived nutrients in New Zealand freshwater systems.  

Marine-derived nutrients transported inland by nesting seabirds can be incorporated 

into the food webs of streams (Harding et al. 2004). In that study, the δ13C and δ15N 

signatures of aquatic mosses and invertebrates representing three trophic levels were 

compared between small streams draining catchments with and without seabird 

breeding colonies. The δ15N signatures of all plants and animals examined were 

higher by 3.6-4.6‰ in the streams draining the catchments with nesting petrels. Most 

nutrients derived from the petrels were thought to have been translocated to streams 

via the soil, which they enter in the form of excreta, spilled food, feathers, dead 

chicks and abandoned eggs. Soil samples taken from a seabird colony enabled 

tentative estimates of the proportion of marine-derived nutrients incorporated by 

selected stream biota, which ranged from 28-38%. Inputs of marine–derived nutrients 

to stream food webs via nesting seabird colonies could be important subsidies 

affecting productivity. Furthermore, the loss of extensive seabird breeding colonies 

on mainland New Zealand since human inhabitation of the country (Holdaway 1999) 

means that these subsidies could have been historically important in New Zealand 

streams when such colonies were more abundant.  
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Stream subsidies to terrestrial ecosystems 

For a number of reasons, streams traditionally have been considered recipients rather 

than sources of energy for food webs. Land area exceeds inundated area in 

catchments; terrestrial plant biomass typically dwarfs that of aquatic primary 

producers; and gravity pulls material down slopes (Power 2001). Despite these 

factors, large amounts of energy are supplied to stream food webs by small standing 

crops of aquatic primary producers, because producers like diatoms have high 

biomass-specific productivity and superior nutritional quality (Power 1984, Hanson 

et al. 1985).  

Freshwater fish can be prey for an array of bird species, and common piscivorous 

birds include the whitefaced heron (Ardea novaehollandiae), the pied shag 

(Phalacroconax carbo) and the black shag (P. sulcirostis) which prey on numerous fish 

species found in New Zealand freshwater systems (McDowall 1990). Additionally, 

there are a variety of birds which prey upon stream invertebrates, including the 

endemic blue duck (Hymenolaimus malarhyncos) which forages in mountain streams 

(Kear & Burton 1971). Braided rivers are important habitats, especially during the 

breeding season for a variety of birds (McIntosh 2000). Maloney et al. (1997) recorded 

26 bird species on the braided river beds of the Upper Waitaki Basin including black-

fronted terns (Sterna albostriata), banded dotterels (Charadrius bicinctus), wrybills 

(Anarhynchus frontalis), South Island pied oystercatchers (Haematopus ostralegus 

finschi), black stilts (Himantopus novaezelandiae) and black-billed gull (Larsus bulleri). 

Studies have shown that stream invertebrates are a major source of food for such 

birds inhabiting braided river habitats (Hughey 1997). 

Aquatic insects emerging from streams represent a potentially important food source 

for insectivorous predators. Emergent aquatic insects from desert rivers were shown 

to be crucial resources for consumers within those catchments (Jackson & Fisher 

1986), and evidence from temperate rivers suggest that emerging aquatic insects have 

important influences upon spiders, lizards, and bats (Power & Rainey 2000). The 

importance of emerging aquatic insects to riparian birds is well documented (Jackson 

& Fisher 1986, Gray 1993, Nakano & Murakami 2001) and Murakami & Nakano 

(2002) showed that riparian forest supported higher densities of insectivorous birds 
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than in upland forest away from the stream. This suggests that terrestrial consumers 

can be affected by the exports of stream-derived carbon (Nakano & Murakami 2001) 

and emerging aquatic insects are potentially one of the main pathways by which 

aquatic-derived energy enters terrestrial food webs (Sabo & Power 2002). 

The winged adult forms of aquatic insects could account for the majority of this 

transfer (Jackson & Fisher 1986, Gray 1993, Henschel et al. 2001, Nakano & 

Murakami 2001, Sabo & Power 2002) since 40% of numbers and an even greater 

percentage of biomass of non-Dipteran insects flying next to some streams can be of 

aquatic origin (Collier & Scarsbrook 2000). Approximately 3% of emerging insect 

biomass remained in a desert stream, with 23 g m-2 year-1 (400 - 155 000 individuals 

m-2 year-1) exported to the adjacent riparian zone (Jackson & Fisher 1986). Such 

aquatic-derived inputs of prey to riparian zones cause higher densities of predators 

compared to similar habitats away from the stream (Henschel et al. 2001, Murakami 

& Nakano 2002). The export of prey can be crucial to terrestrial predators, affecting 

abundance, feeding behaviour, and reproductive success (Jackson & Fisher 1986). 

Additionally, land-pupating stream insects such as Archichauliodes diversus 

(Megaloptera) (Hamilton 1931) and juvenile stream insects stranded after a flood 

could represent a significant prey source for riparian predators, and in particular 

those that dwell in gravel bar habitats. Riparian detritivores (e.g. pygmy 

grasshoppers [Tetrigidae]) form an additional pathway between the aquatic and 

terrestrial food webs by grazing on beached algae (Bastow et al. 2002). 

Exposed riverine sediments (gravel bars) are important invertebrate habitats, 

especially for beetles (Eyre et al. 2001, Hering 1998) and spiders (Framenau et al. 

2002). Riparian beetles have been observed feeding on aquatic insects (Hamilton 

1931, Hering 1998, Hering & Plachter 1998). Similarly, spiders can be important 

predators in riparian areas, and their abundance has been linked to that of their 

potential adult aquatic insect prey whose abundance changes seasonally and 

typically declines with distance from the stream edge (Williams et al. 1995, Henschel 

et al. 2001, Power & Rainey 2000, Kato et al. 2003, Power et al. 2004). Web-building 

spiders can obtain up to 61% of their body carbon from aquatic production compared 

with 55% for free-living spiders (Collier et al. 2002).  
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Emerging adult aquatic insects cause higher densities of spiders in riparian zones 

than compared to similar microhabitats away from the stream (Henschel et al. 2001). 

Kato et al. (2001) demonstrated that the experimental reduction of aquatic insect flux 

to riparian deciduous forest depressed the density of horizontal orb web-building 

spiders (Tetragnathidae), but only when adult aquatic insects were abundant under 

natural conditions, indicating a temporal limitation on spider distribution by aquatic 

insect flux. In contrast, the densities of both vertical orb web-building (Araneidae) 

and sheet web-building spiders (Linyphiidae) were unaffected by the manipulation 

throughout the study period. Power et al. (2004) indicated that tetragnathid and 

lycosid spiders are more abundant along streams with high levels of adult aquatic 

insect flux. Furthermore, lycosid spiders have been observed to be behaviourally 

recruited to emerging adult aquatic insect ‘hotspots’ associated with floating algal 

mats (Parker & Power 1993). 

THESIS OUTLINE 

The main theme of this thesis is to investigate the relationship between stream 

productivity (adult aquatic insect flux) and riparian arachnids. Chapter 2 describes a 

large-scale survey which principally addresses whether a relationship exists between 

riparian arachnids and the standing biomass of aquatic invertebrates in forest 

streams. Developing on this idea, Chapter 3 elucidates evidence that riparian spiders 

might respond numerically and/or behaviourally to an increased flux of adult 

aquatic insect prey via the manipulation of stream productivity and in-situ food 

resources by a nutrient-addition experiment in forest streams. Chapter 4 synthesizes 

my findings with the literature and considers the importance of such cross-habitat 

exchanges in the face of anthropocentric perturbations. 

 



 14 

CHAPTER 2 

Stream productivity and riparian arachnids 

INTRODUCTION 

Terrestrial and aquatic ecosystems are intimately connected via physical processes 

and fluxes of energy across the riparian ecotone (Gregory et al. 1991). It is well 

recognised that inputs of terrestrial organic matter and nutrients are important 

drivers of productivity in aquatic consumers (Fisher & Likens 1973, Wallace et al. 

1999), but less well understood is the importance of exports from streams in driving 

production in terrestrial ecosystems.  

One important interface between the stream and terrestrial ecosystems are exposed 

fluvial sediments (or ‘gravel bars’) that generally comprise of loose sand and gravel 

with little or no vegetation cover, and are maintained by flooding (Framenau et al. 

2002). Due to the lack of primary production, riparian gravel bars may be dominated 

by predatory invertebrates that strongly rely on allochthonous prey supplied by the 

river (Hering & Plachter 1997, Hering 1998). The most abundant invertebrates 

described in these habitats are wolf spiders (Lycosidae) and ground beetles 

(Carabidae) (Zulka 1994, Manderbach & Framenau 2001) and mean densities of 14.6 

m-2 and 2.3 m-2 respectively have been recorded in the northern Victorian Alps of 

Australia (Framenau et al. 2002). In New Zealand, the water spider (Dolomedes spp. 

[Pisauridae]) is often found on the stony banks of streams where it has been observed 

eating emergent adult aquatic insects, in particular caddisflies (Trichoptera) and 

craneflies (Tipulidae) (Williams 1979). 

In many regions, web-building spiders are conspicuously abundant along stream 

edges (Jackson & Fisher 1986, Williams et al. 1995, Henschel et al. 2001). Adult insects 

emerging from streams represent a potentially important food source for 

insectivorous predators, since 40% of individuals and an even greater proportion of 

biomass of non-dipteran insects flying next to streams can be of aquatic origin 

(Collier & Scarsbrook 2000). The abundance of web-building spiders has been linked 

to that of adult aquatic insects, which changes seasonally and typically declines with 
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distance from the stream edge (Collier & Smith 1998, Henschel et al. 2001, Kato et al. 

2003, Power et al. 2004).  

The importance of such spatial subsidies has been demonstrated in other habitats. 

Polis & Hurd (1995) showed that the density of spiders on desert islands is directly 

related to the amount of subsidy the island receives relative to its size from the 

adjacent ocean habitat. Different sizes of islands meant that there was a productivity 

gradient present where smaller islands received a greater amount of oceanic energy 

in relation to their surface area than larger islands or the mainland. These oceanic 

subsidies of detritus and guano increased the productivity of small islands leading to 

higher densities of volant insects and web-building spiders than were observed on 

larger islands and the mainland, where the effect of the subsidies was small in 

relation to the surface area of those habitats. 

It seems likely that similar patterns of terrestrial predator densities could be present 

in the habitats adjacent to streams of varying productivity. Streams that supported 

high levels of benthic insect biomass could be expected to have high levels of adult 

aquatic insect emergence, which would subsidise high densities and biomass of 

riparian predators such as spiders. Conversely, streams with low productivity that 

supported a low level of benthic insect biomass would be expected to support lower 

densities and biomass of riparian predators. Power et al. (2004) indicated that orb-

web (Tetragnathidae) and wolf spiders (Lycosidae) are more abundant along streams 

with high levels of adult aquatic insect flux. Furthermore, the density of web-

building spiders with increasing distance from the stream could be lower where 

streams are less productive.  

This study surveyed 37-forested streams with varying levels of benthic insect 

productivity (using standing biomass as a surrogate measure) to test the following 

objectives: 

1. Do stream productivity gradients cause similar patterns in the biomass and 

density of predatory invertebrates present in the adjacent terrestrial habitat? 

2. Does stream productivity have an effect upon spider web densities with 

increasing distance from the stream?  
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METHODS 

Study sites 

Thirty seven forested streams were sampled for riparian and aquatic invertebrates. 

Study sites were located across the South Island of New Zealand (Figures 1, 2). In 

each stream, one gravel bar and a nearby in-stream riffle (e.g. Figure 3) were selected 

as a survey site according to criteria described below in the Physical measurements 

section. Gravel bars were chosen because they are easily replicated across streams 

and can be an important habitat for predatory invertebrates. In particular, these are 

ground beetles and spiders (Hering 1998, Eyre et al. 2001, Framenau et al. 2002, 

Forster & Forster 1999) but also include rove beetles (Staphylinidae) and ants 

(Formicidae) (Griffiths & Griffiths 1983, Lude et al. 1999). A sub-set of 16 of these 

streams were surveyed for web-building spider densities upon transects running 

along the stream margins and from the stream into the forest. Gravel bar and aquatic 

invertebrate sampling was undertaken in late summer 2003, and web-building spider 

surveys were conducted in late summer 2004. 

The 37 forested streams were selected across a wide range of elevations, sizes, forest 

types and water quality parameters to obtain a gradient of stream invertebrate 

standing biomass. The sites have been grouped by geographical location into five 

areas: Banks Peninsula, Arthurs Pass, Lewis Pass, Rahu Saddle (near Springs 

Junction) and Reefton. Characteristic physical data recorded from these sites is 

summarised in Table 1. 

Banks Peninsula 

Banks Peninsula has been heavily modified by anthropocentric activities in the last 

150 years, where the vast majority of the native totara-dominated podocarp forest 

cover has been removed and tussock and pasture now dominate the landscape 

(Harding 2003). Isolated fragments of old growth and regenerating podocarp forest 

are found in a few valleys, scenic reserves, and in the steeper headwaters of some 

streams (Harding 2003). Five streams with isolated fragments of forest were sampled 

for gravel bar and aquatic invertebrates and web-building spider densities. These 

streams generally have circum-neutral pH values (7.6 – 7.8). 
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Arthurs Pass 

In the Upper Waimakariri River system (Arthurs Pass National Park) four streams 

were sampled for gravel bar and aquatic invertebrates (Figure 1). These streams were 

located in beech forest mainly consisting of mountain beech (Nothofagus solandri var. 

cliffortoides) and have circum-neutral pH values in the vicinity of 6.7 - 7.0 (Nyström et 

al. 2003).  

Lewis Pass 

A further nine streams were sampled for gravel bar and aquatic invertebrates in the 

Lewis Pass Scenic Reserve (Figure 2). Six of these streams were tributaries of the 

Lewis River and the remaining three fed into the Maruia River. Four of these streams 

were surveyed for web-building spiders. The streams in the Lewis River catchment 

were located in forest dominated by silver beech (Nothofagus menziesii), and the 

streams that fed into the Maruia River were in forest dominated by red beech 

(Nothofagus fusca) (F.J. Burdon, personal observations). The pH of these streams are 

generally circum-neutral (7.6 – 7.8). 

Rahu Saddle 

Eleven streams in the Rahu Saddle Scenic Reserve were sampled (Figure 2). Six of 

these streams were part of the Rahu River catchment and the remaining five were 

tributaries of the Inangahua River. These streams were in mixed podocarp-

Nothofagus forest and showed varying degrees of tannin staining with pH values of 

approximately 6.6 – 7.7. Seven of these streams were surveyed for web-building 

spiders. 

Reefton 

Finally, eight streams in the vicinity of Reefton were sampled (Figure 2), all 

tributaries of the Inangahua River. While all of these streams were located in mixed 

podocarp-Nothofagus forest, four of them were affected by acid mine drainage (Table 

1) with pH ranging from 3.4 - 4.9 (J.S. Harding, personal communication). These 

streams were selected because their depauperate benthic faunas supported very low 

levels of aquatic insect biomass. The remaining four streams were slightly tannin 



stained and had pH values ranging from 6.5 - 6.7. In one of these unaffected streams 

a web survey was conducted. 

 

Figure 1 Web and gravel bar sites sampled in the Banks Peninsula and Arthurs Pass areas.  
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Figure 2 Web and gravel bar sites sampled from the Lewis Pass, Rahu Saddle and Reefton areas. 
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Figure 3 A typical gravel bar habitat sampled in the survey for terrestrial invertebrates. The adjacent 
riffle indicates the type of habitat where aquatic invertebrates were sampled. 

 

Physical measurements 

Framenau et al. (2002) showed that changes in species composition and spider 

densities corresponded with changes in altitude, shading, substrate and bar size. 

Gravel bar sites were selected according to several criteria: a minimum size (no 

smaller than 4 m2), a maximum slope (both laterally and longitudinally no steeper 

than 10°) and maximum vegetative cover (less than 20% vegetation covering the 

surface of the gravel bar). The length and width of the bar was recorded, as was 

substrate size by measuring the length of 30 randomly selected particles.  

Habitat complexity was measured at each site through the creation of a subjective 

index, of which is described in Table 2. This complexity index took into account the 

three-dimensional arrangement of the substrate. Complexity could be important in 

determining interstitial spaces available to invertebrates as daytime refugia. The 

coefficient of variance of mean substrate size was used as an additional measure of 

habitat complexity. 
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Table 1 Summary of selected physical data recorded from 37 sites sampled. Sites marked with an 
asterisk indicate acid mine drainage affected streams and sites marked with † indicate where web-
building spider surveys were conducted. See Methods section for an explanation of habitat 
complexity. 

Site Elevation 
(m asl) 

Stream 
width (m) 

Channel 
width (m) 

Conductivity 
(µS25 cm-1) 

Pfankuch 
Index 

Bar width 
(m) 

Bar size 
(m2) 

Habitat 
Complexity 

Banks Peninsula         
Hay † 34 3.0 7.5 192 63 4.8 74 3.5 
Hinewai † 55 3.7 5.9 135 66 1.8 18 4 
Kaituna † 230 3.2 6.1 120 68 2.2 16 3 
Okuti † 103 2.9 7.3 134 83 1.6 6 2 
Onuku † 38 2.3 4.2 182 57 2.4 10 3 

Arthurs Pass         
Andrews 585 6.6 11.4 73 82 2.7 36 3 
Binser 510 2.1 3.1 70 76 1.0 7 2 
Lower Farm 521 3.6 4.2 67 72 0.9 8 2.5 
Peacock 571 1.9 3.9 74 77 1.7 19 2 

Lewis Pass         
Basin 754 5.7 10.1 59 60 2.8 17 3 
Deer 776 3.8 8.8 73 62 3.7 92 3 
Foley 786 4.0 7.7 64 71 3.2 32 3 
Going † 811 3.5 6.5 52 71 1.5 7 3 
Jackson 513 6.9 12.0 104 90 4.0 80 4 
Lewis † 798 4.4 6.5 63 62 1.8 11 2 
One Mile 709 8.9 12.6 86 72 1.5 18 3.5 
Riordans † 736 2.4 4.6 77 62 1.4 15 3 
Rough 566 3.9 7.7 90 65 1.8 17 3 

Rahu Saddle         
Black † 416 3.3 5.8 103 71 2.3 19 2 
Blue Speck † 550 3.2 6.3 36 72 1.7 10 2 
Crate 417 4.7 8.0 27 86 1.9 13 2 
Lake 632 5.7 7.4 33 74 4.4 44 2.5 
Lock † 689 2.7 7.0 40 52 2.4 14 3 
Lower Rahu † 446 8.1 10.9 47 67 2.6 31 3 
Patersons † 547 2.0 5.1 31 78 2.0 20 2.5 
Rahu 638 5.3 8.6 49 59 2.7 55 2 
Rahu Left 648 3.5 5.8 43 58 2.0 23 3 
Rahu Right † 659 4.5 7.3 31 67 1.3 7 2 
Upper Inangahua † 658 3.9 5.6 50 56 2.2 15 4 

Reefton         
Burkes 213 2.3 4.0 76 60 2.1 9 4 
Coffee † 327 0.7 2.6 58 61 1.5 5 3 
Coal * 219 1.3 2.4 138 58 0.9 4 3 
Garvey * 340 5.0 10.1 62 87 4.2 75 3 
Lower Devils 304 4.5 7.4 86 69 2.0 14 3.5 
Upper Devils * 472 1.4 3.5 98 52 2.9 21 2 
Waterfall 345 0.5 1.8 53 64 1.5 4 2.5 
Wellman * 360 1.8 5.7 100 83 2.9 27 2.5 
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Table 2 Definitions of the five classes used to rate habitat complexity.  

Score Description 

1 Bedrock or large flat boulders embedded 

2 Rocks packed tightly with few interstitial spaces 

3 Some spaces or cracks present, layering evident 

4 Range of rock sizes with layering, numerous refugia 

5 Large variety of rock/boulders, loosely packed, much layering 

The percentage of canopy cover (potentially influencing site shade and humidity) 

was visually estimated and recorded. Stream and channel widths were measured on 

three transects to obtain mean distances. The stability of the streambed and bank 

were assessed using the channel stability index (Pfankuch 1975). The grid reference 

and elevation of each study site was recorded using a global positioning system. 

Water samples taken from each site were tested for conductivity which was used as 

an indicator of water quality using an Oakton PC10 pH/conductivity meter. 

Invertebrate sampling 

On each exposed gravel bar, four 0.25 m2 quadrats were sampled for terrestrial 

invertebrates. The position of these quadrats was chosen using conditional random 

selection. The quadrat had to be within one metre of the waters edge and the 

substrate had to be of reasonable complexity (i.e. greater than 2 on the habitat 

complexity index). The quadrat outline was traced upon the gravel bar with chalk so 

that it did not obstruct sampling as substrates were removed. 

From two quadrats, invertebrates were collected using a modified leaf-vacuum 

(Husqvarna® 132 HBV; see Figure 4), and from the other two quadrats invertebrates 

were hand picked using forceps. These two methods were used to complement each 

other and were not intended to be compared. The vacuum was particularly efficient 

at capturing smaller invertebrates and litter but was not so effective with large 

invertebrates such as Dolomedes spp. (Araneae), especially at sites with a dense 

covering of leaf litter. For this reason invertebrates were hand collected using forceps 

from two quadrats, which was a more effective method to collect large and mobile 

invertebrates.  



 

Figure 4 The modified leaf vacuum used for sampling gravel bar invertebrates. 

The modified vacuum was used to collect invertebrates and leaf litter by sucking 

them into a net attached on the inside of the vacuum tube; a design similar to that 

described in the literature (Stewart & Wright 1995, Osborne & Allen 1999, Smith 

1999). A plug made of cotton wool placed inside a plastic bag was used to prevent 

litter and invertebrates from being lost when the leaf vacuum was turned off. Once 

the vacuuming of a quadrat had finished, the plug was placed in the tube of the 

vaccum, and the force of the suction while the vacuum was idling wedged it tightly 

against the litter sample so that when the vacuum was turned off the plug stayed in 

place. The tube was then disconnected from the vacuum, and the plug removed so 

that the litter and invertebrates could be transferred into a zip-lock bag. The samples 

were placed on ice until they were frozen upon return to the laboratory. In the 

laboratory invertebrates from vacuum samples were separated from the leaf litter by 

hand using forceps, sieves of different mesh size and a microscope.  

At each site three Surber samples (0.065 m2, 250 µm mesh) were taken from the 

thalweg of the closest riffle to the gravel bar to measure the standing biomass, 

density and composition of the benthic community. These samples were taken 

within 10 metres of the gravel bar site. The samples were placed on ice in the field 
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until they were brought back to the laboratory and frozen until they were  sorted, 

identified and the dry weights recorded. 

Invertebrate identification  

Terrestrial invertebrates were identified to phylum and insects were further 

identified to family following CSIRO (1991). Arachnids were identified to family 

following Kaston & Kaston (1953), Forster & Wilton (1968, 1973), Forster & Blest 

(1979), Forster et al. (1988) and Forster & Forster (1973, 1999). Aquatic invertebrates 

were identified to phylum and insects were further identified to genus following 

Winterbourn et al. (2000), with the exception of some Dipteran, which were only 

identified to family level (e.g. Chironomidae, Simuliidae, Muscidae). 

Invertebrate biomass 

Terrestrial invertebrates were separated into four groups; Arachnids, which 

consisted of the Araneae and Opiliones (Acarina and Pseudoscorpiones were not 

included in this group); Carabidae (Coleoptera); Rhaphidophoridae (Orthoptera); 

and a miscellaneous group encompassing all remaining invertebrate phyla collected. 

Aquatic insects were sorted into groups according to order. These groups were 

Ephemeroptera, Trichoptera, Plecoptera, Megaloptera, Coleoptera, and Diptera. Two 

additional groups of aquatic invertebrates were the Gastropoda (Mollusca) and 

worms (i.e. Annelida, Oligochaeta and Nematomorpha).  

Terrestrial invertebrates samples were pooled for each site and aquatic invertebrates 

kept as Surber samples. Samples were dried for two days (70° C) prior to weighing. 

The data for terrestrial invertebrates is presented as dry mass (g m--2) for terrestrial 

invertebrates and mean dry mass (g m-2) for aquatic invertebrates. 

Measurement of detrital and algal biomass 

After removing invertebrates, the terrestrial leaf litter obtained from the vacuum 

samples was oven-dried for two days at 70°C. This was done before sieving to 

remove the majority of the silt and gravel, because grit and fine sand was difficult to 

remove from damp litter samples. The dried detrital matter was then weighed to 

obtain an estimate of leaf litter (g m-2). The amount of detritus present could have 
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influenced the biomass and number of invertebrates collected in the sample by 

increasing available habitat and providing detrital food matter.  

From the Surber samples, coarse organic particulate matter (CPOM) was elutriated 

and washed on a 1-mm mesh sieve. This was then oven-dried (two days at 70°C) and 

weighed to get an estimate of benthic detritus (g m-2).  

To estimate the level of primary productivity (using standing algal biomass) five 

stones of approximately five centimetres in length were randomly collected from the 

riffle at each site. The stones were placed on ice until they were processed upon 

return to the laboratory. Before scrubbing any invertebrates present on the stones 

were removed. Each stone was scrubbed using an iron brush in 100 ml of water, with 

the resulting solution then filtered through a GF/C glass fibre filter. The filters were 

dried at 70° C for two days, weighed, then ashed at 450˚ C for two hours and 

weighed again to obtain an ash free dry mass. The difference was recorded as algal 

biomass (mg). 

To obtain a surface area estimate of the stones collected each stone had its outline 

traced onto paper, assuming that approximately 50% of the stones surface was 

exposed enabling algal growth. The traced outline was then cut out and weighed. 

This figure was then converted into an estimate of area using the weight of a given 

area of paper as a factor. This data is expressed as standing algal biomass (mg cm-2). 

The reliability of assessing stone area using the paper outline method described 

above was first tested against two other methods of determining stone area. The 

other methods were: 1) wrapping the stone in aluminium foil and weighing the 

amount used, then converting this figure into an estimate of area using the weight of 

a given area of foil as a factor; 2) by measuring the x, y and z dimensions of the stone 

and using these to calculate surface area. The paper outline method proved to be 

more consistent and efficient than these other two methods. 

Spider web survey 

Many species of web-building spiders are more abundant in the habitat near rivers, 

in particular orb-web spiders (Tetragnathidae) (Henschel et al. 1996), and therefore 

may be suitable indicators of aquatic insect flux. Spider web surveys were conducted 
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on a subset of 16 streams from the main survey. This involved the counting of 

complete webs on vegetation and other habitat architecture along a transect on the 

stream margin. Another transect was surveyed running into the forest from the 

stream margin running perpendicular to its flow. Three basic stream 

physicochemical parameters were recorded at each site (pH, conductivity and water 

temperature) using an Oakton PC10 pH/conductivity meter. 

A 20 metre transect was surveyed along the stream margin and was repeated on both 

sides of the stream. This 20 metre transect usually included several riffle-pool 

complexes within the stream, and gravel bars, overhanging banks and vegetation in 

the terrestrial environment. The stream margin was defined as where the channel 

ended and the forest began. Webs that were undamaged (i.e. not partially attached or 

torn) or that contained spiders were counted on all available habitat architecture to a 

height of 2 metres and a depth of 1 metre along the 20 metre transect. This formed a 

three-dimensional space in which spider web densities were recorded. Spider webs 

that were built on substrate within the stream itself (e.g. on boulders and tree trunks 

in the stream) were not included. Stream and channel width was again measured at 

three randomly selected transects.  

Web orientation in relation to the stream was recorded as one of three categories: 

horizontal, vertically perpendicular and vertically parallel. This could indicate the 

presence of different species or a shift in web orientation due to changes in stream 

size and productivity. The presence of webs was also recorded in relation to in-

stream flow morphology under two categories: pool or riffle. The length of these two 

categories along the transect was recorded. 

A 20 metre transect perpendicular to the stream was run into the forest to detect any 

gradient in the density of web-building spiders with increasing distance from the 

stream margin. It was predicted that the densities of web-building spiders would be 

higher at the stream margin owing to the presence of emerging adult aquatic insects. 

Every 2 metres along the transect the number of webs (defined above) and their 

orientation to the stream was recorded to a distance of 1 metre either side of the 

transect and to a height of 2 metres. This formed a three-dimensional box in which 

web density was recorded every 2 metres along the transect. 
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Vegetation survey  

A vegetation survey was conducted in conjunction with the web survey to control for 

the potentially confounding effect of increased spider habitat substrate within the 

forest and along the stream margins. Pre-survey observations indicated that the 

frequency of spider webs might be influenced by the availability of suitable 

vegetation on which to construct their webs. Substrate is required by web-building 

spiders as attachment points for their webs, and both the structural density and 

specific features of substrate has been shown as determinants of orb-web site 

suitability (Greenstone 1984). On all spider web transects the above habitat structures 

present (as categorized in Table 3) were recorded. 

Table 3 Description of habitat categories used to obtain habitat architecture index scores.   

Category Description Index value 

Shrubs any plant greater than 50 cm but less than 2 m in height 0.4 

Ferns with fronds greater than 30 cm in length 0.2 

Grasses with leaves greater than 30 cm in length 0.2 

Small trees diameter at breast height less than 40 cm, greater than 2 m in 0.1 

Large trees diameter at breast height greater than 40 cm, greater than 2 0.01 

Snags Any dead tree trunk or large branch resting vertically or 0.09 

On the transect along the stream margins the presence of the above habitat structures 

(i.e. vegetation and snags) were recorded in the same three-dimensional space as 

spider webs were recorded. On the stream to forest transect the above habitat 

structures were recorded in every three-dimensional box (see Spider web surveys 

above for a detailed explanation of this) along the transect. In order to obtain a single 

figure from the different habitat categories recorded on a transect, an index was 

created, ranking the suitability of each category as habitat architecture for web-

building spiders. 

The values were derived from field observations of the mean proportion of total 

webs observed on each habitat category. Shrubs were ranked as the most suitable, 

followed by grasses and ferns equally. These three categories were probably more 

favourable due to the numerous attachment points present for webs in their 



structure. Small trees, snags, and large trees consecutively decreased in suitability as 

habitat architecture. Equation 1 was used to obtain a habitat architecture index score 

(HA).  

 

Equation 1 Habitat architecture index 

HA = 0.4(xshrubs) + 0.2(xgrasses) + 0.2(xferns) + 0.1(xsmall tree) + 0.09(xsnags) + 0.01(xlarge tree) 

Data analysis 

All analyses were based on each site acting as one replicate to avoid pseudo-

replication. The site-level values for terrestrial invertebrate biomass and abundance 

was obtained by pooling the results from the four quadrats sampled. Site-level 

values for aquatic invertebrate biomass and abundance were obtained by taking the 

mean of those replicate surbers from each site and mean values were used for all 

other replicated in-situ parameters  

Aquatic insect biomass was used as the key predictor as opposed to aquatic 

invertebrate biomass because it was predicted that adult aquatic insects were more 

likely to be incorporated into terrestrial food webs than other aquatic invertebrates, 

(e.g. snails and worms). Arachnids were used as the response group because other 

predators such as ground beetles were not commonly found in the gravel bar survey. 

The key predictor, insect biomass was presented as an interaction term (g m-2 of 

stream). This variable accounted for stream size as well as stream insect biomass. A 

larger stream might have had lower insect biomass per m2 than that of a small stream 

but because of its size, there might be a greater net flux of emerging aquatic adult 

insects available to terrestrial predators. To ensure logical consistency, the terrestrial 

gravel bar response variables (Arachnids) were factored with gravel bar width and 

presented as Arachnid biomass (g m-2 of gravel bar) or Arachnid abundance (no. m-2 

of gravel bar). Arachnid abundance data was log transformed (ln [x + 1]) to reduce 

heteroscedasticity.  

Relationships between the observed biological communities and biotic and physical 

parameters were examined firstly using a correlation matrix to identify potential 

confounding effects associated with multi-colinearity. The confounding physical 
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variables were identified and regressed against both response and predictor 

variables. The residuals of the response and predictor variables were then plotted 

against each other to see if any relationship remained after removing the effects of 

confounding physical variables. All physical variables measured on the gravel bar 

survey were regressed against both the predictor and response variables for that part 

of the analysis. Those physical variables were leaf litter (g m-2), habitat complexity 

index score, substrate size (cm), substrate coefficient of variance, bar width (m), bar 

size (m2), altitude (m a.s.l.), Pfankuch stability index score, canopy (% cover), stream 

width (m) and channel width (m). Only three variables were regressed against the 

web density data, and these were altitude, channel width and habitat architecture. 

Analysis of covariance was initially used to examine the effect of stream insect 

biomass on mean web densities with increasing distance from the stream. This 

analysis was unable to spare enough degrees of freedom to test the interaction 

between the continuous predictor, the distance from the stream and the covariate, 

aquatic insect biomass. An alternative method was employed using regression 

analysis of residual values at each distance from the stream. 

RESULTS 

Gravel bar invertebrates 

A total of 1866 terrestrial invertebrates were recorded from the gravel bar survey. 

Arachnids made up 14% of total abundance, with spiders (Araneae) dominating this 

group with 12% and harvestmen (Opiliones) making up the remainder. The Acarina 

(Arachnida), which were excluded from this group for the biomass analysis made up 

10% of total abundance. Common spider families were the Linyphiidae (3%), 

Hahniidae (3%), Lycosidae (1.5%) and Pisauridae (1%). Collembola (Hexapoda) were 

the most abundant invertebrates making up 28% of the total. Other common 

terrestrial invertebrates were landhoppers (Amphipoda) (4%) and millipedes 

(Diplopoda) (3%).  

Insects made up 38% of total abundance and the most common family were the rove 

beetles (Coleoptera: Staphylinidae) (22%). Common aquatic insects found in the 
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samples were adult Simuliids (Diptera) with 6% of total abundance and a semi-

terrestrial Plecopteran (Nesoperla spp.) (2%).  

Gravel bar arachnid biomass and density 

Arachnid biomass (g m-2 of gravel bar) and density (no. m-2 of gravel bar) were 

positively correlated with aquatic insect biomass (Table 4) but there were several 

factors that could confound this apparent relationship. The correlation matrix (Table 

4) highlights these multi-colinearity effects and there were a number of variables 

inter-correlated with the response and predictor variables which could have been 

confounding. One such variable was altitude (m a.s.l.) which was negatively 

correlated with both arachnid density (no. m-2 of gravel bar) and biomass (g m-2 of 

gravel bar) and aquatic insect biomass (g m-2 of stream). This was problematic, as the 

effect of altitude could not be ruled out as the main effect limiting arachnid biomass 

and densities as well as aquatic insect biomass. Indeed, spiders and insects living in 

gravel bar habitats at higher altitudes may have shorter periods of activity than 

animals living at lower altitudes (Butterfield 1996). Other factors that were similarly 

confounding were the habitat complexity index, which was positively related with 

both response and predictor variables as was the coefficient of variance of mean 

substrate size.  

For these reasons, and as explained under the Data analysis heading in the Methods 

section the residuals of both the predictor and response variables were used in all 

regressions. Web density (m-3) too was confounded by altitude, and was treated 

similarly. 

The residual values show that there is a highly significant relationship between 

arachnid biomass and aquatic insect biomass (Table 5; Figure 5). Similarly, arachnid 

density is positively related to aquatic insect biomass (Table 6; Figure 6), although 

this relationship is not as strong as that of arachnid and aquatic insect biomass. 

Ephemeroptera, Trichoptera (Figures 7, 8) and aquatic dipteran biomass were all 

positively correlated with arachnid biomass (Table 5). Arachnid density was 

significantly related with Trichoptera and aquatic Coleopteran biomass, but these 

relationships both had low R2 values. Dolomedes spp. dominated arachnid biomass, 



and sites with Dolomedes spp. present had significantly higher arachnid biomass than 

those where they were absent (Two-tailed t-test, T = 4.19, P < 0.01). 
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Figure 5 The interaction of arachnid biomass (and gravel bar size) and the interaction of aquatic insect 
standing biomass (and stream size). Residual arachnid biomass = 0.0533 (residual aquatic insect 

biomass) + 0.00001; n = 37; R2 = 0.42; P < 0.0001. 

  

Stream spider web densities 

The main families of web-building spiders observed were Tetragnathidae, Araneida 

and Nanometidae, although Linyphiidae, Theridiidae, and Stiphidiidae were 

commonly encountered as well, albeit at lower densities. Spider web densities were 

positively correlated with aquatic insect biomass (F1,14 = 5.41, R2 = 0.28, P < 0.05,) 

(Figure 9). There were no significant differences between mean horizontal and 

vertical webs densities or pool and riffle web densities, but there were significantly 

more vertically perpendicular than parallel webs on the stream transects  (Two-tailed 

t-test, T = 4.25, P < 0.001) (Figure 10).  
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Table 4 Correlation matrix of biotic and abiotic factors highlighting multi-colinearity effects. * P < 0.05, ** P < 0.01, *** P < 0.001 

 Arachnid 
density 

Arachnid 
biomass 

Other 
biomass Leaf litter HCI  Substrate 

size 
Substrate 

CV 
Bar  

width 
Bar 

 area Altitude  Pfankuch 
Index Canopy Stream 

width 
Channel 

width Cond. CPOM  Algae insect 
Biomass  

Arachnid 
density 
(no. m-2 bar) 

1                  

Arachnid 
biomass 
(g m-2 bar) 

0.6  7*** 1

6* 44** 1

0.06 0.10 0.03 1

                 

Other 
biomass  
(g m-2) 

0.8  ** 0.                  

Leaf litter  
(g m-2) -  -  -                 

Habitat 
Complexity 
Index (HCI) 

0.37* 0.56*** 0.19 -0.04 1              

Substrate size 
(cm) -0.10 0.14 -0.31 -0.20 0.38* 1             

Substrate 
coefficient of 
variance 

0.24 0.34* 0.12 -0.25 0.21 0.29 1            

Bar width (m) 0.51** 0.31 0.38* -0.02 0.24 0.08 0.11 1           

Bar area (m2) 0.41* 0.22 0.27 -0.06 0.24 0.15 0.08 0.85*** 1          

Altitude       
(m a.s.l.) -0.55*** -0.56*** -0.45** 0.04 -0.19 0.27 -0.33* -0.03 0.07 1         

Pfankuch 
Index -0.12 -0.10 -0.12 -0.29 -0.16 0.02 0.21 0.14 0.24 -0.07 1        

Canopy  
(% cover) 0.08 -0.20 0.17 0.11 -0.38* -0.26 0.04 0.05 -0.09 -0.10 -0.26 1       

Stream width 
(m) -0.03 0.14 -0.17 -0.07 0.24 0.38* -0.05 0.31* 0.38* 0.34* 0.30 -0.53** 1      

Channel width 
(m) 0.08 0.13 -0.08 -0.07 0.25 0.43** 0.04 0.49** 0.56*** 0.30 0.38* -0.42** 0.91*** 1     

Conductivity 
(µS25 cm-1) 0.27 0.16 0.49** -0.08 0.06 -0.38* 0.09 -0.05 -0.08 -0.43** -0.11 0.15 -0.36* -0.33* 1    

CPOM 
(g m-2) -0.09 0.08 -0.01 0.34* -0.10 -0.21 0.05 -0.33 -0.35* -0.01 -0.41* 0.28 -0.30 -0.45** 0.06 1   

Algae  
(mg cm-2) -0.04 -0.12 -0.12 0.26 -0.16 -0.26 -0.09 -0.02 -0.10 -0.14 -0.15 0.01 -0.34* -0.33* 0.03 0.10 1  

Aqua. insect 
biomass 
(g m-2 stream) 

0.25 0.69*** 0.14 -0.09 0.34* 0.06 0.35* 0.08 0.02 -0.30* 0.09 -0.27 0.29 0.20 0.09 0.15 -0.20 1 
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Figure 6 The interaction of arachnid density (and gravel bar size) and the interaction of aquatic insect 
standing biomass (and stream size). Residual log arachnid density = 0.0837 (residual aquatic insect 

biomass) + 0.000007; n = 37; R2 = 0.11; P < 0.05 
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Figure 7 The interaction of arachnid biomass (and gravel bar size) and the interaction of 
Ephemeroptera standing biomass (and stream size). Residual arachnid biomass = 0.0908 (residual 

Ephemeroptera biomass) + 0.00001; n = 37; R2 = 0.40; P < 0.001 
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Residual Trichoptera biomass 
(g m-2 of stream)
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Figure 8 The interaction of arachnid biomass (and gravel bar size) and the interaction of Trichoptera 
standing biomass (and stream size). Residual arachnid biomass = 0.0908 (residual Trichoptera 

biomass) - 0.00005; n = 37; R2 = 0.31; P < 0.001 
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Figure 9 Spider web density and the interaction of aquatic insect standing biomass (and stream size). 
Residual spider web density = 0.0992 (residual aquatic insect biomass) + 0.00001; n = 16; R2 = 0.28; P < 

0.05 
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Table 5 Table of regressions of residual aquatic orders (g m-2 of stream) against residual arachnid 
biomass (g m-2 of gravel bar) after removing confounding abiotic effects. 

Analysis of variance   Arachnid 
biomass d.f. MS F P Constant Predictor R2 

Ephemeroptera        
Regression 1 0.460 22.8 >0.001 0.00001 0.091 0.40 
Residual 35 0.758      

Plecoptera        
Regression 1 0.026 0.76 0.389 0.00001 -0.075 0.02 
Residual 35 0.035      

Trichoptera        
Regression 1 0.390 15.81 >0.001 -0.00005 0.077 0.31 
Residual 35 0.025      

Megaloptera        
Regression 1 0.115 3.53 0.069 0.00001 0.036 0.09 
Residual 35 0.033      

Diptera        
Regression 1 0.189 6.21 0.018 0.00001 0.107 0.15 
Residual 35 0.030      

Coleoptera        
Regression 1 0.120 3.72 0.062 -0.00012 0.150 0.10 
Residual 35 0.032      

Total insects        
Regression 1 0.524 25.12 >0.001 0.00001 0.053 0.42 
Residual 35 0.021      

Table 6 Table of regressions of residual aquatic orders (g m-2 of stream) against residual log arachnid 
density (no. m-2 of gravel bar) after removing confounding abiotic effects. 

Analysis of variance    Arachnid density 
d.f. MS F P Constant Predictor R2 

Ephemeroptera        
Regression 1 1.097 3.72 0.062 0.00001 0.135 0.10 
Residual 35 0.295      

Plecoptera        
Regression 1 0.677 2.21 0.146 -0.00001 0.380 0.06 
Residual 35 0.307      

Trichoptera        
Regression 1 1.473 5.19 0.029 -0.00012 0.149 0.13 
Residual 35 0.284      

Megaloptera        
Regression 1 0.019 0.06 0.810 0 -0.015 0.00 
Residual 35 0.326      

Diptera        
Regression 1 0.507 1.63 0.210 0 0.175 0.04 
Residual 35 0.312      

Coleoptera        
Regression 1 1.446 5.08 0.031 -0.00043 0.519 0.13 
Residual 35 0.285      

Total insects        
Regression 1 1.290 4.48 0.042 0.00001 0.084 0.11 
Residual 35 0.289      



Stream – forest spider web transects 

Mean spider web density declined exponentially with increasing distance from the 

stream edge (F2,7 = 81.8, R2 = 0.96, P < 0.0001) (Figure 11) and habitat architecture 

showed no trend over this distance (Figure 12). Stream insect biomass had a 

significant effect as a covariate in the density of webs over distance (F1, 148 = 18.1, P < 

0.001). The regression analysis of residual mean web density and residual stream  

insect biomass at each distance from the stream showed that over the first four 

metres there was no significant relationship between these two variables. However, 

at the distance of four to six metres, residual mean web density was significantly 

related to residual stream insect biomass (F1,14 = 9.93, P < 0.01, R2 = 0.42). No 

significant relationships between residual web density and stream insect biomass 

were observed past this point. Additionally, there were significantly more vertical 

webs than horizontal webs at the distance of four to six metres from the stream (F1, 30 

= 9.30; P < 0.01) (Figure 13). 
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Figure 10 Mean density of vertical webs by orientation to stream recorded from stream transects 
(±SE); n =16; Two-tailed t-test: T = 4.25; P < 0.001) 
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Figure 11 Mean spider web density exponentially declines with increasing distance from stream edge 
(±SE). Mean web density = 0.0983 + 0.603e-0.383 (Distance); n = 16; R2 = 0.96; P < 0.0001 
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Figure 12 Mean habitat architecture showed no relationship with increasing distance from stream 
edge (±SE). Mean habitat architecture = 1.16 – 0.0002 (Distance); n = 16; R2 = 0.00007; P = 0.983. 

 

 37 



Distance from stream edge (m)

0 2 4 6 8 10 12 14 16 18 20

M
ea

n 
w

eb
 d

en
si

ty
 (n

o.
 w

eb
s 

m
-3

)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35
Vertical 
Horizontal

a

b

 

Figure 13 Vertical webs were observed at higher densities than horizontal webs at the distance of 4 -6 
metres from the stream edge (letters a, b indicate significant difference). ±SE; F1, 30 = 9.30; P < 0.01 

DISCUSSION 

Survey results 

The object this study was to attempt to elucidate potential cross-habitat linkages 

between aquatic insects and terrestrial predators. The survey indicated that arachnid 

biomass per m2 of gravel bar was significantly related to aquatic insect biomass per 

m2 of stream, suggesting that the terrestrial predators present in such riparian 

habitats rely heavily upon allocthonous prey inputs from the juxtaposed aquatic 

habitat, and that a high level of aquatic insect biomass could support high levels of 

terrestrial predator biomass. Furthermore, elevated web-building spider densities 

were observed where aquatic insect biomass within the stream was high adding 

further evidence that gradients in stream productivity influence the biomass and 

abundance of terrestrial predators. Ephemeroptera, Trichoptera and Diptera could 

represent aquatic orders that form the basis of this interaction with the terrestrial 

habitat. Additionally, the web surveys showed that spider web densities decreased 

exponential with increasing distance from the stream, and that streams with high 
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aquatic insect biomass might have a larger ‘footprint’ on the riparian zone, measured 

by higher densities of web-building spider further out from the stream margin. 

There are limitations in what this study can tell us about aquatic-terrestrial linkages. 

It was assumed that an increase in either or both aquatic insect biomass and stream 

size leads to a greater flux of energy from the stream in the form of emergent adult 

aquatic insects and that this resource was tracked by terrestrial predators, 

influencing their biomass and densities. The exact nature and extent of this pathway 

is uncertain, as without trapping for emerging aquatic adult and terrestrial volant 

insects that might be prey for riparian predators, it is difficult to rule out the 

potential for terrestrial productivity to be driving the higher levels of predator 

biomass and densities observed.  

Arachnid density 

The relationship of arachnid density to aquatic insect biomass was not as strong as 

that of arachnid biomass. This could have been due to the disturbance history of the 

habitat. Habitats that appeared to have been recently disturbed by floods often had 

low spider densities, even if there was a reasonable benthic faunal biomass. It could 

be that the terrestrial communities of gravel bars take longer to recover after floods 

than that of the adjacent aquatic habitat, given that stream invertebrates can 

recolonize through drift. The composition of spider communities along the margins 

of three western European rivers was influenced at the local scale by flood duration 

and timing, and assemblages were most diverse at intermediate levels of inundation 

(Bell et al. 1999).  

In some cases, gravel bars that appeared to be stable (i.e. not recently disturbed) 

supported large amount of terrestrial detritus and associated terrestrial detritivores 

such springtails (Collembola). High densities of miniature spiders (Hahniidae) were 

often observed at such sites and are known predators of springtails (Forster & Forster 

1999), but their distribution appears to be confined to lower altitudes. 

Presence of Dolomedes spp. (Araneae: Pisauridae) 

However, the observed high levels of terrestrial predator biomass where levels of 

adult aquatic insect biomass were high were usually the result of Dolomedes presence. 
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This large free-living spider is often found on the stony banks of streams where it has 

been observed eating emergent adult aquatic insects, in particular caddisflies 

(Trichoptera) and craneflies (Diptera: Tipulidae) (Williams 1979). High densities and 

biomass of these spiders have been observed alongside a diverted creek running into 

a mine site completely devoid of vegetation, the closest forest edges being located 

approximately 100 m upstream or the same distance perpendicular to the stream 

(author’s unpublished data). The lack of terrestrial vegetation was predicted to have 

significantly decreased terrestrial prey inputs to the gravel bar habitat, yet Dolomedes 

was one of few invertebrates present in this faunally depauperate habitat adjacent to 

the creek. Even with this predicted lack of terrestrial prey inputs, higher biomass and 

densities of Dolomedes were observed out in the middle of the diversion. The high 

levels of light that the stream received in the diversion site meant that algae was 

abundant, and this increase in stream productivity could have enhanced the biomass 

and emergence rate of drifting colonisers leading to higher levels of aquatic adult 

flux which was tracked by Dolomedes. Lycosid spiders in North America have been 

observed to be behaviourally recruited to ‘hotspots’ of adult aquatic insect 

emergence associated with floating algal mats (Parker & Power 1993).  

If Dolomedes and other large arachnids such as wolf spiders are more common along 

highly productive streams then this could enhance the diet of higher-level predators. 

Almost all free-living spiders are potential food for birds and lizards (Forster & 

Forster 1999). The New Zealand fernbird (Bowdleria punctata) is a known predator of 

Dolomedes (Forster & Forster 1999), and a study in Wales showed that arachnids 

consisted of up to 21% of the food brought to the nest by grey wagtails (Motacilla 

cinerea) which forage riparian zones (Omerod & Tyler 1991). 

Additional pathways for aquatic energy 

The capture of emergent adult aquatic insects is not the only pathway in which 

stream productivity could be influencing predatory invertebrate biomass and 

abundance in the adjacent habitat. Bastow et al. (2002) showed that stranded algae 

from river were an important determinant as a food source in the distribution and 

relative abundance of a terrestrial scavenger, the Pygmy grasshopper (Tetrigidae). 

Similarly, ants (Formicidae) and ground beetles (Carabidae) have been reported 
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feeding opportunistically upon beached algae (Hering & Plachter 1997). Such 

additional conduits for energy exchange between aquatic and riparian food webs 

could well serve to channel aquatic derived energy into higher trophic levels. This 

could be particularly important in the South Island of New Zealand where braided 

river channels with the right characteristics during summer can support high levels 

of filamentous algae and attract terrestrial invertebrate consumers (F.J. Burdon, 

personal observations). 

Distribution of web-building spiders 

The web survey showed that densities of both vertical and horizontal webs were 

higher at the stream margin and declined exponentially with increasing distance 

from the stream margin. In contrast, habitat architecture showed no trends over 

distance. The high densities of web-building spiders was attributed in part to the 

input of emergent prey from the stream, although the use of the stream channel as a 

corridor in which terrestrial volant insects moved through could not be ruled out. 

Slightly higher densities of terrestrial insects have been observed over streams 

(Lynch et al. 2002). Many flying insects are known to fly towards light in open spaces 

(Goldsmith 1990) and web sites where vegetation is congested are expected to 

encounter less of these insects (Ehmann 1994). Additionally, microclimate gradients 

could have influenced spider abundance. Power et al. (2004) has contended that 

Tetragnathid spiders are found at higher densities close to water because of a lack of 

tolerance to desiccation. Indeed, the effects of air currents, temperature, humidity, 

and light as negative factors influencing spider habitat selection have been well 

described in the literature (Eberhard 1971, Riechert & Tracy 1975, Biere & Uetz 1981, 

Rypstra 1983, Heiling 1999). Additionally, Williams et al. (1995) suggested that 

predation by ants could restrict tetragnathid spiders to constructing their webs over 

aquatic habitats. 

However, studies of aquatic insect dispersal have reported high densities close to the 

stream with patterns of abundance and taxanomic richness declining with distance 

from the stream edge (Collier & Smith 1998, Lynch et al. 2002). Furthermore, Power 

& Rainey (2000) formed an equation to describe the exponential decline of aquatic 

insect flux that was analogous to the curve fitted to the lateral decline of spider web 
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density observed from this survey. Spider habitat selection is determined in part by 

prey availability (Wise 1975, Olive 1980, Uetz 1986, Spiller 1992), and individual 

spider fitness increases with foraging success (Vollrath 1988, Hodge & Uetz 1996) so 

habitat selection is expected to favour habitats with high prey densities. 

The densities of vertical webs were higher than horizontal webs further out from the 

stream edge, suggesting that the reliance of vertical web-building spiders on aquatic 

prey was less than that of horizontal web-building spiders. Kato et al. (2003) have 

demonstrated evidence where it was found that vertical orb web-building spiders 

over a stream caught a far lower percentage of emerging aquatic insects than that by 

horizontal webs. However, that study was carried out in a cool temperate climate 

where the dominant tree species were deciduous with web-building spiders 

hibernating over the winter. Thus, the system examined by that study could not be 

described as highly analogous to the systems in New Zealand that formed the basis 

of this study. One would expect that the numerical and behavioural responses of 

web-building spiders to the availability of aquatic and terrestrial prey in such highly 

seasonal environments could be very different to those exhibited in New Zealand 

where poorly synchronized life histories are prevalent among the Leptophlebiidae 

(Ephemeroptera) (Towns 1983, Collier & Winterbourn 1990) and some other groups 

of New Zealand stream-dwelling insects (e.g. Winterbourn 1978, Towns 1981).  

In addition to the proportion of different web orientations changing with stream 

productivity there is the possibility of web size differing too. Power & Rainey (2000) 

described a web-building spider with a high investment of silk in its webs, meaning 

that it rarely moves. This means that it is well suited to serving as a sessile point 

sampler of prey flux. In a year of high spider abundance it was observed that spiders 

of this species along the river margin had smaller webs, larger abdomens and took 

longer to starve whereas the spiders several hundred metres back from the river had 

larger webs, were thinner and took less time to starve. The 13C content of such 

spiders showed that they may derive at least half of their carbon from river derived 

prey, even when hundreds of meters back from the river. Similarly, as productivity 

of stream influences web density it could also influence web size. It appears that on 

streams of low productivity web size is larger than that observed on highly 

productive streams (F.J. Burdon, personal observations). 
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CHAPTER 3 

The response of adult aquatic insects and riparian 
spiders to stream fertilization 

INTRODUCTION 

Adult insects emerging from streams represent an important food source for riparian 

predators at certain times of the year (Nakano & Murakami 2001). Emergence 

production has been shown to exert a considerable effect upon riparian insectivores 

such as birds (Jackson & Fisher 1986, Gray 1993, Nakano & Murakami 2001), lizards 

(Sabo & Power 2002) and spiders (Henschel et al. 2001, Kato et al. 2003). For example, 

the experimental reduction of emergent adult aquatic insects reaching an adjacent 

riparian habitat through the use of insect shields led to lower growth rates in lizards 

and changed the trophic dynamics within that habitat (Sabo & Power 2002). The 

removal of aquatic insect subsidises to lizards forced a short-term diet shift in these 

consumers to terrestrial invertebrates, and the most common ground spider (Arctosa 

spp. [Lycosidae]) had disappeared completely from shield enclosures by the end the 

experiment (Sabo & Power 2002). 

In many regions, web-building spiders are conspicuously abundant along stream 

edges by numerically tracking high concentrations of aquatic insects (Williams et al. 

1995, Henschel et al. 2001). The abundance of these spiders has been linked to that of 

adult aquatic insects (Henschel et al. 2001, Kato et al. 2003), which changes seasonally 

and typically declines with distance from the stream edge (Collier & Smith 1998, 

Power et al. 2004). Tetragnathid and lycosid spiders both show declines in 

abundance with increasing distance from the stream edge, although there is some 

suggestion that a low tolerance of desiccation forces tetragnathids to occupy sites 

with a close proximity to water (Power et al. 2004).  

Higher productivity within a donor habitat could affect the quantity and quality of 

its subsidy to the recipient habitat, thus changing the strength of the interaction with 

that habitat and its community composition. By increasing the donor systems 

productivity and therefore enhancing its subsidy, this might elicit a numerical 

and/or behavioural response by predators in the recipient habitat. In regard to 
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streams, by increasing the number of emerging adult aquatic insects, one could 

demonstrate that under the same physical conditions, web-building spiders track this 

resource numerically and/or behaviourally. 

Studies of web-building spiders have indicated that prey abundance affects spider 

density (Ward & Lubin 1992), and that spiders will often switch to capturing more 

abundant prey items (Wise 1993, Marc et al. 1999). Power et al. (2004) indicated that 

tetragnathid and lycosid spiders are more abundant along streams with high levels 

of adult aquatic insect flux. Furthermore, lycosid spiders are behaviourally recruited 

to emergence ‘hotspots’ associated with floating algal mats (Parker & Power 1993). 

Therefore, the increase in the productivity of a stream via artificial means could elicit 

a numerical and/or behavioural response by riparian predators such as web-

building spiders because of an increased quantity or quality of emergent adult 

aquatic insects. By increasing stream productivity one could possibly strengthen the 

interaction of the aquatic ecosystem with that of the terrestrial. 

Most large-scale experimental manipulations of subsidies in stream ecosystems have 

focused on the removal or weakening of cross-habitat exchanges (Wallace et al. 1999, 

Nakano et al. 1999a, Sabo & Power 2002, Kato et al. 2003). Those studies elucidated 

changes in the recipient habitat via negative bottom-up and/or top-down processes. 

Few studies have sought to test a positive bottom-up effect on the interaction of 

aquatic and terrestrial ecosystems. 

Several studies within streams have shown responses up trophic levels to increased 

primary production. For example, the biomass of a heterotroph (the bacterium 

Sphaerotilus natans), and of stream insects and fish all increased in an experiment 

manipulating stream productivity by adding sucrose to the woodland Berry Creek, 

Oregon, USA (Warren et al. 1964). In Augusta Creek, Michigan, USA, two sessile 

grazing caddisflies responded positively to phosphorous enrichment over 105 days 

in in-situ experimental stream channels with natural beds (Hart & Robinson, 1990). 

An experiment fertilizing the tundra Kuparek River of Alaska, USA saw changes in 

the biological processes and populations of all trophic levels (Peterson et al. 1993). 

The growth rate of algae, grazing insects and fish were all stimulated by the 

phosphorus and nitrogen addition, although there were community interactions that 
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affected some of these increases over time (Peterson et al. 1993).  Such responses were 

achieved with the addition of relatively low levels of phosphorus (10 µg l-1) and 

nitrogen (100 µg l-1) (Peterson et al. 1993). Manipulations of this nature could be 

expected to increase the number, biomass and rate of emerging adult aquatic insects.  

This experiment manipulated nutrient concentrations in six first order streams to test 

the following objectives: 

1. Does increasing the productivity of a stream increase the biomass of 

emerging adult aquatic insects, leading to higher densities of terrestrial 

predators (e.g. web-building spiders)? 

2. To investigate the relative contribution of stream productivity to riparian 

spider densities as opposed to other factors such as altitude, climate and 

forest type. 

METHODS 

Site description 

Six small first order streams (two treatments: three nutrient-addition, three control) 

were used for this experiment. These streams were located in the Maimai 

experimental catchment system, which is part of the upper headwaters of the Little 

Grey River near Reefton, North Westland in the South Island of New Zealand 

(Figure 1). This area was selected because the six streams were in small adjacent 

catchments with uniform forest type, climate and altitude, thus permitting 

comparisons of treatments (nutrient-addition and control) to be made at the 

catchment level. 

Stream slopes were generally steep (average 36°), less than 300 metres in length, with 

local relief ranging from 100 - 150 metres elevation (Neary et al. 1978). Compacted 

Pleistocene Old Man Gravels of fluvial origin underlie shallow (0.5 - 1 m) silty 

loam/clay soils (Mew et al. 1975, McKie 1979). These soils are very low in natural 

fertility and the majority of the nutrient content is provided by the thick organic layer  

on the forest floor (Mew et al. 1975), and which averages 17 cm in depth (Webster 

1977). Precipitation is evenly distributed seasonally and averages 2600 mm annually 



(Neary et al. 1978). Temperatures in nearby Reefton average 10.9°C, ranging from 

4.8°C in July to 16.4°C in February (Mew et al. 1975). 

 

Figure 1 Map showing location of nutrient-addition experiment. The three control (Head, Gully, Hut) 
and three nutrient-addition (Water, Easy, Weka) streams are named, and experimental catchments 

used in historical logging experiments are numbered. 
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The first-order streams in the Maimai experimental catchment system are small 

(mean width 0.7 m) and physically unstable, with beds dominated by cobbles, fine 

gravel and sand (Winterbourn 1997). In these catchments the streams typically show 

the characteristics of being slightly acidic (pH 5.0-6.5) with low conductivity (< 40 

µS25 cm-1) (Winterbourn 1997). Neary et al. (1978) reported a low mean annual 

concentration of NO3--N (0.03 mg l-1) from a native forested stream at Maimai, 

suggesting that these streams could be nitrogen limited. No fish are present, but the 

numerically dominant invertebrate taxa in the Maimai streams are the Leptophlebiid 

mayflies Deleatidium and Zephlebia, the stoneflies Austroperla, Stenoperla and 

Spaniocerca, Elmidae (Coleoptera) and the amphipod Paraleptamphopus (Winterbourn 

1997). Small numbers of obligate leaf shredders (caddisflies in the families 

Oeconesidae and Leptoceridae) occur in these streams which also support the 

predominately detritivorous crayfish, Paranephrops planifrons (Decapoda) 

(Winterbourn 1997). 

The forest cover is podocarp-Nothofagus forest dominated by hard beech (Nothofagus 

truncata), rimu (Dacrydium cupressinum), and kamahi (Weinmannia racemosa), with red 

beech (N. fusca), miro (Prumnopitys ferruginea), quintinia (Quintinia acutifolia), 

southern rata (Metrosideros umbellata), and silver beech (N. menziesii) as sub-dominant 

species (Neary et al. 1978). At gully heads and along stream margins N. truncata is 

displaced by N. fusca and N. menziesii (Beets 1980).  

Several of the catchments on the true right side of the valley were clear-cut during 

the 1970s with different forest management practices and planted in pine and 

eucalyptus (Moore 1989). However, all streams used in this study were in native 

forest and show no evidence of having been subjected to logging. 

Nutrient addition 

Dissolved nitrate fertilizer was added to three randomly selected streams from the 

start of September 2003 to the end of March 2004. The nutrient release point in each 

nutrient-addition stream was located upon the stream at a distance of approximately 

70 metres into the forest from the road. All sampling in these streams was done 

downstream from this point. The other three streams were used as controls in which 

no additions were made, and all sampling was done downstream from a reference 
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point at an equivalent distance into the forest as the nutrient release point in the 

nutrient addition streams.  

Preliminary fieldwork indicated that the three nutrient-addition streams had mean 

flows of approximately 2 l s-1 and an initial concentration of 0.1% NaNO3 was added 

continuously at a rate of 0.5 ml s-1 from the start of September 2003. Two 220 l drums 

were used at each of the nutrient addition streams to hold the NaNO3 solution. These 

were located adjacent to the stream with a hose connecting both drums to a dripper 

suspended over the channel. Drums were refilled with solution on average every ten 

days by pumping stream water into them using an electric bilge pump and adding a 

pre-dissolved nutrient concentrate. 

Because of equivocal early results from the nutrient-addition streams, the 

concentration of the NaNO3 solution was increased to 0.5% in January 2004 and from 

the start of February 2004, the nutrient solution included a 0.04% concentration of 

liquid blood and bone fertiliser (Nitrosol®, Yates New Zealand Ltd.) to add 

additional trace elements that might have been limiting algal growth. 

Physicochemical measurements 

A range of physicochemical parameters were assessed early in each of three different 

seasons; spring, summer and autumn (6 September 2003, 13 December 2003, and 31 

March 2004, respectively). Stream water was sampled in-situ to measure 

conductivity, pH and temperature using an Oakton PC10 pH/conductivity meter. 

Dissolved oxygen concentration and percentage saturation were measured using an 

YSI 550 dissolved oxygen meter. Photon flux of photo-synthetically available 

radiation (PAR) at each site was measured using a LI-250 photometer. Nitrate (NO3--

N) concentrations from water samples were obtained using a Hach DR/2000 Direct 

Reading Spectrophotometer (HACH 1992). These water samples were taken from 10 

metres below the nutrient release point in the nutrient-addition streams and from 10 

metres below the reference point in the control streams. 

Algae and detritus 

Five stones, approximately five centimetres in length were randomly collected from 

the 10 metre reach downstream of the nutrient release and reference points in the 
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nutrient addition and control streams respectively. The stones were placed in 100 ml 

of 90% ethanol and refrigerated for 24 hours, where chlorophyll concentration was 

obtaining using a Hach DR/2000 Direct Reading Spectrophotometer (HACH 1992). 

Stones were collected at the same times as the physicochemical sampling. To obtain 

an estimate of stone surface area, each stone had its outline traced onto paper, 

assuming that approximately 50% of the stones surface was exposed enabling algal 

growth. The traced outline was then cut out and weighed. This figure was then 

converted into an estimate of area using the weight of a given area of paper as a 

factor.  

CPOM (coarse particulate organic matter) was collected from Surber samples, 

elutriated and washed on a 1-mm mesh sieve. This was then oven-dried (for two 

days at 70°C) and weighed to obtain an estimate of detritus (g m-2) present in the 

benthos.  

Invertebrate sampling 

Volant insects 

In each stream, the volant insect assemblage was sampled using flight interception 

traps (‘sticky’ traps). Traps were the size of one A4 sheet of paper (29.5 cm × 21 cm). 

Six traps were suspended over each stream, three horizontally and three vertically. 

Horizontally suspended traps were used to compare insect emergence while vertical 

traps were double-sided and sampled upstream and downstream insect movement.  

One transect of vertical traps, all oriented parallel to the stream were placed at 

distances of 2.5, 5 and 10 metres from the waters edge at each stream. To ensure no 

trap interference effect each of these traps were offset so that none were directly in 

line with each other.  

Following Lynch et al. (2002), intercept traps were constructed from two transparent 

plastic A4-size sheets that were stapled back to back onto a frame made from 

gardening mesh. Both sides of vertical traps were coated with a non-attractive, non-

repellent, odourless, non-drying adhesive insect trap coating (Tanglefoot, the 

Tanglefoot Company). On horizontally oriented traps only the downward facing 

sides were coated with this adhesive. 
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The vertical and horizontal traps were suspended at a height of 1 metre by string tied 

from the trap frame to surrounding branches and tree trunks. The horizontal traps 

were suspended randomly over pools or riffles and were spaced in between the 

vertical traps. These vertical traps over the stream channel were spaced out 10 metres 

from each other and were offset from the other vertical traps where the stream 

channel ran in a straight line.  

Traps were set for ten days during late January to early February 2004 and for nine 

days in mid-March 2004 to represent the seasons of summer and autumn 

respectively. When taken down, each trap was wrapped in clear cling-film, placed in 

a bag and frozen until examination in the laboratory. 

Catch data was converted to units based on the trap and its exposure time (i.e. insect 

abundance trap-1 day-1 or insect biomass trap-1 day-1). Trap area (m2) was not used, as 

insects communicating with pheromones attracting other individuals to a trap could 

have distorted any result attempting to express the density of insects flying through 

a given area over time as opposed to just expressing their abundance and biomass 

present upon the trap. The potentially confounding effect of insect communication, 

while unavoidable was not expected to bias the comparisons because insect 

abundance or biomass was being compared between treatments. 

Benthic invertebrates 

Five Surber samples (0.01 m2, 0.5 mm mesh) were collected randomly from riffle 

habitat in each stream to measure the density and composition of the benthic 

community. These samples were preserved in 70% alcohol in the field and returned 

to the laboratory for sorting and identification. Insects were identified to genus 

following Winterbourn et al. (2000), with the exception of some dipteran, which were 

only identified to family level (e.g. Chironomidae, Simuliidae, and Muscidae). 

Spiders (Araneae) found in samples were identified were identified to family using 

Forster & Forster (1999). 

Insect identification  

Insects caught in flight interception traps were identified to order or family level, 

classified as either aquatic or terrestrial in origin according to their larval habitats 

(CSIRO 1991, Winterbourn et al. 2000), and measured using vernier callipers to the 
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nearest 0.1 mm from the frons to the tip of the abdomen (excluding antennae, 

ovipositors or wings that extended past this point). For common taxa, ten individuals 

randomly selected from a trap were measured, and a mean length was then obtained 

for that group. This was then multiplied by the total number of individuals from that 

group to obtain total biomass. The aquatic classification included those with at least 

one aquatic life stage: Ephemeroptera, Plecoptera, Trichoptera, Diptera 

(Chironomidae, Simuliidae), and Coleoptera (Elmidae, Hydraenidae). Other dipteran 

families, namely Ceratopogonidae, Tanyderidae and Tipulidae (which are known to 

include species with both aquatic and terrestrial larval life stages) were classified as 

terrestrial. Ambiguous Coleoptera that could have belonged to aquatic families and 

that are difficult to identify (i.e. Ptilodactylidae, Sciritidae) were classified as 

terrestrial. Specimens too damaged for identification were classed as terrestrial. 

Spider (Araneae) abundance was recorded but other non and partially volant 

terrestrial invertebrates such as the Blattodea, Formicidae (Hymenoptera) and 

Collembola (Hexapoda) were excluded from the analyses.  

Biomass estimation 

 The general insect regression equation of Rogers et al. (1976) was used to estimate 

biomass from insect body-length measurements. Insect body lengths ranged from 1 

mm to 20 mm, which fell well within the range of 0.5 to 26 mm used by Rogers et al. 

(1976). 

Web survey 

Surveys for web-building spider were conducted on all six streams during the 

seasons of spring, summer and autumn 2003/04. This involved the counting of fully 

formed webs using vegetation and other habitat architecture on either side of the 

stream margin along a transect of 20 metres. These transects included multiple pool-

riffle habitats. Another transect was surveyed running into the forest from the stream 

margin (i.e. running perpendicular to the stream course). This was the same survey 

design as used in Chapter 2. Sample specimens were taken for identification to 

family following Forster & Forster (1999). 

Along the 20 metre long transect webs were counted on all available habitat to a 

height of 2 metres and a depth of 1 metre either side of the stream. This effectively 
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formed a three-dimensional space of 80 m3 and total web abundance was divided by 

this to express web density (number of webs m-3). 

A 20 metre transect from the stream margin into the forest was used to assess the 

potential for a decreasing gradient in the density of web-building spiders. The same 

rationale used in Chapter 2 applied here: the presence of web-building spiders would 

be at higher densities at the stream margin due to the presence of emerging adult 

aquatic insects. Every two metres along the transect, the number of fully formed 

webs and their orientation to the stream was recorded to a distance of 1 metre either 

side of the transect and to a height of 2 metres. This forms a three-dimensional space 

in which web abundance was recorded ten times (every 2 metres) along the transect. 

For both transects web abundance is expressed as web density (number of webs m-3) 

In February and March of 2004, surveys included web orientation to assess possible 

changes in the relative abundance of different spider (Araneae) families and/or the 

availability and composition of prey. This was recorded in three categories: 

horizontal, vertically perpendicular and vertically parallel. Horizontal webs included 

all webs oriented below 45° to the stream, and any webs above this angle were 

categorized as vertical. 

Vegetation survey  

A separate vegetation survey was conducted to account for the potentially 

confounding effect of variations in vegetation architecture influencing spider habitat. 

Vegetation units and habitat structures present were recorded within two quadrats at 

each stream. The vegetation units and habitat structures recorded used the same 

categories as described in the Methods section of Chapter 2. The dimensions of the 

quadrats were 5 metres by 5 metres (25 m2). One quadrat was located directly 

adjacent to the stream edge and the other was located ten metres into the forest. In 

order to obtain a single figure for the above measurements recorded in each quadrat, 

the formula described in the Methods section of Chapter 2 was used to obtain a 

habitat architecture index score.  
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Data analysis 

Analyses were based on streams as replicates. Site-level values for all replicated in-

situ parameters were obtained by taking the average of those measurements to avoid 

pseudo-replication.  

Physicochemical and stream benthic invertebrate data were analysed using two-way 

analysis of variance with season (three levels: spring, summer and autumn) and 

treatment (two levels: nutrient-addition and control) as factor. Flux of PAR (µmol m-2 

s-1) and CPOM (g m-2) were log transformed (ln [x + 1]) to improve homoscedasticity. 

Dissolved oxygen (%) was transformed using the arcsin square root transformation. 

Standard error in graph and tables is presented corresponding to the data, but it 

should be noted that for the purposes of these analyses the standard errors have 

effectively been pooled between treatments. The effect of streams has been 

partitioned off as a fixed effect. 

Spider and volant insect data from the intercept traps placed over the stream were 

analysed using three-way analysis of variance with season (two levels: summer and 

autumn), treatment (two levels: nutrient-addition and control) and intercept trap 

(three levels: horizontal, upstream-facing and downstream-facing) as factors. Spider 

and volant insect data from the traps set at different distances from the stream were 

analysed with a three way analysis of variance with season (two levels: summer and 

autumn), treatment (two levels: nutrient-addition and control) and distance (three 

levels: 2.5, 5 and 10 metres) as factors following Lynch et al (2002). All insect 

abundance and biomass data was log transformed (ln [x + 1]) to reduce 

heteroscedasticity.  

Web building spiders densities and orientation along the streams were analysed in 

two-way analyses of variance with season (three levels: summer and autumn) and 

treatment (two levels: nutrient-addition and control) as factors. The web building 

spider data from the stream to forest transects were analysed in a three-way analysis 

of variance with season (two levels: summer and autumn), treatment (two levels: 

nutrient-addition and control) and distance (ten levels: every two metres for 20 

metres along the transect) as factors. Habitat architecture was analysed using a two-

way analysis of variance with treatment (two levels: nutrient-addition and control) 



 54 

and quadrat (two levels: forest and stream) as factors. Plecoptera were excluded from 

individual analyses due to their rarity in the flight interception traps.  

RESULTS 

Physicochemical 

Water temperature did not differ between treatments but showed significant 

differences between seasons (Tables 1, 2). Temperatures were lowest during spring 

and peaked over summer before falling in autumn (Tables 1, 2). Conductivity in both 

treatments significantly rose over seasons but it was not until autumn that 

significantly higher values were observed in the nutrient-addition streams (Tables 1, 

2). pH did not differ between treatments but did fall significantly over the seasons 

(Tables 1, 2). Dissolved oxygen was predictably inversely related to water 

temperature and did not differ between treatments (Tables 1, 2). Nitrate 

concentrations were consistently low but did significantly fluctuate between seasons, 

however the nutrient-addition streams showed higher concentrations of nitrate, 

peaking in autumn (Tables 1, 2; Figure 2). Light levels reaching experimental reaches 

were not significantly different, but the control streams did almost show significantly 

higher levels (Tables 1, 2). Chlorophyll a levels significantly increased over time, but 

did not show a significant difference between treatments (Tables 1, 2; Figure 3). 

Coarse particulate organic matter levels showed no difference between treatments, 

but did significantly increase over time in all streams (Tables 1, 2). Table 1 shows a 

summary of all physicochemical data. 

Benthic invertebrates 

Total invertebrate densities did not differ between treatments but significantly 

increased over time (Tables 3, 4). Species richness showed no significant difference 

between treatments although richness was generally higher in nutrient-addition 

streams and increased over three seasons sampled (Tables 3, 4). Both total 

invertebrate and insect densities increased significantly over the seasons in both 

treatments, but only total insect density was significantly higher in the nutrient-

addition streams (Tables 3, 4; Figure 4). A similar trend was observed for 

Ephemeroptera in which densities increased significantly over time and were 
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significantly higher in the nutrient addition streams, peaking in autumn (Tables 3, 4; 

Figure 5). Plecoptera (Tables 3, 4) followed this same trend, while Coleopteran 

densities did not significantly change over time but were significantly higher in the 

nutrient-addition streams. In contrast, although Trichopteran densities were 

significantly higher in autumn in both treatments, there was no significant difference 

between the nutrient-addition and control streams (Tables 3, 4). Aquatic Diptera 

densities showed no significant increases over time or between treatments but did 

indicate a trend towards higher densities in the nutrient-addition streams (Tables 2, 

4).  

Stream flight intercept traps 

Total taxa abundance and biomass 

Terrestrial insects dominated total insect abundance (Table 5), representing 86% of all 

insects collected across all traps, sites and seasons. However, there were significantly 

less terrestrial insects collected in horizontal traps (Tables 5, 6; Figure 6). Aquatic 

insect abundances were low in comparison to that of terrestrial insects, but they were 

significantly more abundant in autumn and in the nutrient-addition streams (Tables 

5, 6; Figure 7). Terrestrial insects dominated biomass with 65% of total biomass 

across all traps, sites and seasons, though significantly lower biomass was found on 

horizontal traps (Tables 7, 8; Figure 8). Although the highest aquatic insect biomass 

was recorded in the nutrient addition streams in autumn no significant differences 

were observed seasonally or between treatments (Table 8, Figure 9). 

Aquatic taxa abundance and biomass 

 Aquatic Coleoptera (i.e. Elmidae, Hydraenidae, Hydrophillidae) significantly 

decreased in abundance and biomass between seasons, particularly in the nutrient 

addition streams (Tables 9, 10). Diptera (Chironomidae, Simuliidae) were the most 

abundant aquatic taxon making up 9% of total insect abundance, although only 2% 

of total insect biomass. They were significantly more abundant in autumn and the 

nutrient-addition streams (Table 9, Figure 10), however did not differ in abundance 

across trap type (Table 9, Figure 10). The biomass of aquatic Diptera was significantly 

higher in both autumn and the nutrient addition streams (Table 10, Figure 11).  
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Ephemeroptera did not make up a large proportion of total insect abundance (1%) 

but represented a large share of total insect biomass (16%) over the stream. 

Ephemeroptera did not differ in either abundance or biomass between seasons and 

treatments but were found significantly less abundant and had lower biomass in the 

upstream facing intercept traps (Tables 9, 10; Figure 12), indicating a strong bias to 

upstream migration. Plecoptera were poorly represented in intercept traps, with both 

low abundance and biomass and were excluded from the analysis. Four were 

collected in total with two in each sampling period. In the summer sampling period 

the two collected were from upstream facing traps in nutrient addition streams and 

in autumn one was collected on the same trap type from a stream in each treatment. 

Trichoptera also contributed a minor percentage to total insect abundance (2%) but 

represented a large proportion of total insect biomass (15%). Their abundance was 

not affected by treatment or season, but they were found significantly less abundant 

and with lower biomass in the horizontal traps (Tables 9, 10; Figure 13).  

Terrestrial taxon abundance and biomass 

Terrestrial Diptera were pre-eminent in both total insect abundance (68%) and 

biomass (37%). In turn, the Diptera were dominated by the Mycetophillidae, which 

made up 47% and 26% of total insect abundance and biomass respectively. Because 

this family were so ubiquitous across all sites, seasons and traps they were separately 

analysed from the rest of the terrestrial Diptera collected. The abundance of 

Mycetophillidae over the stream increased significantly from summer to autumn (F = 

18.0, P < 0.001), as did their biomass (F = 7.28, P < 0.05). Terrestrial dipteran 

abundance and biomass mirrored these trends. In contrast, the terrestrial Coleoptera 

showed a marked decrease seasonally, going from representing 12% of total 

abundance and 10% of total biomass in summer to 3% and 2% respectively in 

autumn. Similar such trends were observed in the Hymenoptera and Lepidoptera. 
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Figure 2 Mean nitrate concentrations (mg l-1 NO3--N) from nutrient-addition and control streams over 
three seasons: spring, summer and autumn of 2003/04 (n = 3, ± SE) 
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Figure 3 Mean chlorophyll a concentrations (µg cm-2) from nutrient-addition and control streams over 
three seasons: spring, summer and autumn of 2003/04 (n = 3, ± SE) 
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Figure 4 Mean total density of benthic insects (no. insects m-2) from nutrient-addition and control 
streams over three seasons: spring, summer and autumn of 2003/04 (n = 3, ± SE) 
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Figure 5 Mean total density of benthic Ephemeroptera (no. insects m-2) from nutrient-addition and 
control streams over three seasons: spring, summer and autumn of 2003/04 (n = 3, ± SE)
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Table 1 Physicochemical parameters recorded from nutrient-addition and control streams over three seasons: spring, summer and autumn of 2003/04   
(n = 3, ± SE) 

 Spring Summer Autumn 
 Nutrient Control Nutrient Control Nutrient Control 
Temperature (°C) 6.1 ± 0.2 5.4 ± 0.1 12.5 ± 0.4 13.0 ± 0.3 9.2 ± 0.1 9.3 ± 0.2 
Conductivity (µS °C cm-1) 20.4 ± 0.2 21.5 ± 0.2 26.9 ± 1.4 27.6 ± 1.1 61.0 ± 4.9 28.4 ± 0.8 
pH 6.67 ± 0.11 6.77 ± 0.04 6.61 ± 0.07 6.81 ± 0.18 5.96 ± 0.05 6.07 ± 0.02 
DO (mg/l) 11.1 ± 0.1 11.2 ± 0.3 8.3 ± 0.2 8.7 ± 0.1 9.6 ± 0.1 9.1 ± 0.5 
DO (%) 88.7 ± 1.0 89.0 ± 2.1 77.0 ± 1.6 80.8 ± 1.2 85.0 ± 0.9 79.8 ± 3.7 
Flux of PAR (µmol m-2 s-1l) 8.6 ± 4.1 40.2 ± 21.8 6.7 ± 4.1 15.0 ± 0.1 5.3 ± 0.6 8.2 ± 1.5 
Nitrate (mg/l NO3 -N) 0.08 ± 0.01 0.07 ± 0.01 0.06 ± 0.01 0.04 ± 0.00 0.22 ± 0.01 0.10 ± 0.00 
CPOM (g m-2) 7.8 ± 0.5 6.1± 0.9 19.2 ± 2.8 16.3 ± 2.4 30.5 ± 6.3 20.3 ± 1.7 
Chlorophyll a (µg cm-2) 0.35 ± 0.07 0.41 ± 0.07 0.91 ± 0.09 0.84 ± 0.25 1.40 ± 0.51 0.83 ± 0.06 

Table 3 Stream benthic invertebrate richness and densities (no. individuals m-2) recorded from nutrient-addition and control streams over three seasons: 
spring, summer and autumn of 2003/04 (n = 3, ± SE) 

 Spring Summer Autumn 
 Nutrient Control Nutrient Control Nutrient Control 
Ephemeroptera 154 ± 31 100 ± 41 273 ± 60 225 ± 70 524 ± 73 231 ± 27 
Plecoptera 57 ± 18 38 ± 27 89 ± 36 74 ± 37 245 ± 49 89 ± 24 
Trichoptera 67 ± 34 85 ± 61 75 ± 38 78 ± 35 242 ± 77 127 ± 41 
Diptera 27 ± 18 19 ± 10 76 ± 13 42 ± 15 92 ± 39 28 ± 8 
Coleoptera 12 ± 8 9 ± 6 11 ± 6 9 ± 3 36 ± 9 6 ± 3 
Total insects 316 ± 109 250 ± 146 524 ± 153 427 ± 160 1139 ± 248 482 ± 103 
Total invertebrates 329 ± 119 309 ± 169 555 ± 161 520 ± 196 1221 ± 279 587 ± 130 
Species richness 16.3 ± 2.0 14.0 ± 3.2 20.3 ± 1.2 18.7 ± 0.3 25.0 ± 0.6 20.0 ± 2.5 
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Table 2 Results of two-way ANOVA on physicochemical parameters recorded from streams with the 
factors of season (three levels: spring, summer and autumn) and treatment (two levels: nutrient-
addition and control. * P < 0.05, ** P < 0.01, *** P < 0.001. 

  Temperature Conductivity pH DO DO% 

 d.f MS F MS F MS F MS F MS F 

Treatment 1 0.020 0.082 226 63.1*** 0.080 1.96 0.001 0.003 0.000 0.024 

Season 2 74.2 304*** 563 157*** 0.980 24.0*** 11.2 41.9*** 0.030 9.81** 
Treatment 
× Season 2 0.502 2.05 288 80.5*** 0.004 0.099 0.348 1.31 0.005 0.246 

Residual 12 0.244  3.58  0.041  0.266  0.003  

Table 2 continued.  

  Nitrate Light Chlorophyll a CPOM 

 d.f MS F MS F MS F MS F 

Treatment 1 0.003 15.6** 3.85 4.72 0.177 1.03 0.248 2.77 

Season 2 0.008 43.4*** 0.398 0.488 0.845 4.95* 2.17 24.2*** 
Treatment × 
Season 2 0.001 2.85 0.381 0.467 0.162 0.948 0.011 0.122 

Residual 12 0.000  0.815  0.171  0.090  
 

Table 4 Results of two-way ANOVA on benthic invertebrates data recorded from streams with the 
factors of season (three levels: spring, summer and autumn) and treatment (two levels: nutrient-
addition and control. * P < 0.05, ** P < 0.01, *** P < 0.001. 

  Ephemeroptera Plecoptera Trichoptera Diptera 

 d.f MS F MS F MS F MS F 

Treatment 1 78300 16.4** 18000 5.27* 4380 0.629 5620 3.57 

Season 2 94300 19.7*** 22800 6.67* 23600 3.38 2690 1.72 
Treatment × 
Season 2 29400 6.15* 9850 2.80 7910 1.14 1180 0.753 

Residual 12 478  3400  6960  1570  

Table 4 continued. 

  Coleoptera Total 
invertebrate Total insects Species 

richness 
 d.f MS F MS F MS F MS F 

Treatment 1 598 5.35* 237000 3.86 336000 6.15* 40.5 3.58 

Season 2 230 2.06 524000 8.53** 426000 7.81** 81.6 7.20** 
Treatment × 
Season 2 370 3.34 184000 3.00 166000 3.05 4.67 0.412 

Residual 12 112  61000  54600  11.3  

 60 



Intercept trap

Horizontal Upstream Downstream

M
ea

n 
ab

un
da

nc
e 

(n
o.

 in
se

ct
 tr

ap
-1

 d
ay

-1
)

0

2

4

6

8

10
Summer Nutrient
Summer Control
Autumn Nutrient
Autumn Control

 

Figure 6 Mean total terrestrial volant insect abundance (no. insects trap-1 day-1) from nutrient-addition 
and control stream flight intercept traps over two seasons: summer and autumn of 2003/04 (n = 3, ± 

SE) 
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Figure 7 Mean total aquatic adult insect abundance (no. insects trap-1 day-1) from nutrient-addition 
and control stream flight intercept traps over two seasons: summer and autumn of 2003/04 (n = 3, ± 

SE) 
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Figure 8 Mean total terrestrial volant insect biomass (mg dry weight trap-1 day-1) collected from 

nutrient-addition and control stream flight intercept traps over two seasons: summer and autumn of 
2003/04 (n = 3, ± SE) 
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Figure 9 Mean total aquatic adult insect biomass (mg dry weight trap-1 day-1) collected from nutrient-
addition and control stream flight intercept traps over two seasons: summer and autumn of 2003/04 

(n = 3, ± SE) 
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Figure 10 Mean total aquatic adult dipteran (Chironomidae, Simuliidae) abundance (no. insects trap-1 
day-1) collected from nutrient-addition and control stream flight intercept traps over two seasons: 

summer and autumn of 2003/04 (n = 3, ± SE) 
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Figure 11 Mean total aquatic adult dipteran (Chironomidae, Simuliidae) biomass (mg dry weight trap-

1 day-1) collected from nutrient-addition and control stream flight intercept traps over two seasons: 
summer and autumn of 2003/04 (n = 3, ± SE) 
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Figure 12 Mean total adult ephemeropteran biomass (mg dry weight trap-1 day-1) collected from 
nutrient-addition and control stream flight intercept traps over two seasons: summer and autumn of 

2003/04 (n = 3, ± SE) 
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Figure 13 Mean total adult trichopteran biomass (mg dry weight trap-1 day-1) collected from nutrient-
addition and control stream flight intercept traps over two seasons: summer and autumn of 2003/04 

(n = 3, ± SE) 
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Table 5 Mean abundance of insects (no. insects trap-1 day-1) collected from nutrient-addition and 
control stream flight intercept traps over two seasons: summer and autumn of 2003/04 (n = 3, ± SE) 

 Summer Autumn 
 Nutrient Control Nutrient Control 
Horizontal     

All insects 3.1 ± 1.5 2.3 ± 0.7 3.9 ± 1.2 3.8 ± 2.1 
Terrestrial 2.5 ± 1.2 1.8 ± 0.5 3.2 ± 1.0 3.3 ± 1.9 
Aquatic 0.6 ± 0.2 0.5 ± 0.2 0.7 ± 0.2 0.5 ± 0.2 

Vertical upstream     
All insects 3.5 ± 1.5 3.2 ± 1.5 4.3 ± 1.6 4.5 ± 1.2 
Terrestrial 3.0 ± 1.3 3.0 ± 1.4 3.5 ± 1.3 4.0 ± 1.0 
Aquatic 0.4 ± 0.2 0.1 ± 0.1 0.8 ± 0.3 0.5 ± 0.2 

Vertical downstream     
All insects 3.6 ± 1.5 3.4 ± 1.6 4.4 ± 1.1 7.2 ± 3.1 
Terrestrial 3.2 ± 1.4 3.0 ± 1.3 3.5 ± 0.9 6.7 ± 3.0 
Aquatic 0.4 ± 0.2 0.5 ± 0.2 0.9 ± 0.3 0.5 ± 0.2 

 

Table 6 Results of three-way ANOVA on mean insect abundance data (no. insects trap-1 day-1) 
recorded from intercept traps with the factors of season (two levels: summer and autumn), treatment 
(two levels: nutrient-addition and control) and trap type (three levels: horizontal, vertical upstream-
facing, vertical downstream facing). * P < 0.05, ** P < 0.01, *** P < 0.001. 

  Total insect Terrestrial Aquatic 
 d.f MS F MS F MS F 

Treatment 1 0.105 1.18 0.059 0.558 0.127 5.19* 

Season 1 0.105 5.70* 0.403 3.80 0.168 6.87* 

Trap 2 0.363 4.10* 0.503 4.73* 0.031 1.26 

Treatment × Season 1 0.009 0.097 0.004 0.037 0.006 0.249 

Treatment × Trap 2 0.104 1.176 0.121 1.14 0.001 0.027 

Season × Trap 2 0.056 0.634 0.035 0.331 0.032 1.31 

Treatment × Season  × 
Trap 2 0.037 0.421 0.055 0.518 0.023 0.942 

Residual 24 0.088  0.106  0.024  

 

 

 

 65 



Table 7 Mean biomass of insects (mg dry weight trap-1 day-1) collected from nutrient-addition and 
control stream flight intercept traps over two seasons: summer and autumn of 2003/04 (n = 3, ± SE) 

 Summer Autumn 

 Nutrient Control Nutrient Control 
Horizontal     

All insects 22 ± 13 27 ± 14 38 ± 16 18 ± 10 
Terrestrial 14 ± 7 13 ± 6 19 ± 7 16 ± 8 
Aquatic 8 ± 6 14 ± 8 19 ± 9 2 ± 2 

Vertical upstream     
All insects 33 ± 19 59 ± 43 40 ± 19 36 ± 17 
Terrestrial 30 ± 17 54 ± 42 28 ± 12 26 ± 8 
Aquatic 3 ± 2 5 ± 2 12 ± 7 10 ± 9 

Vertical downstream     
All insects 46 ± 31 38 ± 23 49 ± 21 56 ± 29 
Terrestrial 35 ± 25 24 ± 12 27 ± 9 43 ± 26 
Aquatic 11 ± 7 16 ± 11 23 ± 12 13 ± 3 

 
Table 8 Results of three-way ANOVA on mean insect biomass data (mg dry weight trap-1 day-1) 
recorded from intercept traps with the factors of season (two levels: summer and autumn), treatment 
(two levels: nutrient-addition and control) and trap type (three levels: horizontal, vertical upstream-
facing, vertical downstream facing). * P < 0.05, ** P < 0.01, *** P < 0.001. 

  Total insect Terrestrial Aquatic 
 d.f MS F MS F MS F 

Treatment 1 0.020 0.090 0.020 0.074 0.542 0.599 

Season 1 0.041 0.189 0.049 0.185 0.956 1.06 

Trap 2 1.40 6.42* 1.99 7.56* 1.51 1.67 

Treatment × Season 1 0.338 1.55 0.000 0.000 2.10 2.32 

Treatment × Trap 2 0.156 0.716 0.106 0.401 0.576 0.638 

Season × Trap 2 0.052 0.238 0.199 0.754 0.615 0.681 

Treatment × Season  × 
Trap 2 0.281 1.29 0.288 1.10 0.800 0.885 

Residual 24 0.218  0.263  0.904  
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Table 9 Results of three-way ANOVA on mean adult aquatic insect abundance data (no. insects trap-1 day-1) recorded from intercept traps with the factors of 
season (two levels: summer and autumn), treatment (two levels: nutrient-addition and control) and trap type (three levels: horizontal, vertical upstream-
facing, vertical downstream facing). * P < 0.05, ** P < 0.01, *** P < 0.001. 

  Coleoptera Diptera Ephemeroptera Trichoptera 
 d.f MS F MS F MS F MS F 
Treatment 1 0.007 3.47 0.119 8.97** 0.001 1.10 0.000 0.004 
Season 1 0.011 5.96* 0.327 24.5*** 0.003 0.344 0.030 0.714 
Trap 2 0.001 0.757 0.020 1.48 0.014 4.78* 0.020 4.76* 
Treatment × Season 1 0.013 7.01* 0.031 2.32 0.004 1.28 0.002 0.526 
Treatment × Trap 2 0.002 0.823 0.012 0.910 0.000 0.103 0.000 0.034 
Season × Trap 2 0.000 0.116 0.035 2.59 0.003 0.911 0.002 0.540 
Treatment × Season  × Trap 2 0.001 0.298 0.010 0.781 0.002 0.858 0.000 0.005 
Residual 24 0.002  0.013  0.003  0.004  

Table 10 Results of three-way ANOVA on mean adult aquatic insect biomass data (mg dry weight trap-1 day-1) recorded from intercept traps with the factors 
of season (two levels: summer and autumn), treatment (two levels: nutrient-addition and control) and trap type (three levels: horizontal, vertical upstream-
facing, vertical downstream facing). * P < 0.05, ** P < 0.01, *** P < 0.001. 

  Coleoptera Diptera Ephemeroptera Trichoptera 
 d.f. MS F MS F MS F MS F 

Treatment 1 0.005 0.272 0.623 13.7*** 0.470 0.352 0.005 0.008 
Season 1 0.097 5.86* 0.764 16.8*** 0.734 0.551 3.46 5.53 
Trap 2 0.016 0.944 0.036 0.800 5.96 4.47* 6.80 10.9*** 
Treatment × Season 1 0.021 1.29 0.420 9.25** 1.99 1.49 0.736 1.18 
Treatment × Trap 2 0.029 1.76 0.046 1.02 0.479 0.360 0.079 0.127 
Season × Trap 2 0.000 0.017 0.106 2.34 1.03 0.771 1.30 2.07 
Treatment × Season  × 
Trap 2 0.004 0.240 0.027 0.587 2.20 1.65 1.34 2.15 

Residual 24 0.017  0.045  1.33 0.625   
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Stream to forest intercept trap transect 

Total taxon abundance and biomass 

The abundance of terrestrial and total insects was significantly higher in control 

streams (Tables 11, 13), but biomass was significantly lower in the autumn sampling 

period (Tables 12, 14; Figure 14). Aquatic insect abundance and biomass decreased 

significantly over the three distances from the stream (Tables 11, 12, 13, 14; Figure 

15). In control streams aquatic insect biomass decreased significantly from summer to 

autumn, while significantly greater biomass was recorded in the nutrient-addition 

streams during the same period (Tables 12, 14; Figure 15). The greatest differences 

were recorded at 2.5 metres from the stream (Tables 12, 14; Figure 15). 

Aquatic taxon abundance and biomass 

 Aquatic Coleoptera, Diptera, and Trichoptera showed the highest degree of lateral 

dispersal into the forest. A large proportion of their total abundance and biomass 

occurred within 5 metres of the stream, with the highest values closest to the stream 

at 2.5 metres. One Plecopteran was found in a trap at 2.5 metres from the stream edge 

in a nutrient addition site from the autumn sample. 

Aquatic coleopteran were present in very low abundances but were significantly 

higher at the distance of 2.5 metres in the control sites (Table 15). The abundance of 

aquatic Diptera significantly decreased from the distance of 2.5 to 5 metres from the 

stream edge (Table 15). Similarly, aquatic Diptera biomass decreased significantly 

over distance from the stream (Table 16). Trichopterans were significantly less 

abundant in autumn, particularly in control streams (Table 15). This decline in 

seasonal abundance primarily occurred at the distance of 2.5 metres in the control 

streams (Table 15). Similarly, trichopteran biomass significantly decreased with 

increasing distance from the stream and showed a significant decrease from summer 

to autumn in the control streams (Table 16; Figure 16). Whereas Trichoptera biomass 

significantly increased over sampling periods at the distance of 2.5 m in the nutrient 

addition stream, it declined at 2.5 and 5 metres into the forest in the control streams 

(Table 16, Figures 16). 
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Figure 14 Mean total terrestrial volant insect biomass (mg dry weight trap-1 day-1) collected from 
nutrient-addition and control treatment stream to forest flight intercept traps over two seasons: (a) 

summer and (b) autumn of 2003/04 (n = 3, ± SE) 
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Figure 15 Mean total aquatic adult insect biomass (mg dry weight trap-1 day-1) collected from nutrient-
addition and control treatment stream to forest flight intercept traps over two seasons: (a) summer 

and (b) autumn of 2003/04 (n = 3, ± SE) 
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Table 11 Mean abundance of insects (no. insects trap-1 day-1) collected from nutrient-addition and 
control treatment stream to forest flight intercept traps over two seasons: summer and autumn of 
2003/04 (n = 3, ± SE) 

 Distance from waters edge (m) 

 2.5 5 10 

 Nutrient Control Nutrient Control Nutrient Control 

Summer       

All insects 5.0 ± 2.4 10 ± 6.3 3.9 ± 2.8 7.5 ± 3.7 6.4 ± 4.1 5.0 ± 1.7 

Terrestrial 4.1 ± 1.8 6.1 ± 3.3 3.6 ± 2.7 6.8 ± 3.4 6.3 ± 4.0 5.0 ± 1.7 

Aquatic 0.9 ± 0.5 3.8 ± 3.1 0.2 ± 0.1 0.6 ± 0.3 0.1 ± 0.1 0.0 ± 0.0 

Autumn       

All insects 5.2 ± 11.1 7.9 ± 11.1 5.3 ± 2.2 9.6 ± 6 4.1 ± 1.6 5.1 ± 1.8 

Terrestrial 4.1 ± 8.8 7.2 ± 10.1 4.6 ± 1.9 8.9 ± 5.9 4 ± 1.6 4.9 ± 1.8 

Aquatic 1.1 ± 2.3 0.7 ± 1.0 0.7 ± 0.3 0.7 ± 0.1 0.1 ± 0.0 0.3 ± 0.0 

 

Table 12 Mean biomass of insects (mg dry weight trap-1 day-1) collected from nutrient-addition and 
control treatment stream to forest flight intercept traps over two seasons: summer and autumn of 
2003/04 (n = 3, ± SE) 

 Distance from waters edge (m) 

 2.5 5 10 

 Nutrient Control Nutrient Control Nutrient Control 

Summer       

All insects 118 ± 37 75 ± 47 41 ± 34 75 ± 53 54 ± 41 48 ± 31 

Terrestrial 111 ± 33 52 ± 38 38 ± 32 69 ± 50 53 ± 41 48 ± 31 

Aquatic 7 ± 4 23 ± 9 3 ± 2 5 ± 2 0 ± 0 0 ± 0 

Autumn       

All insects 47 ± 23 33 ± 13 33 ± 18 37 ± 23 26 ± 25 47 ± 31 

Terrestrial 24 ± 14 28 ± 11 30 ± 15 35 ± 22 26 ± 25 47 ± 31 

Aquatic 23 ± 9 4 ± 2 3 ± 2 2 ± 1 0 ± 0 0 ± 0 
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Table 13 Results of three-way ANOVA on mean insect abundance data (no. insects trap-1 day-1) 
recorded from forest intercept traps with the factors of season (two levels: summer and autumn), 
treatment (two levels: nutrient-addition and control) and trap distance (three levels: horizontal, 
vertical upstream-facing, vertical downstream facing). * P < 0.05, ** P < 0.01, *** P < 0.001.  

  Total insect Terrestrial Aquatic 
 d.f. MS F MS F MS F 

Treatment 1 1.09 6.88* 0.954 6.54* 0.174 1.51 

Season 1 0.003 0.018 0.013 0.086 0.000 0.003 

Distance 2 0.218 1.37 0.042 0.288 1.26 10.9*** 

Treatment × Season 1 0.002 0.014 0.014 0.095 0.145 1.25 

Treatment × Trap 2 0.179 1.13 0.177 1.21 0.014 0.118 

Season × Trap 2 0.125 0.790 0.094 0.647 0.179 1.55 

Treatment × Season  × 
Trap 2 0.070 0.441 0.031 0.211 0.196 1.69 

Residual 24 0.159  0.146  0.116  

 

Table 14 Results of three-way ANOVA on mean insect biomass data (mg dry weight trap-1 day-1) 
recorded from forest intercept traps with the factors of season (two levels: summer and autumn), 
treatment (two levels: nutrient-addition and control) and trap distance (three levels: horizontal, 
vertical upstream-facing, vertical downstream facing). * P < 0.05, ** P < 0.01, *** P < 0.001. 

  Total insect Terrestrial Aquatic 
 d.f. MS F MS F MS F 

Treatment 1 0.002 0.010 0.035 0.111 0.025 0.079 

Season 1 1.236 5.51* 1.62 5.17* 0.114 0.363 

Distance 2 0.673 3.00 0.042 0.133 15.1 47.9*** 

Treatment × Season 1 0.033 0.147 0.103 0.327 2.27 7.23* 

Treatment × Trap 2 0.427 1.90 0.352 1.12 0.174 0.841 

Season × Trap 2 0.338 1.51 0.610 1.95 0.086 0.272 

Treatment × Season  × 
Trap 2 0.052 0.232 0.445 1.42 1.662 5.28* 

Residual 24 0.224  0.314    
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Figure 16 Mean total adult Trichopteran biomass (mg dry weight trap-1 day-1) collected from nutrient-
addition and control treatment stream to forest flight intercept traps over two seasons: (a) summer 

and (b) autumn of 2003/04 (n = 3, ± SE) 
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Table 15 Results of three-way ANOVA on mean adult aquatic insect abundance data (no. insects trap-1 

day-1) recorded from forest intercept traps with the factors of season (two levels: summer and 
autumn), treatment (two levels: nutrient-addition and control) and trap distance (three levels: 
horizontal, vertical upstream-facing, vertical downstream facing). * P < 0.05, ** P < 0.01, *** P < 0.001. 

  Coleoptera Diptera Trichoptera 
 d.f. MS F MS F MS F 

Treatment 1 0.006 2.35 0.074 0.577 0.001 0.271 
Season 1 0.005 2.15 0.138 1.07 0.040 14.1*** 
Distance 2 0.002 0.814 1.28 9.88*** 0.075 26.5*** 
Treatment × Season 1 0.005 2.15 0.196 1.52 0.026 9.10** 
Treatment × Trap 2 0.009 3.54* 0.031 0.238 0.004 1.54 
Season × Trap 2 0.001 0.569 0.042 0.326 0.010 3.52* 
Treatment × Season  × 
Trap 2 0.001 0.569 0.094 0.726 0.004 1.54 

Residual 24 0.003  0.129  0.003  
 

Table 16 Results of three-way ANOVA on mean adult aquatic insect biomass data (mg dry weight 
trap-1 day-1) recorded from forest intercept traps with the factors of season (two levels: summer and 
autumn), treatment (two levels: nutrient-addition and control) and trap distance (three levels: 
horizontal, vertical upstream-facing, vertical downstream facing). * P < 0.05, ** P < 0.01, *** P < 0.001. 

  Coleoptera Diptera Trichoptera 
 d.f. MS F MS F MS F 

Treatment 1 0.028 3.83 0.063 0.349 0.054 0.104 
Season 1 0.026 3.57 0.422 2.33 1.23 2.27 
Distance 2 0.010 1.32 1.75 9.64*** 14.0 27.1*** 
Treatment × Season 1 0.011 1.47 0.319 1.76 3.02 5.82 
Treatment × Trap 2 0.021 2.87 0.012 0.067 0.158 0.306 
Season × Trap 2 0.002 0.222 0.233 1.29 0.425 0.822 
Treatment × Season  × 
Trap 2 0.009 1.27 0.226 1.25 1.87 3.61 

Residual 24 0.007  0.181  0.518  

 

Terrestrial taxon abundance and biomass 

Total terrestrial insect abundance and biomass decreased over time with similar 

trends as shown by the stream channel trapping but showed no relationship with 

increasing distance from the stream edge. There were some exceptions however, 

Hymenoptera were present at higher abundances at 2.5 m from the stream (F = 3.40, 

P < 0.05) and the decline in lepidopteran biomass was observed to be significant at 

2.5 m from the stream edge (F = 3.69, P < 0.05). 



 75 

Spider responses 

Through the gathering of specimens during sampling and field observations it was 

determined that the majority of horizontal web-building spiders present in the 

Maimai experimental catchment streams were Nanometa spp. (Nanometidae) or 

Orsiella lagenifera (Urquart) (Nanometidae), especially the latter over the stream 

channel. Horizontal web-building tetragnathids were present and Meta spp. 

(Tetragnathidae) and Araneidae represented the majority of vertical web-building 

spiders. Theridiidae spiders were observed during sampling as well, mainly on the 

forest floor and tree trunks. Spiders collected on intercept traps included Nanometa 

species, Orsiella lagenifera, Araneidae, Tetragnathidae and Cheiracanthium spp. 

(Miturgidae). 

Web densities along the stream did not differ between treatments, but did 

significantly decrease over time (F = 14.8, P < 0.01) (Figure 17). Surprisingly, the 

density of horizontal, vertically parallel and perpendicular webs along the stream 

did not significantly differ between seasons or treatments (Figures 18, 19, 20). 

Web densities on stream to forest transects significantly declined from 2 to 4 metres, 

and from 4 to 6 m distance from the steam edge (F = 57.4, P < 0.001) (Figure 21). Web 

densities along the streams were higher than web densities within the forest (F = 

95.8, P < 0.001). Web densities on stream to forest transects were significantly lower 

in autumn (F = 20.2, P < 0.001). Over the distance of 2 metres from the stream edge 

web densities were significantly higher at the summer survey, and significantly 

lower at the autumn survey (F = 3.409, P < 0.001). Web densities at this distance were 

significantly higher in the control streams (F = 2.41, P < 0.05).  

Habitat architecture index scores (Figure 22) and the different vegetation units 

recorded from quadrats showed no significant differences between treatments or in 

proximity to the stream. The number of grasses (sedges, etc) did show higher 

abundance in the stream quadrats but this was not significant. Another trend that 

was not significant was a higher abundance of small trees in the nutrient addition 

catchments.  

Spider abundance from intercept traps over the stream were significantly higher in 

autumn (F = 7.59, P < 0.05) (Figure 23). The number of spiders recorded from 



intercept traps on the stream to forest transects was significantly higher at the closest 

distance of 2.5 m to the stream (F = 5.70, P < 0.01) and there was a significantly 

higher abundance of spiders on traps at this distance in the nutrient addition streams 

(F = 6.22, P < 0.01) (Figure 24). 
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Figure 17 Mean web density (no. webs m-3) from nutrient-addition and control stream transects over 

three seasons: spring, summer and autumn of 2003/04 (n = 3, ± SE) 

Season

Summer Autumn

M
ea

n 
w

eb
 d

en
si

ty
 (n

o.
 w

eb
s 

m
-3

)

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35
Nutrient
Control

 
Figure 18 Mean horizontal web density (no. webs m-3) from nutrient-addition and control stream 

transects over two seasons: summer and autumn of 2003/04 (n = 3, ± SE) 
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Figure 19 Mean vertically parallel (to stream) web density (no. webs m-3) from nutrient-addition and 
control stream transects over two seasons: summer and autumn of 2003/04 (n = 3, ± SE) 
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Figure 20 Mean vertically perpendicular (to stream) web density (no. webs m-3) from nutrient-
addition and control stream transects over two seasons: summer and autumn of 2003/04 (n = 3, ± SE) 
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Figure 21 Mean web density (no. webs m-3) from nutrient-addition and control treatment stream to 
forest transects over three seasons: (a) spring; (b) summer; (c) autumn of 2003/04 (n = 3, ± SE) 
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Figure 22 Habitat architecture index scores from nutrient-addition and control treatment stream and 
forest 25 m2 quadrats (n = 3, ± SE) 
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Figure 23 Mean abundance of spiders (no. Araneae trap-1 day-1) from nutrient-addition and control 
stream flight intercept traps over two seasons: summer and autumn of 2003/04 (n = 3, ± SE) 
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Figure 24 Mean abundance of spiders (no. Araneae trap-1 day-1) from nutrient-addition and control 
treatment stream to forest flight intercept traps over two seasons: summer and autumn of 2003/04 (n 

= 3, ± SE) 
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DISCUSSION 

Effect of nutrient addition 

The purpose of this experiment was to manipulate basal resources within the stream 

by adding nutrients and thereby activating an in-stream trophic response. It was 

expected that the nutrient input would increase the productivity of primary 

producers (diatoms and algae) and heterotrophs (bacteria and fungi), thereby 

enhancing the food supply of secondary consumers (i.e. benthic invertebrates) 

present in the stream. This enhanced food supply would result in greater densities 

and biomass of benthic invertebrates, which would elicit greater adult aquatic insect 

emergence to the terrestrial habitat, augmenting the prey supply of riparian 

predators such as web-building spiders. I predicted that terrestrial predators should 

exhibit a numerical or behavioural response to the increased subsidy from the 

stream. During the seven months this did not occur, although some evidence pointed 

to these predators tracking the increases in prey numerically and the potential 

remained for undetected behavioural responses.  

After seven months of nutrient enrichment, the nitrate and chlorophyll data 

indicated that the nutrient-addition could be enhancing basal resources within the 

stream. There were no significant differences in chlorophyll concentrations between 

treatments although there was a trend toward higher concentrations in the nutrient-

additions streams. Any increases in chlorophyll could have been offset by the effects 

of grazing by invertebrates. Additionally, chlorophyll concentrations might not have 

been the best indicator of an enhanced food source in these forested streams, 

especially if any augmentation was the result of increased microbial activity. 

Increases in litter breakdown rates could have facilitated increases in aquatic 

invertebrates and preliminary data from leaf packs suggests that such rates were 

greater in the nutrient-addition streams (author’s unpublished data). The higher 

densities of some aquatic insect groups were probably an indication that the food 

source was enhanced, and most of these increases in density were probably 

attributable to immigration via drift as opposed to hatching from recently oviposited 

eggs.  Within the benthic fauna, the orders of Ephemeroptera, Coleoptera and 

Plecoptera showed significant increases in density, but were not collected in higher 
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abundances as adults in the intercept traps. Some increases in adult aquatic insect 

abundances were observed, particularly in the case of aquatic Diptera 

(Chironomidae, Simullidae).  

The variable responses of emergent benthic fauna to the enrichment were probably 

related to the duration of their life cycle. Taxa with short life cycles such as 

Chironomids could be expected to show a rapid response to increased food 

resources, whereas the majority of those with univoltine life histories could have 

taken a year or more to respond. However, as many stream-dwelling insects in New 

Zealand have poorly synchronized life histories (Winterbourn 1987), a lack of 

homogeneity in cohorts of stream insects could mean that a response to the nutrient-

addition might be seen relatively early on with those individuals nearing the 

completion of their life cycle. Additionally, the life-cycles of those species could be 

accelerated by the presence of an enhanced food source. No analysis has been 

undertaken to compare whether individual insects from the nutrient-addition 

streams were larger in size than those from control streams. 

Because of life history traits the nutrient-addition experiment was probably not run 

for long enough, thus the flux of adult aquatic insects from these streams was 

probably not great enough in abundance and biomass to elicit a significant and 

consistent response by terrestrial predators such as web-building spiders. The 

potential remains for other effects (e.g. life-cycle and other predators) on influencing 

the abundance of web-building spiders. Additionally, subtle changes in behaviour 

and physiology could have been overlooked. Changes in spider web size and design, 

body mass, time taken to starve and foraging times could have all been valid 

responses to the nutrient-addition that were not recorded. 

 This enrichment study has important theoretical connotations that require further 

analysis beyond the scope of this thesis, and which will not be discussed here. 

Notably however, the potential exists for the exploration of the effects of increased 

productivity on food chain length and functional importance (trophic dynamics) 

within the stream (Persson et al. 1996). 

By not including other dipteran families that include genera with aquatic life stages 

the effect of the addition has probably been underestimated. The autumn intercept 
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traps showed that several tipulid species were emerging during this period in both 

treatments, and several genera of this dipteran family were also present in benthic 

samples (Hexatomini, Eriopterini). One of the species of tipulidae present on traps 

was large, another was relatively abundant and if both these species were aquatic in 

origin this could have had a significant bearing on the results of the experiment. 

Other dipteran families present in both benthic samples and intercept traps but 

classified as terrestrial in origin included the Empididae and Muscidae. Species from 

dipteran families present in intercept traps that could have aquatic life stages but that 

were not detected by the benthic sampling included the Pyschodidae and 

Tanyderidae 

Spider abundance upon flight interception traps 

A significant increase in spiders was detected on intercept traps at 2.5 m from the 

nutrient-addition streams into the forest. Two non-exclusive explanations could be 

made for this response. This data was a measure of spider activity and not of density, 

thus spider abundance here could be a function of the insect biomass caught on the 

trap the spiders were recorded from (the spiders were attracted to the traps because 

of the insect prey present upon it). This is important as aquatic biomass was lower in 

autumn in the control sites at this trap distance, but spiders were more common 

across sites during this period. The higher spider abundance could have been a 

response to the nutrient-addition, but equally could have just been an artefact of 

what was caught in the traps. 

Alternatively, the increased abundance of spiders upon these traps could indicate 

that during this period where insect densities and biomass were elevated alongside 

the nutrient addition streams, spiders were tracking the increases numerically, 

resulting in higher abundances upon intercept traps. Such predators can track high 

levels of adult aquatic insect flux numerically, particularly lycosid and tetragnathid 

spiders (Parker & Power 1993, Power et al. 2004).  

Potentially interacting factors affecting spider web densities 

Although I did not detect any obvious effect of the nutrient-addition upon stream 

web densities, the temporal trend in both nutrient addition and control streams 
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suggests that other factors were affecting web-building spider abundance. The 

disturbance of webs during each sampling was kept to a minimum, but was at times 

unavoidable although always localised.  

Increases in air temperature and decreases in humidity could have forced less diel 

foraging by web-building spiders prone to desiccation. Increases in prey abundance 

might have meant that spiders had to forage less during the day to meet their energy 

requirements, and this scenario could have confounded the effect of the nutrient 

addition on web-building spider densities. While terrestrial insect biomass did 

decrease from summer to autumn on the stream to forest transect traps, this was 

mainly due to the decrease in heavy-bodied Coleoptera and Lepidoptera. Terrestrial 

insect abundance in the forest and the terrestrial insect biomass and abundance over 

the stream channel did not change. Total insect abundance was higher over the 

stream channel in autumn and biomass showed no change between seasons. 

Power & Dietrich (2002) described a case where a dominant web-building riparian 

spider (Tetragnatha versicolor [Tetragnathidae]) was present in much higher densities 

on the productive mainstem of a river than its tributaries. However, the spiders in 

upstream, heavily shaded tributaries had longer diel foraging periods and in one 

such tributary foraged 24 hrs a day in comparison to the mainstem, where spiders 

only foraged after dark. Two non-exclusive hypotheses were presented which 

reiterate what was described in the paragraph above. Tetragnathids are prone to 

desiccation and may have been unable to forage during the day along the mainstem 

because of wind or heat. Alternatively, they may have been obliged to forage longer 

to satisfy their energy requirements in the less productive upstream tributaries. 

Additionally, Williams et al. (1995) suggested that predation by ants could force 

tetragnathid spiders to site their webs over aquatic habitats.   

Introduced common wasps (Vespula vulgaris [Hymenoptera]) were present in the 

forest at Maimai (F.J Burdon, personal observations). Araneae have been shown to be 

an important prey order in the diet of these predatory social insects (Harris 1991). 

Toft & Rees (1998) showed that the probability of a web-building spider’s survival 

and wasp abundance were negatively related. Their measurements of wasp 

populations from beech forest in the Nelson Lakes National Park, South Island, New 
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Zealand showed that the abundance of wasps peaked in early March, which could be 

analogous to Maimai and this suggests that wasp predation could have been the 

dominant factor affecting spider abundance. Toft & Rees (1998) also showed that 

smaller spiders were more likely to survive longer than larger spiders. Smaller 

spiders might have to forage for shorter periods to satisfy their energy requirements, 

meaning that combined with increased prey abundance and adverse diel 

microclimate conditions one might expect to see lower spider abundances during the 

day. Such an effect could explain the conflicting results of spider web densities and 

spider abundance on forest intercept traps. 

Without data for volant insect abundance and biomass during spring, it is hard to 

surmise the real cause for higher spider densities during that period. Higher 

abundances of emerging adult aquatic insects could have elevated densities of web-

building spiders. Kato et al. (2003) showed that the experimental reduction of aquatic 

insect flux during spring in a forested headwater stream depressed the density of 

horizontal web-building spiders (Tetragnathidae), but when aquatic insect 

emergence decreased under natural conditions there ceased to be a difference in 

tetragnathid densities between the treatment and control sites. Other web-building 

spiders (Araneidae and Linyphiidae) were unaffected throughout the study period.   

Williams et al. (1995) reported that the time of maximum emergence from a creek in 

Ontario, Canada, coincided with maximum prey capture by one species of 

Tetragnathidae, which can adjust rapidly to changing prey availability (Henschel et 

al. 2001). Collier et al. (2002) reported that 67% of the adult Plecoptera and 

Trichoptera caught in malaise traps over a year from the Waiere stream were 

collected between December and February. Adult trichopteran abundance across a 

number of land use types was shown to increase from November to January and 

then to decline in February (Collier et al. 1997). Thus, the peak aquatic insect 

emergence at Maimai could have occurred earlier in the season than the periods 

when trapping was undertaken, and could have explained the elevated spider 

densities observed early on in this experiment. 
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Spider webs and insect prey 

 The web survey transects into the forest at Maimai showed a similar trend over three 

different seasons as observed from the 16 sites surveyed in Chapter 2, and the lateral 

dispersal of aquatic insects into the forest mirrored the same exponential decline. 

Others have identified this same trend for aquatic insects (Power & Rainey 1998, 

Lynch et al. 2002) and more specifically for Trichoptera (Sode & Wiberg-Larsen 1993, 

Collier & Smith 1998), although it should be noted that not all Trichoptera adhere to 

this trend (Svensson 1974, Jackson & Resh 1989, Kovats et al. 1996). Additionally, 

some chironomids (Diptera) exhibit ‘hill topping’ lekking behaviour (Power & 

Rainey 2000). The majority of the trends suggest that lateral dispersal patterns in 

aquatic insects could be influencing forest spider densities with increasing distance 

from the waters edge. Microclimate gradients and forest-stream edge effects could 

however be confounding factors controlling stream to forest web-building spider 

densities.  

The main horizontal web-building spiders present at Maimai were Nanometa spp. 

(Nanometidae), which favours habitats which are constantly humid and Orsiella 

lagnifera (Nanometidae) which appears to be restricted to shady streams (Forster & 

Forster 1999). The majority of horizontal webs across Maimai streams were  built by 

orientated with a slight incline opening the web up to the downstream side (F.J. 

Burdon, personal observations), suggesting that these webs were targeting adult 

aquatic insects that were either emerging or flying low upstream. Horizontal webs 

were numerically dominant in all stream web surveys conducted. The stream 

intercept trapping showed that the movement of Ephemeroptera along the stream 

was strongly bias to vertical (emerging) and upstream flight movement, and 

Trichoptera showed a bias to the latter as well. Web-building spiders are generally 

described as sit-and-wait predators, but they do select preferred prey by adopting an 

appropriate web design and location (Olive 1980, Uetz 1991). Studies have shown 

that horizontal web building spiders inhabiting riparian zones preferentially use 

emerging aquatic insects (Williams et al. 1995, Henschel et al. 2001, Kato et al. 2003). 

Maiden (1998) showed that an Australian horizontal web-building spider  

(Teragnatha valida, [Tetragnathidae]) consistently captured Ephemeroptera and 
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Tipulidae (Diptera) out of  a range of different insect preys used in an experimental 

feeding study. These studies indicate that aquatic insects might have traits that 

render them more susceptible to being targeted by horizontal web-building spiders, 

or are a more desirable prey source.  

The above studies indicate that the emergence of aquatic prey is the main factor in 

the abundance and distribution of horizontal web-building spiders, shifting the 

emphasis from susceptibility to desiccation (asserted by Power et al. 2004) to the 

effect of aquatic productivity. Indeed, this study indicates that during summer the 

majority of volant insect prey present could be better targeted by webs that were 

oriented vertically in any direction. Most orb webs are vertical (Main 1976), which 

optimises prey interception as flying insects generally tend to fly horizontally. 

However, when terrestrial insect abundance and biomass decreases seasonally, the 

advantage could be with a slightly inclined, horizontal web across the stream, given 

the bias of Ephemeroptera and Trichoptera to emerge from the stream and disperse 

upstream.  

 This could be described as the ‘highway robber’ hypothesis: the consistency and 

predictability of aquatic insect dispersal throughout the year relative to that of 

terrestrial insects favours both spiders near streams and those specifically targeting 

emergent and upstream dispersing adults flying along the stream corridor. This 

might be particularly prevalent in New Zealand, where poorly synchronized life 

histories are common among the Leptophlebiidae (Ephemeroptera) (Collier & 

Winterbourn 1990) and some other groups of New Zealand stream-dwelling insects 

(e.g. Winterbourn 1978, Towns 1981). The intercept trapping at Maimai indicated that 

some degree of asynchrony could be occurring in the juxtaposed terrestrial and 

aquatic habitats. As terrestrial insect biomass decreased seasonally, the relative 

contribution of aquatic insects to the total volant insect biomass became more 

important. This scenario has implications for other terrestrial predators that use 

aquatic resources at different times of the year. Additionally, adult aquatic female 

insects laden with eggs could represent a highly nutritious food source for terrestrial 

predators. 
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The ‘highway robber’ hypothesis allows for synchronized emergence as well, 

because a high concentration of emerging adult aquatic insects are confined to a 

spatially discrete area (the river and riparian zones) even if such phenomena 

fluctuate through time. This hypothesis has similarities to the “death halos” 

hypothesis (Maron & Harrison 1997) as described by Power & Rainey (2000).  



CHAPTER 4 

Aquatic-terrestrial linkages and ecosystem 
implications 

INTRODUCTION 

The flow of energy, materials, organisms or pollutants from one habitat to another 

(spatial subsidies) can strongly influence the structure and dynamics of recipient 

food webs in a wide range of ecosystems (Polis et al. 1997a, Polis et al. 2004). Riparian 

and stream ecosystems provide numerous examples of cross-habitat exchanges (e.g. 

Wallace et al. 1999, Nakano & Murakami 2001, Henschel et al. 2001). Such studies 

challenge ecologists to redefine interaction webs to include strong links both within 

and across traditional habitat and ecosystem boundaries (Sabo & Power 2002). 

The results of the survey in Chapter 2 showed a positive relationship between the 

standing biomass of riparian arachnids and stream insects, indicating that gradients 

in aquatic productivity might affect the prey input to the adjacent terrestrial habitat. 

High levels of standing biomass in stream insects could indicate greater 

allochthonous prey inputs to riparian habitats, directly influencing the biomass and 

abundance of riparian arachnids and determining the extent to which the aquatic 

ecosystem interacts with that of the terrestrial. The survey also showed that densities 

of web-building spiders are highest at the stream margin, and decline exponentially 

with increasing distance from the stream. Such findings compliment the burgeoning 

volume of literature (for an overview of such studies see Polis et al. 2004) describing 

the intimate links between different ecosystems and in particular, those between 

riparian and stream habitats (Power et al. 2004).  

Furthermore, the experiment in Chapter 3 indicated the potential for manipulating 

basal resources and increasing stream productivity across trophic levels via the 

addition of nutrients. The nutrient-addition led to an increase in the densities of 

adult aquatic dipterans (Chironomidae, Simuliidae) and this might have caused 

increases in predator activity and abundance adjacent to the stream. Although the 

results from this experiment were equivocal, the trapping data shows that aquatic 
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insects could be important components of available prey to terrestrial predators, 

especially at times when terrestrial prey densities are low. 

THE HIGHWAY ROBBER HYPOTHESIS 

The results of the gravel bar survey in Chapter 2 and the trapping data from Maimai 

in Chapter 3 indicate that the aquatic Diptera, Ephemeroptera, and Trichoptera could 

be important conduits of aquatic-derived energy to terrestrial food webs. The latter 

two appear to have emergence patterns that could enable web-building spiders and 

other terrestrial predators to specifically target them as food resources. Some degree 

of asynchrony in the relative prey abundance of volant terrestrial and aquatic insects 

could mean that prey abundance around and over aquatic habitats is more consistent 

over a temporal scale. Additionally, the stream channel could be used as a corridor in 

which volant terrestrial and aquatic insects use to move through the forest. Slightly 

higher densities of terrestrial insects have been observed over streams (Lynch et al. 

2002). Many flying insects are known to fly towards light in open spaces (Goldsmith 

1990) and web sites where vegetation is congested are expected to encounter less of 

these insects (Ehmann 1994). The survey in Chapter 2 showed that densities of web-

building spiders were highest at the stream margin, and declined exponentially with 

increasing distance from the stream. 

As a consequence I have proposed the “highway robber” hypothesis: that the 

consistency and predictability of aquatic insect emergence throughout the year 

relative to that of terrestrial insects favours riparian spiders near streams and those 

specifically targeting emergent and upstream dispersing adults. It was predicted that 

this type of effect would be particularly prevalent in New Zealand due to poorly 

synchronized life histories in many of our aquatic insects (Winterbourn 1987).  

However, evidence from the literature supporting this hypothesis remains debatable. 

Collier et al. (2002) collected web-building and free-living spiders from riparian 

habitats in the Waiere Stream and Waitekauri River, as well as the typical terrestrial 

and aquatic samples required to perform a stable isotope analysis of the aquatic-

terrestrial food web. A weak temporal pattern in δ13C was distinguishable for free-

living spiders at the Waiere Stream, suggesting that consumption of prey might be 

greater during the summer months. This period overlapped with the months 
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between December and February where 67% of adult stoneflies and caddisflies were 

caught. There was no corresponding temporal change in δ13C for web-building 

spiders which appeared to derive less of their nutrition from aquatic sources during 

late summer. Collier et al. (2002) suggested two non-exclusive explanations for this 

result. Web-building spiders could be able to capture volant stream insects 

throughout most of the year (supporting the “highway robber” hypothesis). 

Secondly, Collier et al. (2002) suggested they might not feed extensively in winter 

when emergence rates decline, because lower air temperatures may lead to lower 

energy requirements by spiders (Williams 1979).  

Williams et al. (1995) showed that two species of tetragnathid spiders (Tetragnatha 

versicolor & T. elongata) represented 91% of all spider species observed along the 

banks of Duffin Creek, Ontario, Canada. The highest densities of T. elongata occurred 

in July, when the numbers of T. versicolor were at their lowest. The maximum prey 

capture rates by T. elongata coincided in June with the maximum rate of total 

emergence from the stream. The insect taxa observed in the webs reflected those 

which were emerging in greatest numbers, typically mayflies and chironomids but 

other commonly emerging taxa (e.g. caddisflies and stoneflies) were conspicuously 

absent. However, Williams et al. (1995) reported that larger webs built by the Duffin 

Creek tetragnathids did not catch greater numbers of prey. This result suggests that 

either larger webs (which was a function of spider size) targeted less but larger prey, 

or that their estimates of prey caught by riparian webs were not accurate. 

At one of the Maimai streams, a nanometid spider in a web over the stream channel 

was observed catching an adult Coloburiscus humeralis (Ephemeroptera) (F.J. Burdon, 

personal observation). The spider quickly wrapped the mayfly in a bundle before 

dragging it to a safe location under a leaf where its web was attached. This might 

have been a predator avoidance mechanism, because the feeding spider might be 

more vulnerable. Furthermore, numerous webs over the Maimai streams appeared to 

have draglines with bundles of used prey trailing webs in the stream current, and it 

appears that the spiders may have jettisoned (conspicuous) prey from their webs that 

had been caught and eaten, presumably to reduce web visibility. Mayflies and 

caddisflies have been observed in draglines (F.J. Burdon, personal observation). This 
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behaviour could mean that Williams et al. (1995) might have underestimated prey 

capture rates by riparian spiders.     

However, stream insects such as caddisflies might be able to avoid predation by 

web-building spiders. The ability to escape webs is enhanced in short-winged, fast 

flying and large-bodied insects (Nentwig 1982, Chacon & Eberhard 1990) and some 

caddisflies may possess characteristics which render them less susceptible to 

predation by web-building spiders.  

Perpendicular flight to the river channel (inland dispersal) has been observed for 

several caddisfly species (Svensson 1974, Bird & Hynes 1981, Jackson & Resh 1989, 

Sode & Wiberg-Larsen 1993, Kovats et al. 1996, Collier & Smith 1998). Inland 

dispersal may be important for colonization of new habitats (Johnson 1969), in the 

entry of aquatic insects into terrestrial food webs (Jackson & Resh 1989) and / or may 

be associated with species-specific developmental or reproductive behaviour 

(Svensson 1974). In that study, females of Potamophylax cingulatus at different stages 

of reproductive development (immature, gravid, and spent) were caught in light 

traps at increasing distances from a Swedish stream. Immature and mature females 

that had oviposited were captured at the stream, while mature females with fully 

developed eggs were trapped at distances of 50-1000 metres inland. This behaviour 

could be to avoid predators that are aggregated around the river (Power & Rainey 

2000) as the female caddisfly fully matures. 

These findings do not detract from the “highway robber hypothesis” because 

mayflies and nematoceran dipterans are widely recognised as prey for riparian 

spiders (Williams et al. 1995, Maiden 1998) and the poorly synchronized life histories 

common among the Leptophlebiidae (Ephemeroptera) in New Zealand (Collier & 

Winterbourn 1990) indicates that these insects could be more important in the 

transfer of aquatic-derived energy to terrestrial food webs.  

FOOD WEBS 

Productivity gradients 

Theoretical studies of spatial subsidies have proposed that energy generally flows 

from more to less productive habitats and provides significant subsidies to recipient 
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systems only (Polis et al. 1997a, Huxel & McCann 1998). Consequently, most 

empirical studies have focused on these ‘donor habitat’ subsidies (Polis & Hurd 1995, 

Polis et al. 1997a). However, the relative productivity among habitats can fluctuate 

seasonally and on other time scales, and subsidies can flow in both directions 

(Nakano & Murakami 2001).  

Polis & Hurd (1995) showed that the density of spiders on desert islands is directly 

related to the amount of subsidy the island receives, relative to its size, from the 

adjacent ocean habitat. Different sizes of islands meant that there was a productivity 

gradient present where smaller islands received a greater amount of oceanic energy 

in relation to their surface area than larger islands or the mainland. These oceanic 

subsidies of detritus and guano increased the productivity of small islands leading to 

higher densities of volant insects and web-building spiders than were observed on 

larger islands and the mainland, where the effect of the subsidies was small in 

relation to the surface area of those habitats.  

The results of the survey in Chapter 2 showed a positive relationship between the 

standing biomass of riparian arachnids and stream insects, indicating that gradients 

in aquatic productivity might determine the level of prey inputs to the adjacent 

terrestrial habitat and therefore influence the biomass and density of riparian 

predators. This shows that in addition to productivity fluctuating temporally 

(Nakano & Murakami 2001), its variability spatially could affect the extent of the 

interaction between two adjacent habitats. The results from Chapter 2 go further to 

suggest that in addition to recipient habitat size influencing the extent of the 

interaction between two adjacent habitats as shown in Polis & Hurd (1995), the level 

of productivity (standing biomass of stream insects as a surrogate measure of prey 

export) and the size of the donor habitat (stream size) could influence the effects of 

such subsidies. Additionally, such interactions could influence terrestrial predator 

behaviour. Davis (1982) found that the territory size of the belted kingfisher 

(Megaceryle alcyon) was inversely proportional to the number and productivity of 

riffles along a single channel stream. 

However, it is important to regard productivity here as the ability of the donor 

habitat to export subsidies to recipient habitats. Although productive in the regular 

sense, highly eutrophic waterways that support a low taxonomic richness of 
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mayflies, stoneflies and caddisflies could have an impaired ability to export 

vulnerable prey to terrestrial food webs. A predominance of molluscs and 

oligochaetes could sequester energy within the aquatic system, and lead to a trophic 

cul de sac (Power & Dietrich 2002) where energy flow to riparian habitats is 

weakened. On the other hand, most highly eutrophic waterways support large 

densities of chironomids which could provide significant amounts of energy to 

terrestrial food webs, although such prey could necessitate different predator types.   

Asynchronous prey abundance 

The volant insect data from Maimai showed that as terrestrial insect biomass 

decreased from summer to autumn, the relative contribution of aquatic insect 

biomass increased. It was predicted that in New Zealand the temporal abundance of 

adult aquatic insects could be less variable than that of terrestrial insects due to the 

poorly synchronized life histories in many of our aquatic insects (Winterbourn 1987). 

Therefore, aquatic insects could be important components of available prey to 

terrestrial predators, especially at times when terrestrial prey densities are low. This 

conforms with the findings of Nakano & Murakami (2001) who documented 

asynchronous peaks in productivity relating to seasonal variation in riparian and 

stream habitats. Theoretical studies have proposed that aquatic subsides can help 

stabilize food web dynamics when the terrestrial production is low (Takimoto et al. 

2002). 

Feedback mechanisms 

As interaction webs are redefined to include strong links both within and across 

traditional habitat and ecosystem boundaries (Sabo & Power 2002), we can start to 

consider the wider implications of such interactions. The potential exists for feedback 

mechanisms across habitats and ecosystems where the interactions and impacts of 

other species may determine the energy sources to which a particular consumer has 

access (Power & Dietrich 2002). Helfield & Naiman (2001) found that trees and 

shrubs near salmon spawning streams derive approximately 22-24% of their foliar 

nitrogen from this marine-derived subsidy. Consequently the growth rates in Sitka 

spruce (Picea sitchensis) are significantly increased near spawning grounds. As 

riparian forests enhance instream habitat for salmonid fishes, this process may serve 
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as a positive feedback mechanism maintaining long-term salmon production as well 

as riparian habitat in coastal watersheds.  

Goulding (1980) proposed that an intimate relationship exists between fruit and 

seed-eating riverine fish and the trees of the seasonally flooded varzea forests of the 

Brazilian Amazon. The fish swim into the flooded forest and feed on the fruit and 

seeds as they fall into the water, providing a seasonal food source for consumers that 

otherwise frequently inhabit the nutrient-poor blackwater and clearwater tributaries 

of the Amazon. Brycon guatemalensis Regan is an abundant Neotropical riverine fish 

found in Costa Rica with an adult diet which consists largely of leaves and fruit of 

the fig tree Ficus glabatra H.B.K, a major canopy forming riparian tree (Horn 1997). 

This study suggests that Brycon can disperse large numbers of Ficus seeds and help 

maintain the upstream populations of the trees, serving as a positive feedback 

mechanism maintaining the abundance of fruiting trees in riparian forest as well as 

fish populations. 

Henschel et al. (2001) showed that a subsidy of aquatic insects led to increased 

densities of riparian spiders and lower densities of plant-sucking insects than in 

similar microhabitats further away from the river. The increased number of spiders 

decreased herbivory on the riparian vegetation. As riparian vegetation provides 

energy to stream food webs (Fisher & Likens 1973), this process may provide a 

positive feedback mechanism sustaining aquatic insect production as well as riparian 

vegetation. 

Collier et al. (2002) suggested that the aquatic insect-spider nutritional pathway 

could represent an important feedback mechanism contributing to the energetics of 

riparian communities at sites where aquatic insect production is high. This implies 

that a potential positive feedback mechanism could be with the interaction of fish, 

spiders and stream insects. Figure 1 depicts a simplified aquatic-terrestrial food web, 

although it should be noted that this is not an exhaustive description of all potential 

linkages and possible complex food web features such as ontogenic prey shifts, 

intraguild predation and detrital shunts (Polis & Strong 1996) are not accounted for.  

The emergence of stream insects leads to increased densities of riparian predators 

(Henschel et al. 2001) which could become allochthonous prey for fish. These prey 
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inputs could lead to less predation by fish on stream insects (Nakano et al. 1999a), 

meaning a greater flux of aquatic insects to the riparian habitat. Moreover, spiders 

could form an additional conduit of terrestrial energy to fish by catching other 

terrestrial invertebrates not available to aquatic predators before becoming prey 

themselves. The presence of productivity gradients suggest that such a feedback 

mechanism could be stronger in streams that support a high standing biomass of 

stream insects. 

Spiders 

Birds and 
lizards 

Terrestrial 
invertebrates 

Fish 
Stream 
insects 

 

Figure 1 A simplified aquatic-terrestrial food web showing key predation links. 

Some evidence exists within the literature for such a positive feedback mechanism. 

Nakano et al. (1999a) showed the importance of seasonal terrestrial prey inputs in 

reducing predation on benthic invertebrates because fish were able to use the 

alternative prey resource from the forest. Furthermore, fish have been shown to 

directly alter aquatic and terrestrial communities by predating on benthic 

invertebrates leading to decreased emerging insect biomass and lower densities of 

riparian spiders (Baxter et al. 2003). Jellyman (1979) reported that from the gut 

contents of six giant kokopu (Galaxias argenteus Gmelin), spiders formed 10% of 

ingested prey by weight, but for koaro (Galaxias brevipennis Günther), arachnids only 

comprised 3.7% (winter) and 3.3% (summer) of prey biomass (Main & Winterbourn 

1987). Likewise, arachnids only consisted 2.5% of prey biomass recovered from 

banded kokopu (Main & Lyon 1988). Kawaguchi & Nakano (2001) showed that 

spiders made up 9.4% and 21% of daily terrestrial invertebrate biomass entering 
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forested reaches of the Horonai Stream in summer and autumn respectively. In 

contrast, spiders only made up 3.5% and 10.1% of daily terrestrial invertebrate 

biomass entering grassland reaches.  

The input of wingless invertebrates is thought to be most strongly influenced by the 

amount of stream edge (Mundie 1969), proportion of overhanging vegetation 

(Mundie 1969, Cadwallader et al. 1980) and changes in discharge and thus wetted 

perimeter (O’Hop & Wallace 1983, Layzer et al. 1989). Kawaguchi & Nakano (2001) 

thought the well-developed overhanging vegetation in the forest reaches enhanced 

the input of invertebrates with little or no flying ability (e.g. spiders), but this could 

also be important as habitat for spiders to build their webs on (Greenstone 1984, 

Williams et al. 1995). This suggests that this feedback mechanism might be more 

prevalent in headwater streams with well-developed overhanging vegetation. 

Flooding could be an important process in incorporating such terrestrial 

invertebrates into aquatic food webs. Edwards & Huryn (1995) found that the 

abundance of wingless terrestrial invertebrates in whole-stream drift was 

significantly related to discharge, suggesting that changes in wetted perimeter 

associated with floods may be an important determinant of the input of this group. 

Scrimgeour & Winterbourn (1989) noted that terrestrial drift may also be particularly 

important prey items for stream fish following floods that significantly deplete 

aquatic invertebrate biomass. Jellyman (1979) explained that the high proportion of 

terrestrial invertebrates (57% of total biomass) in the stomach contents of giant 

kokopu might have been because the fish had been collected six and seven days after 

a major flood. Additionally, the wetted perimeter of their habitat was increased due 

to high lake levels following the flood, which could have increased the area available 

to them to forage in. In the diet of rainbow trout from lakes in the central North 

Island, terrestrial insects were more common as food during the winter, even though 

they would be more abundant and available during the summer (Smith 1959, Rowe 

1984). This could be attributed to increased discharge of lake tributaries during the 

winter.  

Alternatively, reports suggest that another riparian insectivore could be an 

occasionally important component in the diet of fish. McDowall (1990) describes 12 

brown trout, 2-5 kg in weight, taken in 1957 from the Waimarino Stream where it 
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flows into Lake Taupo containing 35 frogs, one trout having taken 12. Another 153 

frogs were recovered from the stomachs of just 31 rainbow trout taken at the same 

location. 

However, such feedback mechanisms could vary temporally and spatially, 

depending upon the size, productivity and “network location” (Power & Dietrich 

2002) of the stream in question and the nature of the riparian vegetation. The 

potential exists for negative feedback mechanisms within the terrestrial environment 

to counter positive feedback mechanisms emanating from the aquatic habitat. The 

subsidy of aquatic insects to predators such as birds and lizards could exert a strong 

negative effect on terrestrial invertebrates leading to less allochthonous prey inputs 

in the diet of fish (Figure 1). Murakami & Nakano (2002) showed that riparian forest 

supported higher densities of insectivorous birds than in upland forest away from 

the stream, and these higher densities lead to lower densities of a terrestrial 

invertebrate. If the allochthonous prey input to fish were diminished, this would 

then lead increased predation upon benthic invertebrates (Nakano et al. 1999a) and a 

decreased flux of aquatic insects (Baxter et al. 2003). Sabo & Power (2002) found that 

the experimental exclusion of adult aquatic insects to gravel bars supporting riparian 

lizards led dietary shifts by the lizards resulting in reducing the terrestrial 

invertebrate community and one case the localised extinction of a lycosid spider. 

However, such effects are probably not strong enough to lead to a complete 

decoupling of aquatic-terrestrial food webs. 

Heterogeneity 

Ecological communities are rarely confined within a single habitat and tend to span 

multiple habitats characterized by the flux of energy, materials, organisms or 

pollutants (spatial subsidies) between recipient food webs (Polis et al. 1997a, Power 

& Rainey 2000, Polis et al. 2004). Theory proposes that spatial heterogeneity of 

habitats and organisms can change diversity, abundance fluctuations and 

organization of communities (Kareiva 1990, Hassell et al. 1994, Tilman et al. 1994). 

For example, populations may have greater persistence in patchy habitats (Ellner et 

al. 2001), and heterogeneity in spatial distributions created by biological interactions 

may augment diversity (Sommer 2000).  

 98



Heterogeneity in habitats, and resource and consumer distributions, may be 

mediated by abiotic factors (Wiens 2000) or generated by organisms (Pickett et al. 

2000). Patchy distributions of stream organisms may be caused by spatial variation in 

flow (Hart & Finelli 1999) and interactions with other organisms (Hildrew & Giller 

1994). The avoidance by grazers of certain areas induced by terrestrial or aquatic 

predators can cause spatial heterogeneity in basal algal resources (Power et al. 1989, 

McIntosh et al. 2004). Additionally, habitat heterogeneity can interact with predation 

to cause spatially different effects (Power 1992). 

In small streams, many factors affect diversity, but a positive correlation often exists 

between substrate heterogeneity and macroinvertebrate species richness (Williams 

1980, Poff & Ward 1990, Beisel et al. 1998). This trend is often attributed to a ‘greater 

number of niches’ in areas of more heterogeneous habits (Beisel et al. 2000). Greater 

spatial heterogeneity may provide not only a greater number of refugia from 

disturbance or predation (Sedell et al. 1990, Murdoch et al. 1996). Furthermore, 

Brown (2003) demonstrated along a natural gradient of spatial heterogeneity formed 

by variation in stream substrate that spatial heterogeneity reduces temporal 

variability in stream insect communities. Stream insect communities are especially 

variable at the microhabitat (Scarsbrook 2002), yet across the gradient of spatial 

heterogeneity, temporal variability in benthic community composition nearly halved 

(Brown 2003).  

Habitats with high levels of spatial heterogeneity could support a diverse assemblage 

of stream insects with a range of different life histories. Such diversity could be 

important in providing an abundant and temporally stable subsidy to terrestrial 

communities. Additionally, a diverse community of stream insects with a range of 

dispersal methods could become prey to different terrestrial predators depending on 

those characteristics.  

ANTHROPOCENTRIC IMPACTS 

Loss of heterogeneity 

Loss of spatial heterogeneity is a risk in freshwater systems because of human 

developments such as dam building, channelization, and road construction (Dobson 

et al. 1997, Brooks et al. 2002) and there is little doubt that aquatic systems are being 
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homogenized by anthropocentric activities (Ryan 1991, Allan & Flecker 1993, Rabeni 

& Sowa 1996, Rahel 2000). Altered flow regimes such as those that occur downstream 

from dams, can affect predator-prey interactions in food webs (Power et al. 1996). 

Dams have obvious hydrologic impacts when they decrease downstream flow 

variation and the frequency of bed scouring flows. Channel incision is another 

widespread, but more gradual, and some cases more subtle downstream impact of 

dams. As a consequence, the reduction or elimination of access for biota to lateral 

floodplain habitats may also diminish the resilience, productivity and biodiversity of 

river ecosystems (Power et al. 1996). Loss and degradation of suitable habitat for 

braided river bird species in the Waitaki Basin is of concern (Maloney et al. 1997) and 

the major causes of decline for these species are probably a combination of the loss 

and degradation of habitat, predation by mammals, spread of introduced vegetation, 

hydro-electric development, constriction of river channels and river edge 

development. The reduction in the frequency of bed scouring flows because of 

hydroelectric dams could assist the encroachment of introduced weeds (Power et al. 

1996) and large flood events could be crucial in maintaining the mosaic of spatial 

heterogeneous habitats in braided river systems. 

Introduced species 

Anthropocentric perturbations affecting stream biota, especially aquatic insects could 

alter the faunal dynamics and composition of terrestrial food webs by decoupling the 

interaction between riparian and stream habitats. One such example is the effect of 

introduced brown and rainbow trout (Salmo trutta & Oncorhynchus mykiss) on some 

stream ecosystems. Trout in New Zealand have been shown to alter the abundance of 

invertebrates within streams (Flecker & Townsend 1994, McIntosh 2002), and they 

can have indirect effects on algal biomass and energy flow (Flecker & Townsend 

1994, McIntosh & Townsend 1996, Huryn 1998). In a study overseas, rainbow trout 

were shown to directly alter aquatic and terrestrial communities by preying upon 

benthic invertebrates leading to increased periphyton, while decreased emerging 

insect biomass led to lower densities of riparian spiders (Baxter et al. 2003).  
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Pollution  

Organisms that represent spatial subsidies can vector pollutants into recipient food 

webs. Krummel et al. (2003) have shown that salmon carry pollutants such as poly-

chlorinated biphenyls (PCBs) into inland freshwater habitats where they accumulate 

in lake sediments after the salmon have spawned and died. Such pollutants could 

accumulate up trophic levels affecting predators such as fish, bears and eagles. 

Kovats & Ciborowski (1989) have shown that adult aquatic insects can be 

contaminated with PCBs from river sediments, and the potential exists for such 

accumulated pollutants entering terrestrial food webs via emerging insects. 

The pollution of streams (e.g. acid mine drainage) can reduce the abundance and 

diversity of benthic invertebrate assemblages (Harding et al. 2000), and the loss of 

certain taxa such Ephemeroptera and Trichoptera could severely impair the 

interaction of aquatic and terrestrial habitats. The distribution of dippers (Cinclus 

cinclus) in Wales is related to the acidification of streams, aluminium concentrations 

were significantly higher, and pH significant lower at sites where dippers were 

absent (Buckton et al. 1998). Sites that lost dippers from 1984 to 1995 had significantly 

higher increases in aluminium concentrations, and plecopteran densities declined at 

most sites losing birds. 

McDowell (1990) describes that in Lake Taupo, the green cockchafer, or manuka 

beetle, (Pyronota festiva) used to be common as a food item for rainbow trout during 

the spring and summer. But the widespread use of pesticides to control the grass 

grub (Costelytra zealandica) during the 1960s, when there was extensive agricultural 

development of the Lake Taupo catchment, decimated the populations and manuka 

beetles largely disappeared from the diet of trout. Since the use of pesticides like 

DDT was discontinued, the manuka beetles have reappeared in their former high 

concentrations, and consequently back in the diet of fish. Strong winds carry the 

beetles from scrub to the lake surface where they are preyed upon intensively. This 

shows that environmental pollution can decouple the interaction of aquatic and 

terrestrial food webs. 
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Habitat degradation 

The impacts of changes in land use such as pastoral development and the removal of 

riparian vegetation on stream ecosystems are well established (Quinn 2000), but little 

consideration has been given to its impact upon aquatic-terrestrial linkages. Pastoral 

development typically alters the key aspects of stream habitat that influence 

invertebrate communities, including the type of food available, the physical shape of 

the stream, flow regime and water quality (Winterbourn 1986). The cumulative 

effects of intensive land use impacts stream insects (Quinn 2000) and fish (McDowell 

1990), and such perturbations could alter the faunal dynamics and composition of 

terrestrial food webs by decoupling the interaction between riparian and stream 

habitats. 

The removal of riparian forest has wide ranging implications for both aquatic and 

terrestrial habitats. Removal of riparian vegetation can alter terrestrial litter and prey 

inputs to streams affecting invertebrates and fish (Quinn 2000, Pusey & Arthington 

2003). Because of feedback mechanisms this could then impact the export of prey to 

terrestrial ecosystems. Removal of riparian vegetation may influence the adult 

phases of many species of stream insects (particularly Trichoptera and Plecoptera) 

that can spend significant periods in riparian area before ovipositing (Quinn 2000). 

This could also impact terrestrial predators such as web-building spiders which 

require habitat to construct their webs upon (Greenstone 1984, Williams et al. 1995). 

CONCLUSION 

Streams and rivers are important conduits for the flow of energy, materials, 

organisms and pollutants both upstream and downstream, as well as laterally 

between the aquatic and terrestrial ecosystems. The results of my work highlights the 

importance of understanding the strength of aquatic-terrestrial linkages and the 

mechanisms behind them, while further demonstrating that anthropocentric impacts 

on catchment conditions may have deeper consequences for aquatic and terrestrial 

ecosystems than have been previously identified.  
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Appendix 1 Abundance of terrestrial invertebrates recorded from four 0.25m2 quadrats on exposed riverine sediments (gravel bars) during sampling of 37 central South Island forested first-
third order streams in the autumn of 2003. P indicates samples collected by hand using forceps from two 0.25m2 quadrats, L indicates samples retrieved from two 0.25m2 quadrat litter 
samples collected using a modified leaf vacuum. 

Area  Banks Peninsula Arthurs Pass 
Site Hay Hinewai Kaituna Okuti Onuku Andrews Binser Low. Farm Peacock 

Sampling method  P L P L P L P L P L P L P L P L P L 
Class Order Family                   
Arachnida Araneae Araneidae   1                
  Cyctoctenidae 1

1

1

n 1

2

1

                  
  Linyphiidae 1 5 6 5 3 1  2 1 12  1      1 
  Lycosidae 2      1   8   1      
  Miturgidae 2   2 1              
  Pisauridae   1   1  1  1         
  Salticidae                   
  Tetragnatheidae  3 2 2  1    3         
  Therididae                   
  Dictynidae                   
  Amaurobiidae     1   1        1   
  Hahniidae  20  7  6        4     
  Unidentified                   
 Opilione Cyphophthalmi              1     
  Laniatores                   
  Palapatores 2 2     2            
 Pseudoscorpio                     
 Acarina   3  25      1    12  4  8 
Insecta Blattodea Blattidae           1 1 1  1    
 Coleoptera Carabidae 1 1 1  2   1  1    1     
  Staphylinidae  2  9  18  10  5  3  24  20  34 
  Curculionidae                   
  Cerambycidae  1        1         
  Mordellidae                   
  Chrysomelidae                   
  Scarabidae                   
  Coccinellidae    1  1             
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Appendix 1 continued. 

Area Banks Peninsula Arthurs Pass 
Site Hay Hinewai Kaituna Okuti Onuku Andrews Binser Low. Farm Peacock 

Sampling method P L P L P L P L P L P L P L P L P L 
Class Order Family                                     
Insecta cont. Coleoptera cont. Elmidae                   
  Tenebrionidae                   
  Elateridae                   
  Unidentified                   
 Hemiptera Cercopidae  1  1               
  Pseudoccidae    2               
  Pentatomidae          1         
  Aphididae                4   
  Unidentified                   
 Plecoptera Nesoperla                   
  Taraperla                   
  Austroperla                   
 Megaloptera Corylidae                   
 Diptera Mycetophilidae              2 1    
  Simuliidae  1  17  4  2  1        1 
  Tipulidae               1    
 Lepidoptera Geometridae  1                 
 Neuroptera Osmylidae                   
 Orthoptera Rhaphidophoridae 3 1  1    1  1         
  Gryllidae                   
 Hymenoptera Formicidae           2 1 2      
  Pteromalidae    1    1      1  1   
  Ichneumonidae                   
 Collembola   39  13  20  14  30  2  39  15  20 
Crustacea Amphipoda   29  6  8 2 5 2 15         
Malacostraca Isopoda Oniscidae  4  5  2  2  3    1    2 
Chilopoda                   1  
Diplopoda    32  4  3   1 9 2 2     1  
Mollusca  Gastropoda    1               
Total     12 149 11 102 7 65 5 40 4 92 5 10 4 86 3 45 3 66 
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Appendix 1 continued. 

Area Lewis Pass 
Site Basin Deer Foley Going Jackson Lewis One Mile Riordans Rough 

Sampling method P L P L P L P L P L P L P L P L P L 
Class Order Family                                     
Arachnida Araneae Araneidae  1 1    1    1        
  Cyctoctenidae                   
  Linyphiidae                  1

2

on

1

 
  Lycosidae         4 3   1 4     
  Miturgidae                   
  Pisauridae         1 1   1 1     
  Salticidae                   
  Tetragnatheidae  1  1       1        
  Therididae        1          1 
  Dictynidae          1   1     1 
  Amaurobiidae    1        1       
  Hahniidae                   
  Unidentified                   
 Opilione Cyphophthalmi                   
  Laniatores  1                2 
  Palapatores 1 1               5 2 
 Pseudoscorpi                    
 Acarina     4          1  4  1 
Insecta Blattodea Blattidae     3 1    1         
 Coleoptera Carabidae                   
  Staphylinidae  2  9  10  12  4  7  5  4  27 
  Curculionidae                   
  Cerambycidae          1         
  Mordellidae                   
  Chrysomelidae                   
  Scarabidae                   
  Coccinellidae                   
  Elmidae                   
  Tenebrionidae        1           
  Elateridae                   
  Unidentified                   
 



Appendix 1 continued. 

Area Lewis Pass 
Site Basin Deer Foley Going Jackson Lewis One Mile Riordans Rough 

Sampling method P L P L P L P L P L P L P L P L P L 
Class Order Family                                     
Insecta cont. Hemiptera Cercopidae                   
  Pseudoccidae                   
  Pentatomidae                   
  Aphididae                   
  Unidentified            1

1 1

1

1

1

1
1

2 2

       
 Plecoptera Nesoperla                   
  Taraperla                   
  Austroperla                   
 Megaloptera Corylidae                   
 Diptera Mycetophilidae                   
  Simuliidae      5  2        1  4 
  Tipulidae                   
 Lepidoptera Geometridae                   
 Neuroptera Osmylidae                   
 Orthoptera Rhaphidophoridae                   
  Gryllidae                   
 Hymenoptera Formicidae                   
  Pteromalidae                   
  Ichneumonidae                   
 Collembola   5  3  5  12    15    5  17 
Crustacea Amphipoda                    
Malacostraca Isopoda Oniscidae                   
Chilopoda                     
Diplopoda                     
Mollusca  Gastropoda                   
Total     2 12 1 20 3 25 1 28 5 12 2 24 3 12 0 17 5 57 
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Appendix 1 continued. 

Area  Rahu Saddle 

Site Black Blue 
Speck Crate Lake Lock Lower 

Rahu Patersons Rahu Rahu 
Left 

Rahu 
Right 

Upper 
Inangahua 

Sampling method P L P L P L P L P L P L P L P L P L P L P L 
Class Order Family                                             
Arachnida Araneae Araneidae                       
  Cyctoctenidae                       
  Linyphiidae    1        1        1 1 1 
  Lycosidae            1

1 1

n 2

1

           
  Miturgidae                       
  Pisauridae 1           1         1 1 
  Salticidae                       
  Tetragnatheidae 1 1              1 1 1     
  Therididae                       
  Dictynidae                       
  Amaurobiidae            1      1   1  
  Hahniidae  1  2                   
  Unidentified                       
 Opilione Cyphophthalmi                       
  Laniatores                       
  Palapatores 1 1  1    1  1 1  1  3 1       
 Pseudoscorpio                        
 Acarina     2        2  2         
Insecta Blattodea Blattidae                       
 Coleoptera Carabidae    1   1     2  1    2     
  Staphylinidae  10  6  3  14  12  14  9  8  10  2  5 
  Curculionidae                       
  Cerambycidae                       
  Mordellidae                       
  Chrysomelidae                       
  Scarabidae                       
  Coccinellidae                       
  Elmidae        1          1     
  Tenebrionidae  3      1    3    3  4  1   
  Elateridae                       
  Unidentified                       
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Appendix 1 continued. 

Area  Rahu Saddle 

Site Black Blue 
Speck Crate Lake Lock Lower 

Rahu Patersons Rahu Rahu 
Left 

Rahu 
Right 

Upper 
Inangahua 

Sampling method P L P L P L P L P L P L P L P L P L P L P L 
Class Order Family                                             
Insecta cont. Hemiptera Cercopidae                       
  Pseudoccidae            1

1
1

2

1

1
1

1

1 1
1

1 1

           
  Pentatomidae                       
  Aphididae                       
  Unidentified                       
 Plecoptera Nesoperla    3  1  14    4      4  1  3 
  Taraperla                       
  Austroperla                       
 Megaloptera Corylidae                       
 Diptera Mycetophilidae  1  4    1    1        1   
  Simuliidae  7  3    3      1      3  10 
  Tipulidae                       
 Lepidoptera Geometridae  1        1      1       
 Neuroptera Osmylidae      1  1    1      1 1    
 Orthoptera Rhaphidophoridae                       
  Gryllidae                       
 Hymenoptera Formicidae                       
  Pteromalidae                       
  Ichneumonidae                       
 Collembola   14  14  2  2  5  10  10  3  5    8 
Crustacea Amphipoda                        
Malacostraca Isopoda Oniscidae                       
Chilopoda                         
Diplopoda                         
Mollusca  Gastropoda                       
Total     5 40 1 37 0 10 1 41 1 21 1 43 1 24 3 17 1 30 1 10 3 29 
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Appendix 1 continued. 

Area Reefton 

Site Burkes Coal Coffee Garvey Lower 
Devils 

Upper  
Devils Waterfall Wellmans 

Sampling method P L P L P L P L P L P L P L P L 
Class Order Family                                 
Arachnida Araneae Araneidae  1               
  Cyctoctenidae                 
  Linyphiidae  4  1     2 1 1 1     
  Lycosidae        1 1        
  Miturgidae      1           
  Pisauridae 3 2               
  Salticidae 1 1               
  Tetragnatheidae  1        3       
  Therididae   1              
  Dictynidae                 
  Amaurobiidae     1   1      1   
  Hahniidae  2    2  2  2  5  4  1 
  Unidentified    2    1  1       
 Opilione Cyphophthalmi                 
  Laniatores                 
  Palapatores      3 1  2 2     2  
 Pseudoscorpion  3               
 Acarina   76  11  10  2  10    4  10 
Insecta Blattodea Blattidae   1      1        
 Coleoptera Carabidae  1           1    
  Staphylinidae  13  2  54  1  11  13  6  7 
  Curculionidae      1  1         
  Cerambycidae  1               
  Mordellidae                 
  Chrysomelidae                 
  Scarabidae          1       
  Coccinellidae                 
  Elmidae                 
  Tenebrionidae                 
  Elateridae     1            
  Unidentified  1               
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Appendix 1 continued. 

Area  Reefton 

Site Burkes Coal Coffee Garvey Lower 
Devils 

Upper 
Devils Waterfall Wellmans 

Sampling method P L P L P L P L P L P L P L P L 
Class Order Family                                 
Insecta cont. Hemiptera Cercopidae                 
  Pseudoccidae                 
  Pentatomidae                 
  Aphididae                 
  Unidentified  1    1           
 Plecoptera Nesoperla  2  1  4           
  Taraperla                 
  Austroperla                 
 Megaloptera Corylidae                 
 Diptera Mycetophilidae  4            3   
  Simuliidae  46  1    3  3    1  1 
  Tipulidae                 
 Lepidoptera Geometridae  1          1     
 Neuroptera Osmylidae     1   2  1      1 
 Orthoptera Rhaphidophoridae                 
  Gryllidae      1           
 Hymenoptera Formicidae  4 1     1 1        
  Pteromalidae  3  1      1       
  Ichneumonidae                 
 Collembola   38  20  24  26  4  31  49  2 
Crustacea Amphipoda              2 1   
Malacostraca Isopoda Oniscidae  4               
Chilopoda                1   
Diplopoda    1    2    3       
Mollusca  Gastropoda      2        3   
Total     4 210 3 39 3 105 1 41 7 43 1 51 3 73 2 22 
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Appendix 2 Mean abundance of aquatic invertebrates (no. individuals m-2) collected from Surber samples (0.065 m2, 250 µm mesh) taken in riffles during the survey of 37 central 
South Island forested first-third order streams in the autumn of 2003 (n =3, ± SE). 

   Banks Peninsula Arthurs Pass 
Order Family Genus/Species Hay Hinewai Kaituna Okuti Onuku Andrews Binser Lower Farm Peacock 

            

Ephemeroptera Coluburiscidae Coloburiscus humeralis 518 ± 206 103 ± 80 421 ± 124 462 ± 94 667 ± 183 10 ± 10 523 ± 79 10 ± 5 1364 ± 259 
 Ameletopsidae Ameletopsis perscitus                   
 Oniscigastridae Oniscigaster distans               5 ± 5   
 Nesameletidae Nesameletus    26 ± 5 5 ± 5     21 ± 5       
 Leptophlebiidae Deleatidium  508 ± 203 482 ± 54 492 ± 85 549 ± 82 364 ± 74 723 ± 41 200 ± 39 323 ± 41 92 ± 32 
  Zephlebia    21 ± 5               
  Neozephlebia    5 ± 5   5 ± 5   87 ± 56   15 ± 9   185 ± 55 
  Austroclima             10 ± 5   41 ± 22 
Plecoptera Eustheniidae Stenoperla prasina             10 ± 5   10 ± 5 
 Austroperlidae Austroperla cyrene     62 ± 18   36 ± 21         
 Gripopterygidae Megaleptoperla grandis           5 ± 5       
  Zelandoperla 10 ± 5 36 ± 5 41 ± 10 31 ± 9   236 ± 60   31 ± 18 5 ± 5 
  Zelandobius     5 ± 5     103 ± 58 46 ± 24 246 ± 24 46 ± 9 
  Spaniocerca                   
Trichoptera Hydropsychidae Aoteapsyche 513 ± 164 51 ± 14 210 ± 21 138 ± 32   92 82 ± 31 262 ± 116 41 ± 18 
 Hydrobiosidae Hydrobiosid sp.     21 ± 10 5 ± 5   21 ± 5   46 ± 31 31 ± 24 
  Hydrobiosis 15 ± 10 5 ± 5 15 ± 9  26 ± 18  5 ± 5 10 ± 10 26 ± 21 
  Psilochorema  5 ± 5   5 ± 5   5 ± 5 26 ± 10 5 ± 5 56 ± 27 21 ± 10 
  Hydrochorema   5 ± 5               
  Costachorema                   
  Neurochorema                   
 Philopotamidae Hydrobiosella             338 ± 101   15 ± 15 
  Cryptobiosella                 5 ± 5 
 Helicopsychidae Helicopsyche  5 ± 5 15 ± 15     108 ± 36 5 ± 5       
 Oeconesidae Oeconesus     5 ± 5   5 ± 5       5 ± 5 
  Zelandopsyche maclellani                   
 Leptoceridae Oecetis                   
  Hudsonema alienum                   
 Philorheithridae Philorheithrus agilis                   
 Calocidae Pycnocentrella eruensis                   
 Helicophidae Zelolessica cheira 5 ± 5               128 ± 41 
 Conoesucidae Beraeoptera roria                   
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Appendix 2 continued. 

   Banks Peninsula Arthurs Pass 
Order Family Genus/Species Hay Hinewai Kaituna Okuti Onuku Andrews Binser Lower Farm Peacock 

                     

 Conoesucidae contd. Confluens sp     5 ± 5     103 ± 42 144 ± 26 451 ± 110 62 ± 24 
  Olinga feredayi   87 ± 41 36 ± 10 67 ± 29 364 ± 280 92 ± 9 338 ± 54 51 ± 37 231 ± 49 
  Pycnocentria  277 ± 71 15 ± 9 10 ± 5       36 ± 10   92 ± 9 
  Pycnocentrodes  31 ± 31            
Megaloptera Corydalidae Archichauliodes diversus 46 ± 32 5 ± 5 36 ± 18 10 ± 5 62 ± 24 26 ± 26   31 ± 9 5 ± 5 
Coleoptera Elmidae Hydora      26 ± 18   5 ± 5 5 ± 5 164 ± 31 10 ± 5 297 ± 98 
 Hydraenidae Hydraenid sp 5 ± 5 36 ± 18 56 ± 22 82 ± 22 108 ± 41   5 ± 5   118 ± 37 
 Sciritidae Sciritid sp 5 ± 5   10 ± 10   5 ± 5   5 ± 5   15 ± 9 

± Ptilodactylidae Byrrhocryptus urquharti                 5   5
Diptera Tipulidae Aphrophila      72 ± 31 31 ± 24 10 ± 5 72 ± 45 10 ± 5 46 ± 9 113 ± 31 
  Eriopterini                46 ± 15   
 Blephariceridae Nothohoraia                    
  Neocurupia  123 ± 9   46 ± 32 56 ± 56       5 ± 5   
 Simulliidae Austrosimulium  15 ± 9     15 ± 9   538 ± 187 36 ± 14 123 ± 47 36 ± 14 
 Thaumaleidae Thaumaleidid sp                 21 ± 21 
 Chironomididae Chironomid sp 41 ± 26 26 ± 10 56 ± 22 31 ± 9 26 ± 10 67 ± 5 46 ± 18 144 ± 49 36 ± 5 
  Tanypodinae 5 ± 5    5 ± 5     
 Empididae Empidid sp                 5 ± 5 
 Muscidae Muscid sp               10 ± 5   
 Psychodidae Psychodid sp   15 ± 9               
Gastropoda  Potamopyrgus antipodarum 31 ± 18 31 ± 18         26 ± 14   82 ± 22 
Nematomorpha   5 ± 5                 
Oligochaeta     10 ± 10               
Annelida           5 ± 5         

Total    2138 ± 794 1000 ± 340 1641 ± 478 1477 ± 376 1882 ± 774 2144 ± 518 2046 ± 484 1908 ± 569 3133 ± 861 
No. of taxa   20 18 22 12 16 17 20 20 31 
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Appendix 2 continued. 

   Lewis Pass 
Order Family Genus/Species Basin Deer Foley Going Jackson Lewis One Mile  Riordans Rough 
            

Ephemeroptera Coluburiscidae Coloburiscus humeralis           67 ± 29       
 Ameletopsidae Ameletopsis perscitus                   
 Oniscigastridae Oniscigaster distans                   
 Nesameletidae Nesameletus                   
 Leptophlebiidae Deleatidium  441 ± 126 221 ± 49 497 ± 67 431 ± 62 482 ± 84 174 ± 59 718 ± 45 662 ± 138 528 ± 129 
  Zephlebia                    
  Neozephlebia                      
  Austroclima                   
Plecoptera Eustheniidae Stenoperla prasina 21 ± 5 5 ± 5 15 ± 9 10 ± 10   10 ± 10 31 ± 15 15 ± 15 26 ± 5 
 Austroperlidae Austroperla cyrene 15 ± 15   5 ± 5   5 ± 5 5 ± 5 41 ± 18   41 ± 26 
 Gripopterygidae Megaleptoperla grandis                   
  Zelandoperla 179 ± 52 292 ± 107 41 ± 22 62 ± 15 113 ± 49 92 ± 15 251 ± 83 31 ± 24 267 ± 86 
  Zelandobius 569 ± 307 687 ± 449 1123 ± 69 564 ± 121 369 ± 102 790 ± 234 954 ± 209 882 ± 148 451 ± 81 
  Spaniocerca                   
Trichoptera Hydropsychidae Aoteapsyche   5 ± 5 5 ± 5 21 ± 21 36 ± 5 5 ± 5 10 ± 5 5 ± 5   
 Hydrobiosidae Hydrobiosid sp 108 ± 47 10 ± 5   92 ± 31 108 ± 31 26 ± 10   56 ± 5 51 ± 5 
  Hydrobiosis  5 ± 5 46 ± 31   5 ± 5 15 ± 9   
  Psilochorema            5 ±  5

5

5

5

      
  Hydrochorema             5 ±      
  Costachorema 10 ± 10     10 ± 10 5 ± 5   21 ± 5 15 ± 9 10 ± 10 
  Neurochorema                   
 Philopotamidae Hydrobiosella 26 ± 14     10 ± 10 15 ± 9 36 ± 22   15 ± 9 10 ± 10 
  Cryptobiosella                   
 Helicopsychidae Helicopsyche                  

±
  

 Oeconesidae Oeconesus               5     
  Zelandopsyche maclellani                   
 Leptoceridae Oecetis           5 ±        
  Hudsonema alienum                   
 Philorheithridae Philorheithrus agilis                   
 Calocidae Pycnocentrella eruensis                   
 Helicophidae Zelolessica cheira                   
 Conoesucidae Beraeoptera roria         31   97 ± 21     
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Appendix 2 continued. 

   Lewis Pass 
Order Family Genus/Species Basin Deer Foley Going Jackson Lewis One Mile Riordans Rough 
             

 Conoesucidae contd Confluens   10 ± 5 5 ± 5   31 ± 18   10 ± 10 
 . Olinga feredayi 10 ± 5 21 ± 14 5 ± 5 41 ± 21   123 ± 41 10 ± 10 21 ± 14 51 ± 29 
  Pycnocentria               
  Pycnocentrodes               
Megaloptera Corydalidae Archichauliodes diversus                   
Coleoptera Elmidae Hydora 400 ± 102 133 ± 31 205 ± 59 77 ± 24 5 ± 5 46 ± 32 15 ± 9 185 ± 54 51 ± 22 
 Hydraenidae Hydraenid sp 21 ± 10 41 ± 21 15 164 ± 64   87 ± 36 5 ± 5 72 ± 14 103 ± 37 
 Sciritidae Sciritid sp           5 ± 5       
 Ptilodactylidae Byrrhocryptus urquharti                   
Diptera Tipulidae Aphrophila 108 ± 93 10 ± 10 56 ± 22   497 ± 209 5 ± 5 118 ± 10 144 ± 18 51 ± 22 
  Eriopterini 10 ± 10 5 ± 5   21 ± 21 51 ± 26   36 ± 22 5 ± 5   
 Blephariceridae Nothohoraia 5 ±  5

10

ae sp

                
  Neocurupia                 10 ±  
 Simulliidae Austrosimulium     10 ± 10 10 ± 5 5 ± 5 41 ± 5   10 ± 10 10 ± 10 
 Thaumaleida Thaumaleidid sp                   
 Chironomididae Chironomid sp 159 ± 97 46 ± 9 138 ± 24 46 ± 39 133 ± 37 26 ± 5 51 ± 14 108 ± 62 10 ± 5 
  Tanypodinae 359 ± 212         
 Empididae Empidid sp                   
 Muscidae Muscid sp         10 ± 10   5 ± 5     
 Psychodid  Psychodid                    
Gastropoda  Potamopyrgus antipodarum                   
Nematomorpha                     
Oligochaeta                     
Annelida                     

Total    2436 ± 1112 1492 ± 720 2169 ± 334 1559 ± 453 1867 ± 582 1585 ± 553 2385 ± 491 2231 ± 534 1682 ± 498 
No. of taxa   15 14 15 14 16 20 17 16 16 
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Appendix 2 continued. 

   Rahu Saddle 

Order Family Genus/Species Black Blue 
Speck Crate Lake Lock Lower 

Rahu Patersons Upper 
Inangahua Rahu Rahu 

Left 
Rahu 
Right 

              
Ephemeroptera Coluburiscidae Coloburiscus humeralis 400 ± 217 5 ± 5 10 ± 10 5 ± 5   108 ± 47 5 ± 5 882 ± 346 97 ± 45 205 ± 56 144 ± 22 
 Ameletopsidae Ameletopsis perscitus           5 ± 5   10 ± 10       
 Oniscigastridae Oniscigaster distans                       
 Nesameletidae Nesameletus    10 ± 5 77 ± 18 82 ± 27 179 ± 65 10 ± 10 77 ± 24 251 ± 51 554 ± 228 354 ± 86 338 ± 87 
 Leptophlebiidae Deleatidium  328 ± 51 831 ± 152 497 ± 116 549 ± 36 349 ± 80 400 ± 163 610 ± 131 703 ± 129 267 ± 80 133 ± 37 159 ± 14 
  Zephlebia                        
  Neozephlebia                          
  Austroclima       5 ± 5 5 ± 5     87 ± 27   87 ± 56   
Plecoptera Eustheniidae Stenoperla prasina 41 ± 14 26 ± 14 5 ± 5 26 ± 10 15           5 ± 5 
 Austroperlidae Austroperla cyrene 46 5 ± 5   10 ± 10 10 ± 5   15 ± 15 62 ± 32       
 Gripopterygidae Megaleptoperla grandis                       
  Zelandoperla 15 ± 9 26 ± 18 5 ± 5 21 ± 10 5 ± 5 21 ± 5 10 ± 5 26 ± 14 31 ± 9   5 ± 5 
  Zelandobius   72 ± 10 62 ± 9 297 ± 54 15 ± 9 303 ± 149 21 ± 14 67 ± 10 118 ± 29 56 ± 5 41 ± 5 
  Spaniocerca                       
Trichoptera Hydropsychidae Aoteapsyche 108 ± 93 51 ± 10           5 ± 5       
 Hydrobiosidae Hydrobiosid sp   46 ± 24 21 ± 14 41 ± 5 31 ± 15 31 ± 18     26 ± 18 41 ± 10 15 ± 9 
  Hydrobiosis   15 ± 15 21 ± 14   10 ± 10 15 ± 15 56 ± 10   5 ± 5 
  Psilochorema            5 ± 5           
  Hydrochorema 5 ± 5 10 ± 10       5 ± 5 5 ±5         
  Costachorema   128 ± 42   5 ± 5 15 ± 15 21 ± 14 5 ± 5   5 ± 5 5 ± 5   
  Neurochorema                       
 Philopotamidae Hydrobiosella   56 ± 56   10 ± 10 46 ± 24             
  Cryptobiosella                       
 Helicopsychidae Helicopsyche  210 ± 92         15 ± 9       5 ± 5   
 Oeconesidae Oeconesus                       
  Zelandopsyche maclellani                       
 Leptoceridae Oecetis                       
  Hudsonema alienum                       
 Philorheithridae Philorheithrus agilis             15 ± 9         
 Calocidae Pycnocentrella eruensis                   10 ± 10   
 Helicophidae Zelolessica cheira     5 ± 5                 
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 Conoesucidae Beraeoptera roria 62         174 ± 37           
Appendix 2 continued. 

   Rahu Saddle 

Order Family Genus/Species Black Blue 
Speck Crate Lake Lock Lower 

Rahu Patersons Upper 
Inangahua Rahu Rahu 

Left 
Rahu 
Right 

                         

 Conoesucidae contd Confluens                     
  Olinga feredayi 200 ± 62 21 ± 5   26 ± 14 103 ± 22 21 ± 21 10 ± 10   26 ± 5 51 ± 31 21 ± 14 
  Pycnocentria 62 ± 18     21 ± 10   10 ± 10   41 ± 5   5 ± 5 5 ± 5 
  Pycnocentrodes 5 ± 5                
Megaloptera Corydalidae Archichauliodes diversus 113 ± 34         15 ± 15   56 ± 26       
Coleoptera Elmidae Hydora 877 ± 161 421 ± 95 56 ± 31 72 ± 34 103 ± 18 226 ± 49 10 ± 5 31 ± 9 72 ± 36 144 ± 59 149 ± 74 
 Hydraenidae Hydraenid sp 426 ± 91 144 ± 59   67 ± 27 118 ± 26 5 ± 5 41 ± 14 92 ± 53 72 ± 10 51 ± 10 46 ± 18 
 Sciritidae Sciritid sp                       
 Ptilodactylidae Byrrhocryptus urquharti                       
Diptera Tipulidae Aphrophila   15       62 ± 27           
  Eriopterini 5 ± 5 31 ± 24     5 ± 5   5 ± 5   5 ± 5 5 ± 5   
 Blephariceridae Nothohoraia                       
  Neocurupia   15 ± 9                   
 Simulliidae Austrosimulium 5 ± 5 56 ± 5 5 ± 5   5 ± 5   10 ± 10   21 ± 21 5 ± 5   
 Thaumaleida Thaumaleidid sp                       
 Chironomididae Chironomid sp   282 ± 18 5 ± 5 41 ± 14 108 ± 46 5 ± 5 15 ± 15     36 ± 14   
  Tanypodinae                
 Empididae Empidid sp                       
 Muscidae Muscid sp   5 ± 5                   
 Psychodidae Psychodid sp                       
Gastropoda  Potamopyrgus antipodarum 215 ± 140                     
Nematomorpha               5 ± 5   5 ± 5     
Oligochaeta                         
Annelida                         

Total    3123 ± 1000 2272 ± 588 769 ± 237 1277 ± 276 1113 ± 347 1451 ± 609 877 ± 293 2369 ± 728 1297 ± 496 1195 ± 401 933 ± 263 

No. of taxa   18 22 12 16 15 21 18 14 13 16 12 
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Appendix 2 continued. 

   Reefton 
Order Family Genus/Species Burkes Coal Coffee Garvey Lower Devils Upper Devils Waterfall Wellman 
           

Ephemeroptera Coluburiscidae Coloburiscus humeralis 764 ± 136   215 ± 24 5 ± 5 236 ± 44   92 ± 39 5 ± 5 
 Ameletopsidae Ameletopsis perscitus                 
 Oniscigastridae Oniscigaster distans                 
 Nesameletidae Nesameletus  36 ± 14   149 ± 95   164 ± 80   26 ± 18   
 Leptophlebiidae Deleatidium  144 ± 58   462 ± 123 46 ± 46 256 ± 54   472 ± 42 5 ± 5 
  Zephlebia  31 ± 9   15           
  Neozephlebia    15 ± 9   36 ± 14   31 ± 15       
  Austroclima                 
Plecoptera Eustheniidae Stenoperla prasina   10 ± 5 26 ± 5   67 ± 26   46 ± 9   
 Austroperlidae Austroperla cyrene 87 ± 18 5 ± 5   5 ± 5 123 ± 24 26 ± 10 113 ± 22   
 Gripopterygidae Megaleptoperla grandis                 
  Zelandoperla 26 ± 10       41 ± 18       
  Zelandobius     36 ± 5   26 ± 5       
  Spaniocerca     128 ± 78           
Trichoptera Hydropsychidae Aoteapsyche 554 ± 233   5 ± 5   241 ± 27     5 ± 5 
 Hydrobiosidae Hydrobiosid sp     36 ± 5     15 ± 9     
  Hydrobiosis 46 ± 31      5 ± 5   5 ± 5 
  Psilochorema      5 ± 5           
  Hydrochorema                 
  Costachorema                 
  Neurochorema 15 ± 9       21 ± 14   5 ± 5   
 Philopotamidae Hydrobiosella 15 ± 9               
  Cryptobiosella                 
 Helicopsychidae Helicopsyche  41 ± 18   31 ± 9   10 ± 10   72 ± 56   
 Oeconesidae Oeconesus             15 ± 15   
  Zelandopsyche maclellani     46 ± 9       62 ± 9   
 Leptoceridae Oecetis                 
  Hudsonema alienum 26 ± 14               
 Philorheithridae Philorheithrus agilis 5 ± 5           10 ± 10   
 Calocidae Pycnocentrella eruensis             46 ± 15   
 Helicophidae Zelolessica cheira     5 ± 5           
 Conoesucidae Beraeoptera roria 5 ± 5             26 ± 18 
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Appendix 2 continued. 

   Reefton 
Order Family Genus/Species Burkes Coal Coffee Garvey Lower Devils Upper Devils Waterfall Wellman 
                

 Conoesucidae contd Confluens              
  Olinga feredayi 118 ± 49       31 ± 15     5 ± 5 
  Pycnocentria 10 ± 5               
  Pycnocentrodes        10 ± 10       
Megaloptera Corydalidae Archichauliodes diversus 36 ± 14       77 ± 32       
Coleoptera Elmidae Hydora 46 ± 9   36 ± 21 46 ± 18 241 ± 97 5 ± 5 56 ± 22 26 ± 18 
 Hydraenidae Hydraenid sp 359 ± 77   10 ± 5   533 ± 144     10 ± 5 
 Sciritidae Sciritid sp               5 ± 5 
 Ptilodactylidae Byrrhocryptus urquharti             5 ± 5   
Diptera Tipulidae Aphrophila 10 ± 10               
  Eriopterini     5 ± 5   5 ± 5   10 ± 10   
 Blephariceridae Nothohoraia                 
  Neocurupia                 
 Simulliidae Austrosimulium                 
 Thaumaleida Thaumaleidid sp                 
 Chironomididae Chironomid sp 154 ± 32 41 ± 22   10 ± 10 62 ± 32     21 ± 10 
  Tanypodinae 36 ± 22           
 Empididae Empidid sp                 
 Muscidae Muscid sp                 
 Psychodidae Psychodid sp                 
Gastropoda  Potamopyrgus antipodarum 605 ± 345   5 ± 5       1026 ± 187   
Nematomorpha                   
Oligochaeta         5 ± 5   10 ± 5 10 ± 5   
Annelida               5 ± 5   

Total    3185 ± 1140 56 ± 33 1251 ± 417 118 ± 90 2179 ± 658 56 ± 29 2067 ± 472 113 ± 83 
No. of taxa   25 3 17 6 19 4 16 10 
 
 
 



Appendix 3 Biomass of terrestrial invertebrates (g dry weight) collected from four 0.25m2 quadrats on exposed riverine 
sediments (gravel bars) during sampling of 37 central South Island forested first-third order streams in the autumn of 2003. 
‘Picking’ indicates samples collected by hand using forceps from two 0.25m2 quadrats, ‘Litter’ indicates samples retrieved from 
two 0.25m2 quadrat litter samples collected using a modified leaf vacuum. ‘Total” combines weights from two methods to 
express total biomass of terrestrial invertebrates as g dry weight m-2. 

 

 Picking Litter Total 
 Arachnid Weta Carabid Other Arachnid Weta Carabid Other Arachnid Weta Carabid Other Total 

              
Banks 
Peninsula              

Hay 0.1909 0.4764 0.0007 0.0186 0.0179 0.0345  0.1457 0.2088 0.5109 0.0007 0.1643 0.8847 
Hinewai 0.2790  0.0204  0.1523   0.0280 0.4313  0.0204 0.0280 0.4797 
Kaituna 0.1115  0.0159 0.0263 0.0534  0.0161 0.0216 0.1649  0.0320 0.0479 0.2448 
Okuti 0.0030   0.0064 0.2559   0.0064 0.2589   0.0128 0.2717 
Onuku 0.0223  0.0133  0.3472 0.1159  0.0675 0.3695 0.1159 0.0133 0.0675 0.5662 

Arthurs Pass              
Andrews    0.0653 0.0043   0.0653 0.0043   0.1306 0.1349 
Binser 0.0049   0.0375 0.0010   0.0069 0.0059   0.0444 0.0503 
Lower Farm    0.0182 0.0010   0.0053 0.0010   0.0235 0.0245 
Peacock 0.0030   0.0518 0.0079   0.0056 0.0109   0.0574 0.0683 

Lewis Pass              
Basin 0.0142   0.0009 0.0734   0.0033 0.0876   0.0042 0.0918 
Deer 0.0058   0.0062 0.0014   0.0012 0.0072   0.0074 0.0146 
Foley    0.0930 0.0014   0.0379 0.0014   0.1309 0.1323 
Going 0.0010    0.0014   0.0038 0.0024   0.0038 0.0062 
Jackson 0.1063    0.1202   0.0463 0.2265   0.0463 0.2728 
Lewis 0.0500   0.0265 0.0223   0.0029 0.0723   0.0294 0.1017 
One Mile 0.0363   0.0002 0.0391   0.0033 0.0754   0.0035 0.0789 
Riordans        0.0030    0.0030 0.0030 
Rough 0.0099   0.0092 0.0223   0.0013 0.0322   0.0105 0.0427 

Rahu Saddle              
Black 0.1348   0.0632 0.0076   0.0065 0.1424   0.0697 0.2121 
Blue Speck 0.0817    0.0010   0.0072 0.0827   0.0072 0.0899 
Crate     0.0010   0.0030 0.0010   0.0030 0.0040 
Lake   0.0019  0.0065   0.0231 0.0065  0.0019 0.0231 0.0315 
Lock    0.0109 0.0010   0.0164 0.0010   0.0273 0.0283 
Lower Rahu 0.0002   0.0070 0.2388   0.0025 0.2390   0.0095 0.2485 
Patersons 0.0136      0.0013 0.0027 0.0136  0.0013 0.0027 0.0176 
Rahu 0.0885   0.0092 0.0047   0.0035 0.0932   0.0127 0.1059 
Rahu Left 0.0126    0.0195   0.0092 0.0321   0.0092 0.0413 
Rahu Right    0.0092 0.0010   0.0050 0.0010   0.0142 0.0152 
Up. Inanga. 0.1137   0.0116 0.1361   0.0116 0.2498   0.0232 0.2730 

Reefton              
Burkes 0.4243    0.0760   0.0332 0.5003   0.0332 0.5335 
Coal 0.0015   0.0561 0.0043   0.0047 0.0058   0.0608 0.0666 
Coffee 0.0081   0.0446 0.0054   0.0381 0.0135   0.0827 0.0962 
Garvey 0.0007    0.0057   0.0041 0.0064   0.0041 0.0105 
Low. Devils 0.1057   0.0028 0.0048   0.0235 0.1105   0.0263 0.1368 
Up. Devils 0.0001    0.0013   0.0029 0.0014   0.0029 0.0043 
Waterfall   0.1813 0.0173 0.0016   0.0230 0.0016  0.1813 0.0403 0.2232 
Wellman 0.0090    0.0004   0.0083 0.0094   0.0083 0.0177 
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Appendix 4  Mean biomass of aquatic invertebrates (g dry weight  m-2) collected from Surber samples (0.065 m2, 250 µm mesh) 
taken in riffles during the survey of 37 central South Island forested first-third order streams in the autumn of 2003 (n =3, ± SE). 

 Ephemeroptera Plecoptera Trichoptera Megaloptera Diptera Coleoptera Total Insect 
        
Banks Peninsula        

Hay 0.345 ± 0.008 0.002 0.320 ± 0.010 0.374 ± 0.015 0.033 ± 0.002 0.007 1.082 ± 0.035 
Hinewai 0.784 ± 0.028 0.003 0.728 ± 0.030 0.130 ± 0.008 0.009 0.003 1.655 ± 0.067 
Kaituna 0.497 ± 0.017 0.269 ± 0.012 0.290 ± 0.003 0.239 ± 0.015 0.078 ± 0.003 0.018 1.392 ± 0.051 
Okuti 1.416± 0.019 0.009 0.259 ± 0.007 0.002 0.040 ± 0.001 0.009 1.736 ± 0.028 
Onuku 1.948 ± 0.062 0.276 ± 0.009 1.352 ± 0.066 1.705 ± 0.096 0.064 ± 0.004 0.019 ± 0.001 5.364 ± 0.237 

Arthurs Pass               
Andrews 0.187 0.102 ± 0.002 0.191 ± 0.003 0.542 ± 0.035 0.090 ± 0.002 0.010 1.123 ± 0.042 
Binser 1.315 ± 0.022 0.013 0.538 ± 0.008  0.013 0.140 ± 0.001 2.018 ± 0.032 
Lower Farm 0.193 ± 0.004 0.038 0.362 ± 0.006 0.155 ± 0.009 0.106 ± 0.002 0.002 0.856 ± 0.021 
Peacock 2.372 0.199 0.631 ± 0.001 0.003 0.132 0.190 3.527 ± 0.002 

Lewis Pass               
Basin 0.162 ± 0.045 0.239 ± 0.012 0.019 ± 0.009   0.325 ± 0.003 0.183 ± 0.007 0.927 ± 0.076 
Deer 0.115 ± 0.003 0.101 ± 0.010 0.016 ± 0.001   0.046 ± 0.010 0.054 ± 0.004 0.332 ± 0.028 
Foley 0.126 ± 0.004 0.244 ± 0.004 0.042 ± 0.001   0.085 ± 0.002 0.083 ± 0.001 0.579 ± 0.011 
Going 0.093 ± 0.001 0.073 ± 0.008 0.092 ± 0.002   0.001 ± 0.003 0.059 ± 0.002 0.319 ± 0.017 
Jackson 0.373 ± 0.002 0.170 ± 0.001 0.086 ± 0.003   0.786 0.002 ± 0.001 1.416 ± 0.007 
Lewis 0.166 ± 0.010 0.095 ± 0.004 0.144 ± 0.002   0.009 ± 0.015 0.013 0.426 ± 0.031 
One Mile 0.246 ± 0.004 0.259 ± 0.003 0.071± 0.004   0.092 0.011 ± 0.001 0.679 ± 0.011 
Riordans 0.115 ± 0.003 0.146 ± 0.005 0.035 ± 0.001   0.174 ± 0.001 0.112 0.583 ± 0.011 
Rough 0.211 ± 0.002 0.178 ± 0.002 0.108 ± 0.001   0.051± 0.003 0.091± 0.002 0.638 ± 0.010 

Rahu Saddle               
Black 0.230 ± 0.003 0.142 ± 0.001 0.995 ± 0.003 0.173 0.002 ± 0.002 0.259 ± 0.002 1.801 ± 0.010 
Blue Speck 0.321 ± 0.007 0.042 ± 0.001 0.461 ± 0.023   0.049 ± 0.000 0.252 ± 0.001 1.125 ± 0.036 
Crate 0.242 ± 0.007 0.028 0.009 ± 0.018   0.001 ± 0.001 0.026 ± 0.003 0.306 ± 0.029 
Lake 0.298 ± 0.007 0.291 ± 0.001 0.057   0.002 0.033 ± 0.001 0.681 ± 0.009 
Lock 0.210 ± 0.005 0.066 ± 0.013 0.185 ± 0.002   0.005 0.043 ± 0.001 0.508 ± 0.021 
Lower Rahu 0.231 ± 0.006 0.037 ± 0.001 0.116 ± 0.010   0.015 0.055 ± 0.001 0.488 ± 0.018 
Patersons 0.133 ± 0.009 0.006 0.150 ± 0.003   0.002 ± 0.001 0.009 ± 0.001 0.299 ± 0.016 
Rahu 0.676 ± 0.002 0.031 0.013 ± 0.007   0.006 0.035 ± 0.000 0.761 ± 0.010 
Rahu Left 0.682 ± 0.012 0.016 ± 0.001 0.114 ± 0.001   0.005 0.053 ± 0.001 0.870 ± 0.015 
Rahu Right 0.362 ± 0.008 0.016 0.011 ± 0.006     0.041 ± 0.001 0.430 ± 0.016 
Up. Inangahua 0.810 ± 0.007 0.036 0.023 ± 0.001 0.024   0.014 ± 0.001 0.907 ± 0.009 

Reefton               
Burkes 2.454 ± 0.018 0.212 ± 0.002 0.799 ± 0.001 0.861 ± 0.001 0.018 0.068 4.412 ± 0.022 
Coal  0.009 ± 0.014   0.001  0.010 ± 0.146 
Coffee 0.825 0.218 ± 0.001 0.457   0.001 0.018 1.518 ± 0.001 
Garvey 0.003 ± 0.027 0.001 ± 0.007    0.001 0.013 ± 0.001 0.017 ± 0.045 
Lower Devils 0.278 0.205 0.180 0.234 0.002 0.132 ± 0.001 1.032 ± 0.001 
Upper Devils  0.005 ± 0.007 0.020 ± 0.003     0.001 ± 0.002 0.026 ± 0.028 
Waterfall 0.365 ± 0.007 0.844 ± 0.012 2.648 ± 0.087   0.003 0.029 ± 0.001 3.889 ± 0.107 
Wellman 0.001  0.017 ± 0.001   0.001 0.021 ± 0.001 0.039 ± 0.002 
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Appendix 5 Mean abundance of aquatic invertebrates (no. individuals m-2) collected from Surber samples 
(0.065 m2, 250 µm mesh) taken in riffles from nutrient-addition and control streams at Maimai, Westland 
in the spring of 2003 (n =5, ± SE). 

  Nutrient-addition  Control 
Order Genus/Species Easy Water Weka  Gully Head Hut 
         
Ephemeroptera Deleatidium 50 ± 14 62 ± 18 127 ± 12  36 ± 9 56 ± 18 58 ± 13 
 Zephlebia 10 ± 3 6 ± 3 2 ± 2  31 ± 28 8 ± 8  
 Neozephlebia scita 2 ± 2     6 ± 4  
 Coloburiscus humeralis 69 ± 19 60 ± 22 73 ± 39   25 ± 5 75 ± 17 
 Ameloptsis perscitus     3 ± 3   
Plecoptera Austroperla cyrene 42 ± 24 19 ± 16 31 ± 11   48 ± 18 10 ± 3 
 Stenoperla prasina 6 ± 4 8 ± 4 8 ± 4   8 ± 5 8 ± 4 
 Zelandobius 10 ± 5 21 ± 13   5 ± 5 2 ± 2 21 ± 6 
 Zelandobius illiesi 4 ± 3 6 ± 4    2 ± 2  
 Zelandoperla 2 ± 2 2 ± 2 4 ± 3    4 ± 3 
 Spaniocerca 6 ± 4      4 ± 3 
Trichoptera Hydrobiosidae  2 ± 2      
 Hydrobiosella mixta 25 ± 13 83 ± 39 19 ± 9  8 ± 5 15 ± 12 77 ± 24 
 Psilochorema  2 ± 2      
 Oeconesus maori        
 Helicopsyche 12 ± 10 8 ± 5 42 ± 27   117 ± 43 25 ± 10 
 Rakuira      2 ± 2   
 Zelandopsyche macelleni 4 ± 4    5 ± 5  2 ± 2 
 Zelolessica        
 Triplectides      4 ± 3  
 Polyplectropus 2 ± 2       
 Cryptobiosella        
 Aoteapsyche        
 Pycnocentria        
Diptera Hexatomini  2 ± 2      
 Nothodixa        
 Tanypodinae        
 Chironomidae 6 ± 4 56 ± 38 12 ± 10   17 ± 3 21 ± 16 
 Eriopterini   4 ± 4   2 ± 2 2 ± 2 
 Muscidae        
 Austrosimuliid      2 ± 2  
 Empididae        
 Aphrophila     5 ± 5 8 ± 5  
Coleoptera Hydraenid 4 ± 3  4 ± 3   10 ± 8 6 ± 4 
 Ptilodactylidae 2 ± 2       
 Hydora 2 ± 2 2 ± 2 19 ± 4   10 ± 6  
 Sciritidae        
 Hydrophilidae 2 ± 2       
Oligochaeta         
Decapoda Paranephrops planifrons        
Amphipoda Paraleptamphopus  4 ± 3 31 ± 12 2 ± 2  68 ± 31 92 ± 41 15 ± 8 
Platyhelminthe        2 ± 2 
Total  266 ± 124 373 ± 186 348 ± 129  161 ± 91 435 ± 189 331 ± 115 

 138



Appendix 6 Mean abundance of aquatic invertebrates (no. individuals m-2) collected from Surber samples 
(0.065 m2, 250 µm mesh) taken in riffles from nutrient-addition and control streams at Maimai, Westland 
in the summer of 2003/04 (n =5, ± SE). 

  Nutrient-addition  Control 
Order Genus/Species Easy Water Weka  Gully Head Hut 
         
Ephemeroptera Deleatidium  179 ± 47 150 ± 30 298 ± 142  104 ± 23 108 ± 26 162 ± 47 
 Zephlebia  27 ± 8 29 ± 17 4 ± 3  37 ± 17 62 ± 19 19 ± 8 
 Neozephlebia scita      2 ± 2  
 Coloburiscus humeralis 37 ± 35 54 ± 19 33 ± 19  2 ± 2 42 ± 20 127 ± 42 
 Ameloptsis perscitus 2 ± 2 2 ± 2 2 ± 2  2 ± 2 2 ± 2 4 ± 3 
Plecoptera Austroperla cyrene 21 ± 7 2 ± 2 35 ± 12   50 ± 29 21 ± 9 
 Stenoperla prasina 23 ± 8 25 ± 12 2 ± 2  4 ± 3 12 ± 6 6 ± 3 
 Zelandobius  12 ± 4 8 ± 8 4 ± 3    35 ± 28 
 Zelandobius illiesi 12 ± 8 19 ± 5 12 ± 6  21 ± 11 25 ± 11 25 ± 13 
 Zelandoperla  4 ± 3 8 ± 4    10 ± 10  
 Spaniocerca  10 ± 6 17 ± 14 50 ± 27  2 ± 2 19 ± 14 40 ± 21 
Trichoptera Hydrobiosidae 2 ± 2 4 ± 4 2 ± 2   2 ± 2  
 Hydrobiosella mixta 19 ± 9 108 ± 61 23 ± 15  31 ± 17 31 ± 17 102 ± 44 
 Psilochorema        
 Oeconesus maori     2 ± 2   
 Helicopsyche 31 ± 21 17 ± 11 10 ± 8  4 ± 4 33 ± 22 21 ± 7 
 Rakuira        
 Zelandopsyche macelleni 2 ± 2 4 ± 4    2 ± 2 6 ± 4 
 Zelolessica        
 Triplectides   2 ± 2     
 Polyplectropus        
 Cryptobiosella        
 Aoteapsyche        
 Pycnocentria        
Diptera Hexatomini      2 ± 2  
 Nothodixa 2 ± 2 4 ± 4 2 ± 2  12 ± 5   
 Tanypodinae     4 ± 3 2 ± 2  
 Chironomidae 56 ± 16 87 ± 19 65 ± 19  19 ± 12 37 ± 16 40 ± 11 
 Eriopterini     2 ± 2  2 ± 2 
 Muscidae      2 ± 2  
 Simuliidae 2 ± 2 2 ± 2     6 ± 4 
 Empididae 2 ± 2       
 Aphrophila  6 ± 4      
Coleoptera Hydraenid 6 ± 4  6 ± 4  6 ± 6 8 ± 6 2 ± 2 
 Ptilodactylidae     4 ± 3 2 ± 2 2 ± 2 
 Hydora 2 ± 2 4 ± 3 12 ± 4    2 ± 2 
 Sciritidae  2 ± 2      
 Hydrophilidae        
Oligochaeta      4 ± 4   
Decapoda Paranephrops planifrons  4 ± 3   4 ± 3   
Amphipoda Paraleptamphopus  37 ± 24 35 ± 18 17 ± 10  114 ± 47 131 ± 93 25 ± 8 
Platyhelminthe         
Total  491 ± 214 593 ± 249 581 ± 282  381 ± 166 533 ± 304 647 ± 259 
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Appendix 7 Mean abundance of aquatic invertebrates (no. individuals m-2) collected from Surber samples 
(0.065 m2, 250 µm mesh) taken in riffles from nutrient-addition and control streams at Maimai, Westland in 
the autumn of 2004 (n =5, ± SE). 

 

  Nutrient-addition  Control 
Order Genus/Species Easy Water Weka  Gully Head Hut 
         
Ephemeroptera Deleatidium 346 ± 63 394 ± 41 256 ± 102  122 ± 34 182 ± 49 160 ± 34 
 Zephlebia 41 ± 32 99 ± 28 142 ± 70  39 ± 36 25 ± 14 37 ± 23 
 Neozephlebia scita 9 ± 5 22 ± 10 5 ± 3   5 ± 5 7 ± 8 
 Coloburiscus humeralis 18 ± 11 125 ± 44 94 ± 80   53 ± 44 46 ± 31 
 Ameloptsis perscitus 2 ± 3  21 ± 12  5 ± 3 5 ± 5 9 ± 3 
Plecoptera Austroperla cyrene 32 ± 16 64 ± 21 23 ± 15  7 ± 3 21 ± 3 34 ± 7 
 Stenoperla prasina 14 ± 7 19 ± 12 23 ± 4  7 ± 5 11 ± 4 14 ± 7 
 Zelandobius 64 ± 31 224 ± 117 144 ± 100  5 ± 3 25 ± 18 85 ± 56 
 Zelandobius illiesi 11 ± 7 29 ± 12 27 ± 15  9 ± 5 14 ± 7 11 ± 4  
 Zelandoperla 5 ± 3       
 Spaniocerca 5 ± 3 26 ± 6 25 ± 26  11 ± 10 5 ± 5 9 ± 3 
Trichoptera Hydrobiosidae  3 ± 3      
 Hydrobiosella mixta 121 ± 58 317 ± 142 43 ± 29  48 ± 36 18 ± 9 78 ± 38 
 Psilochorema  6 ± 4      2 ± 3 
 Oeconesus maori   9 ± 8     
 Helicopsyche 14 ± 5 80 ± 39 71 ± 57   66 ± 27 121 ± 57 
 Rakuira        
 Zelandopsyche macelleni 2 ± 3 3 ± 3 5 ± 3  2 ± 3 2 ± 3  
 Zelolessica        
 Triplectides 5 ± 3 10 ± 10 25 ± 12  7 ± 5 5 ± 3 30 ± 26 
 Polyplectropus   11 ± 6     
 Cryptobiosella        
 Aoteapsyche        
 Pycnocentria      2 ± 3  
Diptera Hexatomini   5 ± 3   2 ± 3 2 ± 3 
 Nothodixa 2 ± 3 38 ± 31 34 ± 27  14 ± 13  2 ± 3 
 Tanypodinae  6 ± 6      
 Chironomidae 11 ± 9 138 ± 86 23 ± 11  11 ± 7 11 ± 6 21 ± 14 
 Eriopterini 5 ± 5  2 ± 3     
 Muscidae        
 Austrosimuliid  10 ± 6    7 ± 5 9 ± 11 
 Empididae        
 Aphrophila 2 ± 3      5 ± 3 
Coleoptera Hydraenid 7 ± 3 29 ± 25 34 ± 34   5 ± 3 7 ± 5 
 Ptilodactylidae  6 ± 6 7 ± 5    2 ± 3 
 Hydora 5 ± 5 10 ± 6 5 ± 5   5 ± 3  
 Sciritidae  3 ± 3      
 Hydrophilidae 2 ± 3       
Oligochaeta         
Decapoda  2 ± 3 3 ± 3 2 ± 3  2 ± 3 5 ± 3  
Amphipoda Paraleptamphopus  32 ± 9 166 ± 74 32 ± 22  169 ± 69 85 ± 30 43 ± 16 
Platyhelminthe    7 ± 8    11 ± 10 
Total  757 ± 293 1830 ± 739 1074 ± 666  458 ± 238 557 ± 254 745 ± 367 
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