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I. INTRODUCTION 

The purpose of this thesis was to investigate the 

relationships between food intake, biomass and production 

of a population of the upland bully, Philypnodon 

Stokell, in a small Canterbury lake. 

Early studies of fish populations were confined 

essentially to descriptive aspects of a species ' biology 

(food habits, growth, life history and reproductive 

biology). However the inadequacy of this type of information 

for a complete understanding of the ecology of a fish 

population, particularly with respect to management of fish

er s, was soon realised (Ricker, 1946), and in recent 

years increasing emphasis has been placed on the more 

functional aspects of aquatic ecosystems. This approach 

has been stimulated by the early contributions of such 

workers as'Thienemann (1926) and Elton (1927), whq first 

introduced the concepts of trophic levels, ecological 

niches and ecological pyramids. With the application of 

the laws of thermodynamics to ecological theory at about 

the same time (for example, Lotka, 1925), it became poss

ible to consider the dynamic processes associated with the 

flow of energy through successive levels of a food chain. 

This trophic-dynamic approach was clearly outlined in the 

classic paper of Lindemann (1942), which provided a basic 

model for subsequent research in ecological energetics. 

Fish population studies in this field have been 

greatly influenced by the work of Ivlev (1939a, b, c, 1945, 

1947), who proposed the use of an equation to represent 

the losses and utilization of the energy of food consumed. 

Several of the terms .first proposed in this equation have 

subsequently been refined, and using the terminology of 

Ricker (1968), the energy budget of either an individual 
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animal or a population can be expressed as: 

C = P + R + F + U 
where C is the potential energy of food consumed, P is the 

energy of production, R is the energy of heat loss and 

work, F is the energy of unassimilable food passed from 

the body as faeces, and U is the energy of material lost 

in urine or through the body surface. Determination of 

such energy budgets involves a combination of laboratory 

studies of individual animals and detailed study of the 

dynamics of natural populations. The present study was 

confined to field population measurements involving two 

main categories of the energy hudget: energy intake as 

food and the production of body tissue and gonad products. 

With this information it has been possible to determine 

the gross efficiency of ut ization of food for production 

(K1 of Ivlev, 1945, or ecological efficiency of Odum,. 

1959) iIi order to describe the amount by which the energy 

available is reduced at this particular step in the food 

chain. 

In general, studies of production of fish populations 

have received more attention than consideration of food 

consumption, but there is still only a limited number of 

reliable production estimates available. Chapman (1967) 

has reviewed many of the production studies on freshwater 

fish and has concluded,tentatively, that production in 

standing waters in temperate regions ranges from 2 to 

15 g/m
2
/year where a single species predominates. More 

recently, Elwood and Waters (1969), Walkey and Meakins 

(1970), Egglishaw (1970),Libosvarsky and Lusk (1970) and 

Mathews (1971),have supported Chapman's conclusions. 

R.H.K. Mann (1971), however, recorded a production of 

Cottus gobio L. in streams in southern England far in 

excess of the range of values given by Chapman. In those 

studies in which an attempt been made to relate production 
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to other aspects of the energy budget, particularly food 

consumption, (for example, Allen, 1951; Gerking, 1962; 

Mann K.H., 1965) valuable contributions have been made 

to our understanding of the operation of natural eco

systems. It was therefore a primary aim of the present 

study to relate the production of Philypnodon breviceps 

to food consumption. 

Philypnodon breviceps Stokell, a member of the 

family Eleotridae, was placed by Stokell (1939) in the 

Australian genus Philypnodon which is characterised by 

a scaleless head and ventral surface. Most of the other 

species of New Zealand Eleotri~ae have been considered 

to belong to the more fully-scaled genus Gobiomorphus. 

However, both Cranfield (1962, unpublished) and Woods 

(1967, unpublished) considered that all New Zealand 

species of this family belong to the genus Gobiomorphus. 

At present, the upland bully is still generally referred 

to as Philipnodon brevicepsi although Whitley (1968) in 

a recent checklist of New Zealand fish referred to the 

species as Gobiomorphus breviceEs based on a personal 

communication from ''loods. 

The present knowledge of the biology of New Zealand 

freshwater fish has been reviewed by Hopkins and McDowall 

(1970). Little information, however, could be provided for 

~. breviceps, although the species is common in most rivers 

and lakes throughout the South Island of New Zealand and 

the southern region of the North Island. Recent ecological 

observations of P. have been included by 

Cranfield (1962, unpublished), Woods (1967, unpublished) 

and Hopkins (1970). These studies, however, refer mainly 

to stream populations-and also include conflicting reports 

on certain aspects of the life history. It was therefore 

necessary to describe the basic life history and food 

habits of P. breviceps in Spectacle Lakes before the 



production dynamics of the population could be con

sidered. 

The study of a small fish with a short life 

history such as P. breviceps, confined to a small lake 

system, provided a means of overcoming many of the 

difficulties inherent in studying natural fish pop

ulations. Many production studies, often because of 

economic considerations, have been restricted in scope 

to a consideration of certain age groups of the pop

ulation or have been limited by assumptions concerning 

the distribution of growth and mortality, especially 

4. 

for the less-readily captured younger fish. The situation 

examined in the present study is effectively a simple, 

small-scale model population with no exploitation by 

man, few predators, little interspecific competition 

and a simple population structure. Under these conditions, 

the contribution of different age groups to the total 

population 'production, the proportion of energy used for 

reproduction, and the efficiency of food utilization 

for production should form an interesting comparison with 

larger and more complex natural ecosystems. 

Because of the small size of the lake, however, 

several environmental factors, especially those associated 

with ~he water-level of the lake, changed abruptly during 

the study. Consequently, some of the conclusions obtained 

may be relevant only to the 13-month period of study. On 

the other hand, the changes that did occur were of suff

icient magnitude to enable detection of associated changes 

in the fish population, and therefore gave more insight 

into the factors limiting and regulating production of 

the study population. , 

A further aspe~t of the study was the absence of 

introduced fish species in Spectacles Lakes. A rare oppor

tunity was thus provided to study one species of native 
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fish uninfluenced by exotic spec s. The results should 

provide a basis for comparison with populations of bullies 

in association with salmon (Oncorhynchus tshawytsha 

(Walbaum)) and trout (Salmo trutta L. and S. gairdneri 

Richardson). 



II. DESCRIPTION OF STUDY AREA AND 

GENERAL METHODS OF STUDY. 

) 
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STUDY AREA 

A series of kettle-hole ponds of glacial origin 

extends across the Lake Coleridge basin, Canterbury, 

New Zealand (latitude 43 0 18 ' S. longitude 1700 34 ' E.). 

6. 

Two of the largest and more permanent ponds occur in 

close proximity at an altitude of 610 m and are known 

collectively as the Spectacles Lakes. The general area 

surrounding the lakes is predominantly tussock grassland 

interspersed with matagouri scrub (Discaria toumatou) 

(Fig.1).The lakes are closed, ,with no inlets or outlets, 

and generally remain separate from each other for most 

of the year. However, at high water levels, usually in 

spring, they join across a narrow neck and the fish pop

ulations are then free to interchange. 

An investigation into the population ecology of 

Philypnodori breviceps Stokell was carried out in,the 

smaller of the two lakes (Small Spectacles) from February 

1969 to March 1970. 

Local climate 

The climate at this altitude is marked by seasonal 

extremes, especially in air temperature. Air temperature, 

recorded on a maximum-minimum thermometer 50cm above 

ground level, ranged from a winter minimum of _12.2 oC in 

July 1969 to a summer maximum of 34.4oC in January 1970. 

A marked diel variation in air temperature was also 

recorded, and even in summer night temperatures frequently 

dropped to 3-4oC. 

Mean rainfall for the area is 83.8cm and the period 

of maximum rainfall is typically in spring from August 

to November (N.Z. Meteorological Service, pers. comm. ). 

Rainfall from July 1969 to March 1970 totalled 44.4cm and 

was heaviest in summer (Fig. 2a). Rainfall throughout the 

study period was low. In contrast, for the same eight-
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7. 
month period in the following year 78.5cm were recorded, 

50.9cm of which fell during the spring period from 

August to November. 

The prevailing winds are from the north-west, 

and although shelter for the lakes is afforded by the 

high rim of the lake basins, considerable mixing of the 

lake waters occurs. The wind generally increases in 

frequency and velocity during the spring and autumn 

equinoxial periods and is an important aspect of the local 

climate during these periods. 

Morphometr~ 

Both lakes are situated in steep-sided basins 

(Fig. 3), with the point of maximum depth at approxi

mately the centre of each lake. The greatest maximum 

depth recorded for Small Spectacles was 3m and the sur

face area at this time was 9,400m2 • The two lakes were 

joined £or'the first two weeks of the study perio4; the 

water levels then decreased steadily during the following 

seven months, Small Spectacles reaching a depth of only 

0.51m and a surface area of 5,790m2 (Fig. 2b). The level 

then remained constant for the remainder of the study 

period. 

To prevent Small Spectacles from drying up completely 

after the unusually dry spring period, two pipes of 2.5cm 

diameter were connected between the lakes from November 

1969 to February 1970, bringing a steady flow of water 

from the higher Large Spectacles to the smaller lake. 

A fish trap of 1mm2 mesh was used to prevent exchange of 

fish between the two lakes during this time. 

The shore line of Small Spectacles consisted prim

arely of shingle and boulders on the, southern edge and 

mud around the northern shore. A larger area of shingle 

and boulders was present in Large Spectacles associated 
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with the larger area exposed to the prevailing north

west wind. 

Water temperature 

Fig. 2c shows the mean noon water temperature 

taken at the point of maximum depth over a week period 

at the beginning of each month. Shore temperatures, 

8. 

taken at the same time, showed a similar annual cycle, 

but diel variations were much greater. Similarly, surface 

water temperatures fluctuated greatly over 24 hours comp

ared with bottom temperatures, and during the day pro

nounced stratification occured, especially in summer. 

Continous 24-hour temperature recordings on selected days 

throughout the year demonstrated that the noon tempera

ture approximated the mean daily temperature at the lake 

bottom in winter and autumn but was slightly higher in 

spring and summer. 

Ice was present on the lake intermittently from 

early June to August, 1969. Its maximum thickness was 

6.Scm but the ice thawed quickly during periods of north

westerly winds. Consequently, little snow accumulated on 

the ice and light penetration was not severely impaired. 

Chemical characteristics 

Table 1 summarizes some of the chemical character

istics of Small Spectacles. 



Table 1: Chemical characteristics of Small Spectacles 

for the year February 1969 to March 1970 

(data of stout, pers.comm.) 

Date pH Alkal Conduc Total P Nitrate Calcium 
inity tivity 

HCO; 25 0 q Ca++ 

mg/l {'-'mho s / cm mg/l mg/l mg/l 

14. 2.69 8.6 0.811 104 0 .. 11 nil 32 
9. 3.69 9.3 0.710 99 0.10 trace 28 

13. 4.69 9.5 0.707 102 0.07 nil 29 
18. 5.69 8.8 0.689 89 0 .. 11 trace 30 
1 5. 6.69 7 • 1 1.027 121 0.10 nil 42 
12. 7.69 6.4 1 .154 131 0.28 trace 45 

9. 8.69 6.8 1.268 139 0.20 nil 48 
13. 9.69 6.7 1.028 124 0.14 38 
15.10.69 9.6 1 .022 124 0.14 trace 40 

2.11 .69 -8.8 0.991 129 0.11 trace 41 
22.11 .69 9.6 0.858 125 0.40 trace 29 
14.12.69 9.5 0.877 130 
11. 1.70 9.6 0.804 127 0.04 trace 32 
9. 2.70 9.4 0.753 122 nil 29 
8. 3.70 9.6 0.759 122 0.03 trace 27 



9. 
The water of Small Spectacles is relatively soft 

compared with values given in several other fish pro

duction studies, for example Le Cren(1969), ( [Ca++J 

ranging from 27 to 48 mg/l) and associated with this is 

the relatively low conductivity (89 - 139 fmhos/cm). 

pH was measured during the afternoon on most sampling 

days and values were high for most of the year (6.7 -

9.6), whereas alkalinity values, measured as mg HC0
3
-/I, 

were moderately low. The lake is moderately eutrophic 

with a high total phosphorus content but, in contrast, 

nitrate remained low throughout the year. Seasonal changes 

in pH, alkalinity, conductivity and [Ca++] , were in

fluenced by three main factors: (1) lowering of the water 

level, (2) artificial confluence of the two lakes from 

November 1969 to February 1970, and (3) normal cycles of 

biological activity_ However, because at least two of these 

factors were acting concurrently, it is difficult to assess 

their relative importance. The effects due to lowering of· 

the lake and consequent increase of dissolved SOlids, and 

due to normal seasonal fluctuations, are confounded for 

the first seven months of the study period. However, from 

September to March the lake level remained constant and 

during this period pH increased while both [Ca+1 and [HC0
3
-] 

decreased. The use of CO2 or HC0
3

- during the day by both 

rooted plants and algae as soon as they become active in 

the spring is well documented and normally results in an 

increased pH and a decreased [Ca (HC0
3

)2] through the 

precipitation of CaC0
3 

(Ruttner, 1963). 

Biological characteristics 

The bottom sediment of Small S~ectacles was a fine

textured mud, high in organic material. Aquatic plants 

covered the entire bottom except for a 2m wide barren 
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zone around the shoreline. Elodea canadensis and 

Myriophyllum propinquum dominated the rooted vegetation, 

with an occasional patch of Potamogeton cheesmanii 

nearer the edge. In summer the growth of Elodea was 

luxuriant and at this time Elodea was the dominant 

macrophyte. In winter, however, Elodea died back and 

Myriophyllum became dominant. Large Spectacles also cont

ained these two weed species although Myriophyllum was 

more abundant in the larger lake. An extensive bloom of 

the filamentous green alga ~gnema • occurred in Small 

Spectacles during the spring but was not present in 

Large Spectacles at this time. ,However, an algal bloom 

occurred later in summer in Large Spectacles. 

Zooplankton in both lakes included Polyarthra 

and Asplanchna~. (Rotifera) (Livingstone, pers.comm.), 

Chydorus sphaericus, Ceriodaphnia dubia, Alona affinis, 

Alonella macrocopa and Simocephalus vetulus (Cladocera), 

Cyclops~. and Boeckella triarticulata (Copepoda). The 

weed and mud fauna was dominated by Chironomidae and 

Oligochaeta. Other insect larvae present included 

Xanthocnemis zealandica (Odonata), Nymphula nitens 

~epidoptera), Paroxyethira ~. (Trichoptera) and Ceratop

ogonidae (Diptera). 

Apart from Philypnodon breviceps,no fish species 

were present in the lake. Because of the absence even 

of eels, which are known to be able to disperse over land, 

it is difficult to conceive that bullies were present in 

the lake through natural causes. Both trout (Salmo trutta) 

and weed have been released into the lakes by man within 

the last 30 years but no deliberate attempt to release 

E. breviceps has been reported. It is possible, however, 

that bullies were released accidentally with the trout 

and weed. During the study period no trout or eels were 

seen or captured and it was concluded that trout, if 

present earlier, were not present during the study. 
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GENERAL METHODS OF STUDY 

Monthly production and food consumption were cal

culated for the population of Phil~nodon breviceps in 

Small Spectacles using a combination of results obtained 

for fish from both lakes. Population dynamics data were 

obtained for the bullies in Small Spectacles only, and 

to avoid interference with these fish, supplementary 

results on feeding and breeding were obtained from 

sampl~s taken from LargeSpect~cles. 

The sampling program was organised into monthly, 

bimonthly and seasonal sampling periods. 

Monthly: Small Spectacles was sampled for growth 

estimates (change in mean length of each age group of 

fish) using trap nets for fish larger than 25mm, and 

push nets for smaller fish. -Scales were removed f:r:om a 

stratified subsample of ten males and ten females from 

each 2mm length-class for age analysis, and all fish 

were returned to the population. A separate sample of five

males and five females in each 5mm length-class was taken 

from Large Spectacles using push nets. These fish were 

preserved in 10% formalin immediately after capture and 

provided material for len~th:weight:energy relation-

ships and reproductive maturity analyses. 

Bi-monthly: The population in Small Spectacles was 

estimated using mark-recapture techniques for larger 

fish and unit-volume sampling for smaller fish. Activity 

and dispe~sion of the larger fish could also be assessed 

from the same trap catches. 

Seasonal: The extent of movements of individual 

fish was measured in Small Spectacles using point-dispers

al experiments with marked fish. Fish from Large Spec

tacles were collected to determine diel feeding rhythms 
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and food consumption rates of different age groups. ' 

In addition during the 1969 breeding season fecundity 

and egg survival were measured in Large Spectacles. 

Only the methods common to the complete study will 

be considered in this section. More detailed methods 

concerning particular aspects of the study are given 

in each chapter. 

Sampling methods 

Two types of nets were used for sampling: 

(a) Trap net sampling 

Fish were captured using four trap nets modified 

from a design by Crowe (1950) (Fig. 4). Trap dimensions 

were: leader 7m x 1m, wings 1 .3m x 1m, pot 1 .2m x 10cm x 

10cm, trap opening 1m x 1m, funnel opening 2.5cm in dia

meter. The trap frame was covered with 1mm2 mesh fabric 

netting. All nets were set with the leader perpendicular 

to the shore and could be operated effectively over the 

entire lake. During June and July, when ice covered the 

lakes, the nets were lowered through holes cut in the ice. 

Sampling was carried out over a period of several 

days at the beginning of each month. Small Spectacles 

was stratified into four sectors and within each sector 

one trap was set at a random site each day using a 1m2 

grid reference. Most traps were set either in the evening 

or morning and then lifted the following morning or after

noon respectively, the order of setting among the four 

sectors being chosen randomly. 'Night' settings averaged 

12 hours duration and 'day' settings averaged 6 hours. 

A summary of trap net sampling during the study period 

is given in Table 2. Push net sampling is also included 

in this table and will be referred to in a subsequent 

section. 
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Table 2: 

Month 

1969,Feb. 

Mar. 

Apr. 

May 

Jun. 

Jul. 

Aug. 

. Sep. 

Oct. 

Nov. 

Dec. 

1970,Jan. 

Feb. 

Mar. 

13. 

Sampling record of E.breviceps for the period 
February, 1969 to March, 1970 in Spectacles 
Lakes. 

No. of 
samples 

43 ge 

36
gea 

4g 

28geam 

9g 

49
geam 

4g 

37
gea 

4g 

31 geam 

4g 

32
geam 

3
g 

27
gea 

311 

Trap nets 

Trap 
hours 

237 

203 

36 

306 

110 

426 

40 

307 

39 

262 

31 

173 

18 

190 

2,378 

No. of 
fish 

13,446 

18,738 

1 ,046 

1·1,653 

903 

5,032 

4,642 

13,312 

1 ,392 

16,382 

3,349 

16,351 

1 ,198 

12,279 

119,723 

Push nets 

No. of 
samples 

15
gpe 

2gp 

42 gpec 

2gp 

16gpe 

33
gpec 

12gpe 

3gpi 

36gpec 

2gp 

1P 

34gpec 

2?P 

2gp 

203 

No. of 
fish 

6,276 

307 

5,092 

282 

2,869 

1 ; 549 

1 ,472 

431 

1 ,470 

277 

80 

2,292 

108 

80 

22,685 

g: Samples used for growth estimates (Small Spectacles) 
e: Samples used for population estimates (Small Spectacles) 
a: Samples used for activity measurements (Small 

Spectacles) 
m: Samples used for movement experiments (Small Spectacles) 
p: Samples preserved for feeding, condition and maturity 

analyses (Large Spectacles) 
c: Diel samples for food consumption rates (Large 

Spectacles) 
i: Fecundity sample (Large Spectacles) 
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Selectivity of trap nets 

The significance of trap net selectivity in esti

mating population numbers has been recently considered 

(Latta, 1959) but the effect of this bias on growth 

estimates has been largely ignored. Few accurate mea

surements of selectivity of traps have been made, although 

this information is necessary for obtaining unbiased 

estimates of both growth and mortality. 

The selecti vi ty. of the trap nets in the present 

study was determined bimonthly from mark-recapture data. 

The proportion of marked fish captured to those released 

(rim) was calculated separately for each 5mm length

class of bullies (sexes considered separately) on each 

of the six days of trap sampling. These proportions 

estimate the probability of capture (p) of the diff

erent size classes (1). The relationship between prob-

o abili ty' of capture and size' of fish was best expressed 

after log transformation of both variables, and re

gression lines were fitted to results obtained for each 

sampling by the method of least squares. The mean and 

variance of the six successive daily probability values 

were used for each size class. An analysis of covari

ance comparison between the regression lines indicated 

that sexes were not being selected differentially at the 

5% level of significance (F values for comparison of 

slopes ranged from 0.0179 (d.f. ,11) for February 1969· 

to 8.4398 (d.f.=1,13) for March 1969; F values for com~ 

parison of elevations ranged from 0.0055 (d.f.=1,13) to 

3.5208 (d .• f. ,12) for May and February 1969, respect

ively). Common regression lines could therefore be cal

culated for combined ·sexes. The differences in select

ivity between months were also tested from the combined 

data and although differences were apparent, they were 
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not significant at the 5% level (F value for comparison 

of slopes = 1.3631 (d.f.=6,44); F value for comparison 

of elevations = 2.999 (d.f. ,50)). 

The selectivity of the trap nets could therefore 

be described adequately by a common regression line 

based on the whole year's data (Fig.5a). The regression 

equation was: 

log - 7.262 + 3.122 log I (1 ) 

95% confidence limits of the slope were ± 0.440. An 

unbiased length frequency distribution was derived from 

the observed length frequency distribution by correcting 

the distribution using the above relationship between 

probability of capture and length of fish, and an est

imate of the mean probability of capture~ The mean 

probability of capturing any fish on a particular day 

within the sampling period, 'assuming no selectivity 

effect can be, expressed as: 

where Ii is the mean probability of capture, fit is the 

mean number of fish caught per day, and N is the total 

population number. The total population number was est

imated at bimonthly intervals and these estimates (i) 
are given in a subsequent chapter; hence an estimate of' 

Ii is: 

and the observed frequency (n.) of successive length 
1 

classes can be corrected for selectivity bias by the 

expression: 
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where p. is the observed probability of capture for a 
1 

given length class, obtained from equation (1). 
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Selectivity of traps biases the mean of the sample 

and also affects estimates of population numbers where 

mark-recapture techniques are being employed. For growth 

studies unbiased'mean lengths of the samples were est

imated after the described correction technique had been 

applied (Fig.5b) and for population estimates size 

selectivity effects were reduced by stratification of 

the population into small length classes for analysis. 

Patriarche (1968) has suggested that selectivity 

of trapping devices is caused by differential rates of 

escape of fish of different sizes from the traps. In the 

traps used in this study, the mesh size of 1mm2 pre- . 

vented bullies of all sizes 'from escapingthrough.the 

walls of the trap, and escape was possible only back 

through the small funnel opening. In an experiment con

ducted in a pond devoid of bullies in December 1970, 2% 

of fish escaped during a night setting of 12 hours and 

15% during a day setting of 8 hours (sample sizes of 120 

and 195 fish, respectively). As there was no significant. 

difference between the mean lengths of the samples before 

and after the experiment (t = 0.06, P> 0.9), it was 

concluded that fish of all sizes escaped randomly and, 

therefore, little size selectivity resulted from this 

cause. 

Although the mesh size of the trap was much smal

ler than the diameter 'of the smallest fish, fish smal

ler than 25mm in length had little probability of cap

ture (Fig.5a), and other sampling methods were needed 

for these fish. Data on movements and dispersion, 



presented in a subsequent chapter, indicates that the 

behaviour of the fish is the main cause of this size 

selectivity. 

(b) Push net sampling 

17 • 

Two push nets with rollers, based on a design by 

strawn (1954), were used to supplement trap net samples. 

These nets could be used to capture fish of all sizes 

and also provided fresh material necessary for food ana-
2 lyses. The larger of the two nets had 5mm mesh fabric 

netting attached to a rectangu~ar frame measuring 120cm 

x 65cm, while the smaller net was fitted with 1mm2 netting 

on a frame of 110cm x 50cm. 

Both nets could be used effectively under ice after 

channels had been cut. The number of samples and the 

total number of fish collected by push nets each month 

are shown in Table 2. 

A conical tow net of 1mm2 mesh fabric netting, 

similar to that descrived by Faber (1968), was also used 

to sample larval fish in the surface waters of Small 

Spectacles. 

Measurement of length, weight and energy content 

Length measurements only were taken in the field. 

Both M.S. 222 and benzocaine were used as anaesthetics 

but as fish were more tolerant of differing concentrat

ions and temperatures of benzocaine solution, this 

anaesthetic was used for most of the study. Measurements 

of total length (from the tip of the snout to the end 

of the caudal fin) weTe taken to the -nearest O.1mm using 

a measuring board fitted with a vernier scale designed 

by Woods (1968). Wet weights of formalin-preserved 
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material were measured in the laboratory to the nearest 

1mg. Food was removed from the alimentary canal before 

weighing fish,and gonads were removed and weighed 

separately to the nearest 0.1mg. Parker (1963) has 

shown that formalin changes the length and weight of 

preserved fish. This effect of formalin was determined 

in the present study from a sample of 40 fish which had 

been preserved in 10% formalin for one year. Length 

decreased and weight increased, the preserved values 

being directly proportional to the fresh values over 

the entire sire range. These relationships are given by: 

Fresh length 

Fresh weight 

1 .025 Preserved length 

0.938 Preserved weight. 

All measurements of preserved fish were corrected by 

these factors before analysis. 

W€t \\reights were subsequently converted to 4ry 

weights and calorific values. For the purpos€ of this 

thesis, energy content was det~rmined for the October 

sample only, although recently workers have demonstrated 

marked seasonal cycles of calorific values; for example, 

values for Cottus gobio L. ranged from 5.5 kcal/g dry 

weight in spring to a minimum of 4.5 kcal/g dry weight 

in winter (Able, pers. comm.). Samples taken of food, 

fish (without gonads) and gonads were dried at 700 C and 

then reweigh~d to give dry weight values. The fish (wit~
out gonads) were homogenised and the calorific values 

of subsamples weighing approximately 0.02g were deter

mined using a Parr No. 1411 combustion calorimeter. 

Gonads and food samples were bombed intact. The total 

energy content of fish was determined for both sexes on 

the basis of gonad weight: body weight ratios. 

Marking 

Fish larger than 25mm were batch-marked by fin 
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clipping for population estimates and dispersal experi

ments. Different combinations of pelvic, anal, ventral 

lobe of caudal, and posterior corner of second dorsal 

fins were used for clipping throughout the study, while 

recaptured fish were remarked by removal of a coded fin 

ray from the second dorsal fin. Fin clipping was chosen 

as a marking method mainly because of the large number 

of fish which could be processed quickly by one operator. 

During marking operations a mean of 1,312 fish were 

captured, sexed, measured and marked each day. 

No mortality could be attributed directly to mark

ing. A laboratory experiment was carried out in which 

50 fish were marked with all combinations of fin clips 

and 50 were left unmarked as controls. The mortality 

of marked and unmarked fish did not differ significantly 

( 'X- 2 0.36, P 0.6) over the course of the experiment • 

.An enclosure was also set up in the lake and a similar 

experiment ·conducted. In this case, over a three month 

period, only one marked and one unmarked fish died. Long 

term mortality effects were not important, as all mark

recapture experiments extended for a maximum period of 9 

days. 

\'lhen fins were completely removed, as in the case 

of the pelvic and anal fins, little regeneration occurred 

during the year. Fish marked in February, 1969 were still 

recognizable in March, 1970. Partial fin clips, for ex

ample the removal of the ventral lobe of the caudal fin, 

regenerated within a few months however, and could be 

used only as temporary marks. 

Small fish were marked by immersion ln a Bismarck 

Brown solution (concentration of 1 :24,000 -water) for 

four hours. The fish were stained brownish-orange, 

remaining coloured for at least four days, and no mor

tality effect was observed. However, Neutral Red, another 

vital stain tested, was found to be toxic to bullies. 
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Sex determination 

Fish larger than 30mm were dimorphic and could be 

sexed externally all year round from the shape of the 

genital papilla. The papilla of the female was more 

obvious, being more bulbous in general shape compared 

with the triangular papilla of the male. The male papilla 

was also more heavily pigmented. On subsequent examin

ation of the gonads of a group of fish(50) which had been 

sexed by this method, no inaccuracies were recorded. 

Fish up to 30mm in length were sexed by microscopic exam

ination of the gonads. 

Age determination 

A method of determining the age of individual 

P. brevi~ was fundamental to the study of the product

ion biology of this species. The ability to be able to 

distinguish age groups of live specimens greatly facili

tates the computation of the production of the total 

population and the analysis of production processes. 

Woods (1967, unpublished), in his study of New 

Zealand Eleotridae, could not find a method for disting

uishing age classes of P. breviceps. However, Hopkins 

(1970) isolated age classes of f. breviceps using size 

frequency analysis, and Parrott (1934) showed that the 

scales of Gobiomorphus (Cuvier and Valenciennes) could 

be used for ageing. A combination of both these methods 

was found to be satisfactory for ageing f. breviceps in 

Spectacles Lakes. 

(a) Age determination from scales 

Scales have been used extensively for ageing many 

species of fish. The method depends on the formation of 

recognisable growth checks on the scale, which reflect 
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the past history of the fish. 

Scales of ~. breviceps, taken from the middle 

region of the side of the body, were preserved dry in 

small paper booklets and later examined under a micro

scope (x50) using a temporary mount between two glass 

slides. Fig. 6a illustrates a scale from a 75.4cm bully 

taken in November 1969. This scale shows the charac

teristic alternate bands of widely-spaced and closely

spaced circuli; the boundary between the closely-spaced 

and widely-spaced bands defines the annulus, which has 

been taken as a reference point for age determination. 

The annulus is also characteriE!ed by cutting-over of 

circuli at the ventro-Iateral and dorso-Iateral areas 

of the scale, where the wide circuli appear to cut over 

the narrow circuli. 

Some confusion exists in the literature concerning 

the nomenclature of these scal~ structures, mainly be

cause of assumptions made concerning their time of for

mation. Following the system of Berg and Grimaldi 

(1967), 'circuli' refers to the individual concentric 

ridges formed on the surface of the scales, and 'bands' 

refer to groups of similarly-spaced circuli. 'Annuli' 

are the outer boundaries of the main bands of closely

spaced circuli. lVhere small bands of closely-spaced cir

culi are present, the outer boundaries are considered to 

be 'accessory checks' as distinct from annuli (Fig. 6b). 

Time and periodicity of annulus formation 

In many age determination studies it has been assumed 

that annuli are formed once a year. As this is not always 

the case (for example 'see Yunokawa, 1961), the time and 

periodicity of annulus formation in P. breviceps was deter

mined from the marginal growth rate of the scale. This was 

described by the monthly change of the mean marginal growth 

index; the growth index for each fish is given by the 
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where G
I 

is the marginal growth index, R is the total 

scale radius and rand r 1 are the radii of the ulti-
n n-

mate and penultimate annuli, respectively. 'Key scales' 

( 4 scales away from the caudal fin and one row above 

the lateral line) were used and all measurements were 

taken along the maximum radius from the central focus to 

the tip of the anterior margin, each annulus being 

measured to the outer edge of the last circulus of the 

closely-spaced circuli band. The mean growth index was 

determined monthly for fish having the same number of 

annuli, and the weighted population mean was calculated 

from the proportion of these groups in the population. 

The monthly marginal growth index of scales from March 

1969 to Marcb 1970 1S presented in Fig. 7. As shown by 

the sharp decrease in the marginal index, the annulus 

formed on the scales during August and September. With

in this period the exact time of formation varied between 

fish, and the midpoint of this period (1st September) 

was regarded as the mean time of ring formation. 

Only one annulus formed during the year of obser

vation. The band of widely-spaced circuli formed during 

the spring and summer months when scale growth was rapid, 

and the band of narrowly-spaced circuli formed in autumn. 

Little growth occurred in winter. 

Interpretation of scales is often made difficult 

by the formation of accessory checks at irregular times 

of the year. An accessory check formed on sorhe scales 

during January 1970. "These, however, 'could be disting

uished from annuli by the smaller band of narrowly

spaced circuli and by the absence of cutting-over of 
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circuli. No other accessory checks could be detected 

from previous years. 

To validate the method of ageing, it is necessary 
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to demonstrate that annuli also form in all years of a 

fish's life as well as during the short term of study. 

This can be achieved for a fish with a long life history 

by examining the pattern of annuli-formation of fish of 

all ages and lengths (Staples, 1971). However, for a fish 

with a short life history such as P. breviceps, it was 

sufficient to compare scale readings with the length 

frequency distribution of the fish concerned. 

(b) ~determination from length frequenc~ distribution 

If fish hatch each year during a relatively confined 

breeding season and grow as a discrete group,* successive 

year 'classes will be indicated by modes in the length 

composition of the population. In Fig. 8 the number of 

£ish in each 2mm length-class is shown separately for mal~s 

and females for each alternate month of study. Three modes 

are apparent in all samples, indicating at least three 

age groups. As the whole population was represented in 

these samples, the first group must represent fish in their 

first year of life. By intern~tional convention, these 

fish are the age 0+ group, the next group are age 1+, and 

so on. 

The age of a stratified subsample of 10 fish from 

each 2mm length-class was then determined from scales. 

The resulting length frequency distribution of each age 

group for March 1969 is given in Fig. 9 and can be compared 

with the total length frequency distribution. The modal 

* Spawning of P. breviceps in Specta'cles Lakes was shown 
to be confined to three months in spring each year, and 
growth was shown to be uniform within an age group (Chap
ters 3 and 4, respectively). 
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lengths correspond to the first three age groups. Fish 

known to be age 0+, 1+ and 2+ by length frequency ana

lysis show zero, one and two annuli, respectively. This 

agreement supports the hypothesis that annuli form re 

larly each year and that accessory checks were not being 

included for age determinations, thereby validating the 

use of scales for age determination. A small group of 

age 3+ fish were not discernable on the basis of total 

length, as age 2+ fish overlapped considerably with the 

age 3+ group. However, as no overlap in length dis 

ribution of age groups occurred below 44mm in length, 

fish below this size limit could be aged simply on a 

size basis and the use of length frequency analysis 

appreciably reduced the number of scales which needed 

to be examined in anyone month. 

In practice, smaller fish were aged each month from 

the length frequency distribution of the month's sample, 

and larger fish were aged from scales. 

(c) Designation of age 

In the present study the age of fish is designated by 

both the 'year class' and 'age group' systems. The year 

class refers to the cohort produced in a given year, while 

the age group expresses the age in years according to the 

number of annuli present on the scales. A bully is age 0+ 

for the 9-month period from hatching to first ring for

mation, age 1+ with one annulus for the following year, 

and so on. For convenience, all fish were considered to 

change age designation on the 1st September, regardless 

of whether an annulus had yet formed on the edge of the 

scale. Year classes were followed separately for production 
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estimates, their age designation changing in the middle 

of the study period. Table 3 gives the year classes 

involved and their age-group designation during the 

study. 

Table 3: Year classes of r. breviceps and their age 
designation during the study period from 
February, 1969 to March, 1970. 

Year class 

1969 
1968 
1967 
1966 
1965 

February 1969-
August 1969 

0+ 
1+ 
2+ 
3+ 

Age 

September 1969-
March 1970 

0+ 
1+ 
2+ 
3+ 
4+ 



III. LIFE HISTORY; FOOD, FEEDING 

AND ACTIVITY RHYTHMS. 
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INTRODUCTION 

Breeding of Philypnodon breviceps Stokell occurs in 

late spring and summer (Hopkins and McDowall, 1970) and 

eggs are laid in a ~ingle layer in a primitive nest under 

stones. The male guards the ne until the eggs hatch, 

after ,qhich the juvenile fish live in open shallow water 

and become more cryptic in later life. The seasonal cycle 

of egg maturation and the size and age at which the bullies 

first breed, however, have not previously been known, 

partly because of a lack of an· adequate method of ageing 

the species. Recent ecological studies (Cranfield, 1962, 

unpublished; Woods, 1967, unpublished; Hopkins, 1970) have 

also given conflicting reports on several aspects of the 

life history, including the extent of the breeding season, 

presence of a pelagic larval stage and differences in 

growth rates between sexes. Other information on the 

species is widely scattered and is included in a bibli

ography of the indigenous freshwater fish of New Zealand 

compiled by McDowall (1964). This literature, however, 

provided little additional information on the species' 

biology relevant to the present study. 

Hopkins (1970) showed that the diet of ~. breviceps 

in a stream was composed essentially of larval Ephemer

optera and Chironomidae and there appeared to be little 

competition for food between bullies, trout (Salmo trutta 

L.) or eels (Anguilla australis schmidti Phillips and !. 
dieffenbachi Gray). There has been little information 

published.on the feeding of bullies in lakes, and the 

population in Large Sp~ctacles presented an ~pportunity 

to determine the role' of these small hative fish in a 

lake ecosystem devoid of introduced fish species. 
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As the trophic relationships within an ecosystem 

are part of a dynamic, not static, process a descrip

tion of food habits must include diel, seasonal, sexual 

and age differences in feeding as well as the temporal 

distribution of feeding and locomotory activity. Many 

species of fish are known to exhibit periodicity in 

feeding. However, standard methods for determining 

feeding rhythms, which simply measure changes in the 

total weight of stomach contents, indicate only app

roximately the feeding chronology of fish (Darnell and 

Meierotto,1962). The rate of food passage must be mea

sured as well as stomach weight changes, in order to 

calculate the dynamics of food intake. As part of a 

larger experiment designed to measure daily food con

sumption of f. breviceps under natural conditions in 

Spectacles Lakes, food passage rates were measured over 

four-hourly intervals and, consequently, feeding period

icitiescould be described in terms of food actually 

ingested in each interval. Diel locomotory activity of 

fish was also investigated in an attempt to relate loco

motory activity rhythms to feeding periodicities. 

The aim of this chapter is therefore to (1) describe 

the basic 1 e history of f. breviceps in Spectacle 

Lakes, (2) examine the food and feeding rhythms of the 

population, and (3) relate feeding rhythms to locomo

tory activity. 

METHODS 

Life history 

A total of 1039 bullies were collected from Large 

Spectacles at monthly intervals from March 1969 to March 

1970, to provide information on maturation of gonads, 
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time and duration of the spa,ming season and size and 

age at first maturity. Fish were captured with a push 

net; the total length, body weight (minus gonad), gonad 

weight and the age were recorded for each specimen after 

preservation in formalin. 

The development of gonads and the time of spawning 

were determined for both sexes and all age groups from 

changes in the maturity index, which was calculated as 

the gonad weight (x100) divided by the body weight. 

Ovaries were removed from the August to January samples 

and the maximum diameters of all eggs larger than 0.15mm 

were measured (bymicromeier eyepiece) from a subsample 

of the combined ovaries of all females larger than 30mm 

in length. From a monthly average of 340 eggs from 20 

females, the size frequency distribution of eggs was 

followed throughout the breeding season and the number of 

egg batches laid by each female derived. Macroscopic 

examination of gonads from the October sample (n=97) ena~ 

hl~ddetermination of the size,and age of fish at first 

maturity. Gonads were classified as mature or immature on 

criteria similar to those described by McDowall (1965) 

for Gobiomorphus huttoni (Ogilby). The presence of secon

dary sexual characters in males (fully developed genital 

papilla and distinctive colouration) were found to be not 

necessarily indicative of sexual maturity. 

An experimental study area (7.5m x 3.7m) within the 

main spawning region was also constructed by completely 

clearing the area of rocks greater than 2cm in diameter 

and then numbering and replacing three hundred rocks of 

three size groups. Each month all nests were cleaned from 

the area and the numbe'r of ne sts laid in the' subsequent 

four days were counted, providing a measure of the fre

quency of egg-laying during the spawning season. Early 

life-history stages were then followed by enclosing sel

ected nests in cylindrical fr.ames (1.0m in diameter and 

0.5ill high) covered with fine mesh netting, and collecting 



larvae at various stages of development. Continuous 

temperature recordings were taken throughout the ex

periment. 
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Other observations on later stages of the life 

history were made in conjunction with the study of pop

ulation dynamics presented in Chapter 4. 

Food habits 

Age 1+ fish collected as part of an experiment 

designed to examine feeding rhythms and daily rations 

at different times of the year, were also used to in

vestigate diel changes in food. habits from stomach ana

lyses. A total of 425 fish (sample numbers ranged from 

9 - 31) collected every 4 hours over three seasonal 24-

hour sampling periods were used. Fish were preserved in 

10% formal immediately after capture and stomachs were 

later removed and food items identified and sorted using 

a dissecting microscope. 

After examining diel changes in diet, seasonal 

changes as well as differences in diet between sex and 

age groups were examined from material collected at 1400 

hours, bimonthly, from Large Spectacles. The fish were 

aged from scales, the stomachs removed and food items 

identified and sorted. 

To facilitate food analysis, stomach contents of all 

fish of the same age and sex group were combined before 

sorting and counting. This procedure greatly reduced the 

time needed for food analysis, although individual vari-

ation feeding could not be measured. However, information 

on the composition of the diet of separate age and sex 

groups could be quickly derived and food habits analysed. 

Diel, sexual, seasonal and ~ge oup differences in 

diet were examined by testing for independence in the 

frequencies of the major food categories between samples 
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(RxC contingency test, G statistic,; Sokal and Rohlf, 

1969). Because of the sensitivity of this test to the 

contribution of individual variation between fish to 

the sample differences being tested,analysis of vari

ance techniques were also used for determining differ

ences between sex, season and age. The main effects of 

these factors were examined by a four-way factorial 

test without replication. To satisfy the assumptions 

of normality and homogeneity of variances inherent in 

this test, the data was transformed by log (X + 1). 

Dry weight composition of the major food items was 

calculated for all monthly samples from the mean dry 

weight for the different organisms obtained from a 

single monthly sample taken in October 1969. Because 

of the possibility of older fish eating larger indi

viduals of the same food species, dry weight values of 

food organisms were determined separately for each age 

group of fish. 

Feeding rhythms 

Diel feeding patterns were examined for the 1967 year~ 

class fish (age 1+) at three-monthly intervals during 

1969, and a comparison between age groups was made during 

the· summer. Fish were collected with a push net every 

4 hours throughout a 24-hour period each season and the 

experiment was replicated the following day. A total of 

2856 fish were captured, over all experiments combined, 

sample numbers at each sampling time averaging 90 (range 

56-97), 37 (range 23-50), 31 (range 20-56) and 61 (range 

45-78) for summer, autumn, winter and spring, respectively. 

Half of each sample was fixed in 10% formalin immediately 

on capture while the .remainder were held for four hours 

without food in a tank immersed in the lake, before being 

preserved. In the laboratory, the total dry weight of fish 

and total dry weight of gut contents at each sampling time 

were determined for each age gxoup and sex. Both iish and 
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gut contents were weighed to the nearest O.1mg in a 

moisture-free atmosphere using stable aluminium con

tainers weighed at a constant temperature. All gut con

tents were expressed as mg per gram of fish. 

The amount of food consumed over any four hour per

iod could be determined from the mean weights of gut con

tents of two successive samples (G1 and G2 ) and from th0 

mean weight of gut contents remaining in the fish kept in 

the food-free tank over the same period (G1b ). The fish 

kept in the tank without food gave a measure of the amount 

of food lost from the gut (either assimilated by the fish 

or passed out as faeces) over the four hour period (L): 

(1 ) 

In the lake, however, where the fish could still actively 

feed, the difference in gut contents of two successive 

samples. was' a result of the ,relative amounts of food con

sumed (I) and food lost (L) over the period: 

(2) 

Substituting for L from equation (1), equation (2) be-

comes: 

Thus, the amount of food consumed over any four hour 

pe od is equal to the difference, at the end of the per

iod, between the gut contents of the fish feeding in the 

lake and the fish kept, for the same period in the food

free tank, providing that the rate of food passage through 

the gut is the same in both groups of fish. 

A preliminary experiment conducted in October 1968 
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indicated that use of stomach contents alone as first 

suggested by Bajkov (1935), underestimated the food in

take of bullies, as it was found that food was capable 

of passing completely through the stomach in less than 

four hours. Total gut contents were therefore considered 

in all analyses. 

Locomotory activity 

Stratified random trap net sampl~s were taken in 

Small Spectacles over a 7-day period at the beginning 

of each alternate month. In the sampling program des

ignedprimarily to estimate population numbers using 

mark-recapture techniques, most of the trap net sampling 

was divided into tlvo periods. Nets were set each evening 

and lifted the following morning; they were then reset 

in a·new location and lifted again in the afternoon. 

Although the former period included the dawn and several 

. hours of daylight, it lvas considered to be the 'night' 

period as compared with the more strictly 'day' period. 

Since fish swam voluntarily into the trap nets, the· 

catch over any period reflects the locomotory activity 

for that period (stott, 1970). The catch per unit time was 

therefore used to estimate activity, but as changes in 

density throughout the year would also affect catch rate, 

an activity index (AI) was calculated as: 

n 

AI -- t 
A 

N 

where n is the number of fish caught, t is the duration 

of the trapping period (in hours), A is the surface area 
A 

of the lake and N is the estimated total number of fish 

present at the time of sampling. The.presence of seasonal 

and diel activity rhythms could then be investigated for 

each sex and age group from trap catches. 
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RESULTS 

The section concerning life history includes a des

cription of arbitrarily-defined life history stages in 

chronological order. The more dynamic aspects of the life 

history concerning fecundity, growth and mortality are 

included in Chapter 4. 

Examination of food habits and feeding rhythms of 

P. breviceps follows the life history section, while the 

last section deals with locomotory activity. 

LIFE HISTORY 

Maturation of eggs in the ovary 

Three categories of eggs could be recognised in the 

ovaries of mature females just prior to the breeding 

season. Th~se were (1) small transparent eg~s wit~ dis

tinct granulated nuclei (0.00 to 0.18mm maximum diameter); 

(2) creamy white, semi-opaque eggs (0.10 to 0.90mm ); (3) 

large, yellow, opaque, mature eggs which became more trans~ 

lucent at maturity (0.80 to 1.60mm ). The monthly size 

frequencies of eggs larger than 0.15mm (mainly cate-

gories 2 and 3 ), based on eggs from a monthly average 

of 20 fish, are sh01Vll in Fig. 1 for the period August, 

1969 to January, 1970. Three size groups can be disting

uished before breeding (October) and only one group after 

breeding (January). Mean diameters were determined using 

the method of Cassie (1950). McDowall (1965) interpreted 

a similar" size frequency pattern of eggs of Gobiomorphus 

huttoni (Ogilby) "to indicate two spawnings for each female. 

The median-sized group of eggs wer"e considered to mature 

after the larger eggs were shed, although no females with 

fully ripe eggs recognisable as the median group were found. 
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For~. breviceps in Spectacles Lakes, the mature eggs of 

category (3) increased rapidly in diameter from August 

to October (Fig. 1) and, at a size comparable to eggs 

collected from nests in the field, decreased in numbers 

during October, November and December. The eggs of the 

median group, however, did not increase significantly in 

mean diameter even during the breeding season. They were 

still present in the ovaries at the'beginning of December 

but were not evident at the beginning of January. As these 

eggs did not reach a size comparable to those in nests 

and as spawning activity during December was low (Fig. 2), 

it was concluded that these eggs were resorbed rather 

than shed during this month. The observation of collapsed 

eggs of ,this size group in some ovaries supports this con

clusion. 

Time and place of spawning 

The arinual reproductive cycle as indicated by the 

maturity index (gonad weight X 100 / body weight) is 

shown in Fig. 2. The figure for females also shows the 

estimated mean number of nests laid per day during the 

breeding season. As shown by the decrease in female gonad 

weight relative to the body weight and by the number of 

nests laid, breeding was confined to October, November 

and December. Spawning started slowly in October, the 

less numerous older female fish spawning first. Spawning 

activity showed a marked peak in November when most of 

the 1967 year-class ( age 2 + at the time of spawning) 

were spawning. Only a few late spawners and young fish of 

the 1968 year-class spa,vned in December. Males showed a 

similar reproductive cycle, except that the maturity index 

of both the 1967 and ,1968 year-classes remained low, in

dicating that few, if any, of these fish were sexually 

mature. 



.. ( \ 
I 

1 
) . 



III 

14 

12 Females 

10 

8 

>. 
ctl x 
"0 Q) 

............ "0 
"0 c: 6 Year class Q) III 

E >. 

/', I. 
o 1968 

.... ..... 
• 1967 0 06 -.:: 

"4- ::> III 1966 
fJ) ....-

...... ctl 4 fJ) 
~ Q) 

z • 111/ 
11/-. 

2 111- 111 -::;::;-......-::: __ - III 

II~· III -;::;. • 
0""--0 

-0 

0 

Males 

2 ./.---. . ...-.\ 
111-- 111 -

0 
M A M J J A S 0 N D J F 

1969 
Time(months} 

1970 



35. 
All spawning was confined to the shingly shore region 

of the lake and eggs were always found on the underside 

of rocks, usually with a male in attendance. \'/hen equal 

numbers of three size groups of rocks were provided in 

the spaw-ning study area, 70% of nests were formed under 

rocks larger than 15cm in diameter, compared with 28% 

under rocks 5-15cm in diameter and 2% under rocks less 

than 5cm in diameter. These larger rocks, however, which 

appeared to be preferred as nesting sites, were not 

numerous in the lake. It is also interesting that two or 

three nests lvere often present under the same large rock 

rather than under an adjacent smaller rock. At the peak 

of the breeding season (November) 61 males occupied nest 

sites in the spawning study area of 16.65m2 , giving a 
2 mean territory size per male of 0.27m • 

Larval and juvenile fish 

Eggs developed to hatching in a meant1me of 33 days 

in October (no. of nests =4) at a mean temperature of 

14.4°C,whereas only 24 days were required in November 

(no. of nests =5) when the mean temperature increased to 
o 17.5 C. Hatching of eggs from a single nest extended over 

a mean period of 10 days in October and 8 days in November, 

the male remaining with the nest until all the eggs had 

hatched. 

The newly-hatched alevin has a large yolk sac and 

1S similar in general morphology to that described by 

McDowall (1965) for Gobiomorphus huttoni (Ogilby). The 

mean length of an alevin wi thin two days of hatching 'vas 

5.05 ± 0.04mm (n=53). Pectoral, but not pelvic, fins are 

present on hatchlng and the dorsal fin is broadly contin

uous ,vi th the caudal _and anal fins. Fin rays are evident 

on the caudal fin only. Growth and development proceed 

rapidly, the yolk sac becoming reduced and the dorsal and 

anal fins forming within 8 days of hatching. The yolk sac 
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then becomes completely absorbed, pelvic fins develop 

and the fry begins feeding in the open water of the 

lake. A gradual movement from a pelagic to a benthic 

habitat then occurs during the first six months of life. 

Cranfield (1962, unpublished), in contrast, con

sidered that young ~. breviceps in Lake Georgina, 

Canterbury hatch and commence eding in a habitat sim

ilar to that of adults. However, the open water of the 

lake was not sampled in his study, and the generali

zation made by Hopkins and McDowall (1970) that ~. 

=..;;;;...;....;;;;.,;::.....:;.,..t:;.,;:;;.' unlike other species of New Zealand Eleo

tridae, has no pelagic larval stage needs further exam

ination. Woods (1967, unpublished) considers that all 

species of New Zealand Eleotridae are active immediately 

after hatching and maintain themselves near the water 

surface without resting on the substrate. His laboratory 

observations are supported by the present study in 

Spectacles Lakes where juvenile fish remained pelagic for 

at least six months. 

Size and age at maturity 

For each age group, the percent frequency of mature 

fish in each 5mm length-class in October (just prior to 

breeding) is shown in Fig. 3. Maturation of both females 

and males was dependent on the size of fish rather than 

age, females maturing at a smaller size and less variable 

age than males. Only 3% of the 1968 year-class females 

(age 1+ ) matured during the 1969 breeding season. These 

were all among the fastest growing fish which were at 

least 30mm in length by October. In the age 2+ group, 84% 

of the females were sexually mature, whereas 'all females 

three-year-old and older spawned. In contrast, no males 

became sexually mature in their first year of I e (age 1+) 

and only 12% were mature in their second year; 93% of 
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males had matured by the third year, and 100% breeding 

for males was observed only in the four-year-old age group. 

Males are larger than females at successive ages, 

and both sexes were found to live to a maximum of 4.5 

years. Further aspects of the growth, mortality and sex 

ratio of the population are considered in greater detail 

in the following chapter. 

FOOD HABITS 

A variety of food organisms were eaten by P. breviceps 

ln Large Spectacles during the. year March 1969 to March 

1970. However, within a particular age and sex group at any 

one time only a few species predominated. Chironomidae 

( 3 species), Cladocera (4 species), Oligochaeta (2 species) 

and Copepoda (2 species) formed the most common constit

uents of the diet. Other food items included Trichoptera 

larvae (Paroxyethira • ), Odona ta larvae (Xanthoc.nemis 

z alandica , Lepidoptera larvae (Nymphula nitens and 

Oribatidae. Cannibalism occurred regularly, the younger 

members of the population becoming prey to the larger fish; 

Eggs of P. breviceps were also eaten, particularly by male 

fish during the breeding season. Bullies in Spectacles 

Lakes are therefore basically benthic carnivores. Most of 

the spec ies eaten are characteristica'lly weed and bottom 

dwelling species (Stout, 1969) and all are common in the 

weed and bottom mud of Large Spectacles (Livingstone,1970, 

unpublished). 

Diel changes in diet 

An average of 2,352 (range 1794-3574) food organisms 

were identified and counted each season from samples of 

age 1+ fish taken every 4 hours throughout a 24-hour period. 

Each season, and in both sexes, there were significant 

differences in the proportions of cladocerans, Copepods, 

oligochaetes, chironomids, caddis larvae and damsel fly 
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larvae in the stomachs of fish collected at different 

times of the day (G statistic values ranging from 71 .39 

to 170.41 compared with critical l(~.01 value of 50.90). 

No significant differences were found between sexes at 

anyone sampling time (G values from 1.94 to 13.93 com

pared with critical X~.01 value of 15.10), indicating 

that similar diel changes occurred in both sexes. Changes 

in diet, were not well defined, but did show cyclic trends 

during the day (Table 1). 

Table 1: Diel changes in centage food composition. 

(n= total number of food organisms, A= Cladocera, B= 

Copepoda, Oligochaeta, and Chironomidae) 

Time April July October 

(hours) n A B C D n A B C D n A B C 
% % % % % %% % % % % 

D 
% 

1000 219 38 16 22 25 ,288 9 11 2 78 306 13 48 1.3 26 
1400 313 43 15 23 20 146 7 29 3 61 398 fo 55 12 23 
1800 324 .28 16 35 21 316 3 6 3 88 427 16 51 9 25 
2200 276 28 11 34 27 91 3 10 1 86 477 9 60 9 22 
0200 168 65 7 15 13 166 5 8 - 87 805 9 71 6.14 
0600 159 62 17 22 1 6 236 1 8 - 91 608 10 57 9 23 
1000 303 43 9 31 17 313 4 8 1 87 256 12 46 11 31 

In the autumn samples (April), a higher proportion of Clado-

cera Ivere found in the stomachs of fish sampled during the 

day than during the night, whereas chironomids and oligoch-

aetes contributed. proportionally more at night. A reversal 

of this condition occurred in October, when copepods were 

more important during the night and chironomids during the 

day. As all types of food are capable of passing completely 

through the small stomach of P. in,a matter of a 

few hours, these diffsrences in food .composition can be 

taken to indicate changes in food habits rather than dif

ferential digestion of the food organisms. In general, at all 



times of the year except spring, free-swimming prey 

species were eaten more during the day than during the 

night. 

Differences in diet due to sex, season and age 

39. 

Because of the observed diel changes in the pro

portions of food items present in age 1+ fish, compari

sons between sex, seasons and age are based on samples 

taken at 1400 hours on. the day of sampling. 

The basic numerical data are presented Table 2, 

1vhich gives the composition of the diet for each age group 

of both sexes at different times of the year. For analysis, 

however, differences between sexes were considered first, 

followed by differences between seasons and age groups. 

TIifferences in diet between sexes 

Differences in feeding habits between sexes were ex

amined only' in age 1+ and 2+ fish, as too few age .3+ fish, 

were sampled. In all months except January, no significant 

differences 1vere found in the food habits of young males 

and females, using the contingency test, but significant 

differences were found in older fish (G values ranging 

from 4.11 to 12.81 for age 1+ fish, and from 24.91 to 

112.76 for age 2+ fish, compared with critical ~.01 of 

18.5). Analysis of variance, however, indicated that in all 

age groups no significant differences sted between sexes, 

Although the results of the two tests were inconsistent, 

males of the age 2+ group appeared to be feeding more on 

larger organisms which included oligo~haetes, chironomid 

larvae, caddis larvae, moth larvae and damsel fly larvae. 

Differences appea~ed to be related mainly to the size 

differences between the sexes at the same age, as attested 

by females of age 2+ group having similar food habits to 

those of the younger males. 



Table 2: Number of different food organisms recorded'in 'stomachs of P. breviceps 
on alternate months of the year March 1969 to February 1970-:- - ---
(Insect species refer to larvae unless .othet:Vise stated). 

Age ~ o l~ 10" 9 0" 30" 0 
MaX 

12 10" 2~ 2<13030" 0 
JU1~ 

HI let 9 20" 3930" 
Se~tember November 

29 0" 39 3e1' 4940" 1Q lei' 2Q 2e1' j;? 3<14940" 
Janusn; 1970 

1Q 10' 20' 3ncr 
Cln.doc('rll 

Aloou affio;,; 4 11 14 9 3 - 9 38 2~ 6 1 3 5 17 3 2 3 4 1 2 22 2 1 9 8 3 16 34122 62 2 2 
Alonell" mncrocopa 3 9 4 B 1 - 1 30 21 " 2 8 2 92 4 28 9 8 19 1 2 6 7 4 -
Chydoru,; sphuRricuM 58 30 7 5 5 - 19 7 3 5 4 1 2 - 1 1 12 - 4 3 1 2 1 2 - 3 2 6 2 -
Hinlocepllfllus vetulu~ 2 22 23 14 11 - 2 13 7 1 3 ') 2 - 8 ') 1121218-
MuC'rothrix ~. 1 - - - - 1 

Copppoda 
('l' (' 1 <) 1''' .':!.J!.. 14 43 36 61 16 15 52 33 9 4 5 12 37 12 24 8 5 22 -13 5 3 2 - 15 8 11 38 '5 2 - 6 12 5 4 2 4 
flo",'h"ll" .':!.J!.. 1 1 1 11 1 2 15 45 9 5 1 - 45 7 1 2 3 6 <) 8 1 ') 2 1 1 

2 1 5 2 3 6 1 2 1 2 1 1 1 -

11 40 17 18 18 - 11 27 51 11 24 8 - 17 17 6 15 '5 7 8 4 16 432 2 - 12 12 2 ') 11 9 27 <) 9 9 6 
~. 2 2 3 4 2 1 3 4 5 2 2 1 1 1 1 4 2 4 1 1 2 1 2 
.':!.J!.. 1 1 1 - 1 7 1 2 1 2 - 1 1 - 1 

n 
zcalaodicus - 4 6 7 9 4 16 14 2 2 2 3 3 11 ) 8 1 ') 3 2 ') 6 - 1 2 2 3 

pupae 3 - 2 14 2 ') 8 7 - 4 2 1 
Orthoc 1 lid i UR -'!.£. 1 '5 <) 6 7 4 28 17 1 73- 8 58 47 39 69 8 14 4 26 67 3 425 31 28 42 68 2 2 3 17 20 11 -

" " pupae 1 1 2 1 1 15 2 16 32 2 2 4 2 5 4 2 
.':!.J!.. 2 11 3 2 2 - 4 9 8 7 42- 4 8 5 6 2 9 2 3 1 - 1 4 - 4 3 ') 1 -

" pUp'LR 1 5 5 2 3 1 _ 1 

Cera topogonidlle 1 - 1 
Trichopt<'ru 

Pnro:x:r('lthirn ~. 2 2 ') 1 - - 10 - 12 - 14 3 3 - 4 - - - - 2 -
L('pillopl ('I'LL 

Nvmphula nitens 3 - 2 2 4 - 1 1 - 1 -
OdOIl"tu 

zealuodica - - - 1 - ') - 3 ') - 1 -

~ 1 
Acur l1a 

Oribatidae 3 3 2 3 - 1 - - 1 - 1 - - - 1 _ 

GaM tropoda 
antiEodarutn 3 1 1 

5 3 
Tel "Oli 1"<, i 

PhilvEnodon breviceEs eggs- - - - - 5 - 3 
f. hrevicep. juveniles 1 - 2 - 1 2 - 2 1 

Charophytu 
Cbara australis {oogonial - 4 1 

Other vegetation 9 6 3 - 4 3 3 - - 4 10 

No. of fish sampled 8191910163 10 16 22 11 17 2 1 11 15 17 6 16 2 4 9 20 26 11 15 2 12 6 25 20 8 15 4 13 16 10 17 5 10 



Seasonal and age differences in diet 

Significant changes in diet, as tested by the G 

statistic, occurred both during the ar within each 

40. 

age group (G values of 283.58, 379.15, 653.64 and 105.48 

for age 0+ - 3+ respectively, compared with critical 

~.01 value of 57.34) and between age groups in all 

months of sampling (G values ranging from 131.04 to 
2 

283.57 compared with critical XO•01 value of 38.9). 

Analysis of variance revealed significant differences due 

to age only (F value= 8.529 for 2,252 degrees of freedom). 

However, changes age are, of necessity, associated 

with changes in season and these differences are best con

sidered together. Although both seasonal and age differences 

are apparent in Table 2, these differences are more clearly 

demonstrated in Fig. 4. Dry weight composition has been 

used in this figure for comparison with the numerical re

sults, which tend to overestimate the importance of small 

food organisms, e cially in the older fish. 

Crustaceans edominated in the diet of young fish 

but became increasingly less important with increasing age; 

whereas insect larvae (except chironomids), oligochaetes 

and juvenile E. breviceps became relatively more important. 

Chironomidae formed an important component of the diet, 

especially of age 1+ and 2+ fish. No Trichoptera, Lepid

optera, Odonata or E. breviceps were eaten by fish less than 

one-and-a-half years old. 

Seasonal changes in diet which accompanied the over

all changes with age are shown in both Table 2 and Fig.4. 

These differences are most striking in those groups of food 

organisms which occurred in the greatest numbers in stomach 

contents, i.e. CladoQera and Chironomidae. Cladocera, esp

ecially Alona and Simocephalus, were a more important sum

mer food whereas chironomids, especially Orthocladius, con

stituted a high proportion of the winter food. Young 
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f. breviceps and damsel fly larvae tended to be eaten 

more by the older fish in spring and summer. 

41 • 

Hopkins (1965, 1970) considered that the feeding 

habits of P. breviceps in several streams differed wide

ly among age and/or size groups, the younger groups 

feeding most intensively on chironomid larvae, whereas 

Deleatidium~. (Ephemeroptera) replaced chironomids in 

the diet of older fish. In the lake habitat, contrast, 

weed-dwelling Crustacea were utilised as food, and in

stead of Deleatidium, (which was not present) other 'large 

insect larvae and juvenile f. breviceps were eaten. 

From comparison between these streams and Spectacles 

Lakes, f. breviceps therefore appears to be adaptable in 

its feeding habits, although preferences for different 

food items under experimental conditions have been de

tected by Crumpton (1968, unpublished). Crumpton found 

that tubificids, lumbriculids, chironomids, copepods and 

large clad6cerans were seleoted by small f. breviceps in 

preference to molluscs, hemipteran larvae and caddis 

larvae. Species of all these groups are present in Small 

Spectacles (Livingstone, 1970, unpublished). However, 

although the preferred foods found by Crumpton were ob

served to be the most common diet items of small fish, it 

is difficult to conclude whether ~ breviceps in Small 

Spectacles were selecting these foods, without further 

formation on the relative abundance and behaviour of the 

food items in the lake. 

In Spectacle Lakes~. breviceps can be considered to 

occupy the secondary consumer trophic level, preying predomi-

. nantly on,herbivores and detritivores, although as with 

most animals, an 'exact trophic level classification is ' 

difficult to achieve., Predation on f~ breviceps by other 

animals is slight. One pair of r~sident white-faced herons, 

Arde~ novaehollandiae, and an occasional transitory little 
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shag, Phalacrocorax melanoleucos,were the only bird 

predators observed. Black-billed gulls, Larus bulleri, 

fed extensively on bullies which had died from other 

causes. During periods of high mortality as many as 80 

gulls could be seen scavenging on dead bullies floating 

on the surface of the lake. 

FEEDING RHYTHMS 

Diel feeding rhythms 

The feeding intensity of age 1+ fish (1967 year

class) showed a marked diel periodicity (Fig. 5). During 

the summer, autumn and winter ,seasons, feeding increased 

during the day in both sexes and was maximal in the 

early afternoon. The feeding peak, however, appeared to 

occur later in the day during winter. A day-to-day 

variation was recorded in the amount of food eaten during 

any 4-hour period but on both days of sampling, feeding 

followed a similar diel pattern. In spring, feeding in

tensity at night was also high and the diel pattern ten

ded to be bimodal rather than unimodal, with a lull in 

feeding before dawn and again during the middle of the 

day.It was also during this spring period that a change 

in the diel diet composition was noted (in the previous 

section) when during the night, chironomids became less 

important and copepods occurred more frequently in the 

food. 

In contrast with the situation in Spectacle Lakes, 

P. in Lake Grasmere fed predominantly on 

Deleatidium larvae and feeding in the spring was con

fined essentially to the day period. 

Food passage rate of age 1+ fish was higher in all 

seasons during the day than at night; and was positively 

correlated with both water temperature and amount of 

food in the gut (mean mUltiple correlation coefficient 

over all experiments = 0.742, correlation coefficient 

for temperature and food passage rate = 0.368, corre-



) 



16 

12 

8 

4 

o 

12 

-;; 8 
"'Cl
E 
.; 4 
Q) 

E 
::I 
III 0 
c: 
o 
o 

"0 8 
o 
o u. 

4 

o 

12 

8 

4 

o 

Jan. J Males Females 

r /"1 I/-·-l\ '1/1 \1/1 / k. - - -
Apr. 

'-1/1 --I 
/!/I--r",! 

~--f 'f 
Jui. /! 

j/!-I-kj I-I \ 
t-i/ -.--1 i/ ". 

Oct. 

r 

! 

-1-\ "kj 
j 

...- - -0000 0600 1200 1800 0000 0000 0600 1200 1800 0000 

Ti me (hours) 



.. it) fi 

) • 
(V cu, 

e f)"x'ea,s ica ~ .. { 

'J of 
~) ,., 

" 



16 

12 

8 

4 

OJ 

~o 
E 
"0 
(!) 

E 
~ 8 
c 
o 
t) 

"0 4 
o 
o 
u. 

a 

8 

4 

a 

Age 1+ Males Females 

)" 
"l/J \1,1 ./ I~ 
~ - - -

Age 2+ 

• /0"0 /\ . .---
° \ Ir. / .'. .......... -- / ._" .. 

~ - - -
Age 3. 

11"" 
.. 

/ • ""'- .................... / .. .. . 
- -0000 0600 1200 1800 0000 0000 0600 1200 1800 0000 

Time(hours) 

.--

J 



43. 

lation coefficient for amount of food and food passage 

rate == 0.677). 
Therefore, during summer, autumn and winter, both 

food intake and food loss (digestion and/or excretion) 

were higher during the day than during the night; in 

spring, food loss, but not food intake decreased during 

the night, when there was a lower correlation between 

food loss and temperature (r= 0.172). 
The time of feeding also varied with age (Fig.6). 

During summer both age 1+ and fish were feeding main-

ly during the day, whereas age 3+ fish were nocturnal 

fee/ders. Age 1 + fish also tend,ed to spend a longer time 

feeding than did the other two groups and consumed 

greater amounts of food relative to their body weight. 

Seasonal feeding rhythms 

Fig. 5 also shows a seasonal change in the amount 

of food corisumed by the 1967 year-class. Food consum

ption was highest during the summer months when it 

approximated 5% of the sh's body weight per day, but 

dropped to less than 2% in winter. Intermediate feeding 

levels occurred during autumn and spring, although in 

the spring period fe ing extended over a longer period 

during the day and food consumption was slightly higher 

than in autumn. 

LOCOMOTORY ACTIVITY 

Diel activity rhythms 

The number of fish of each age group captured in 

the 'day' and "night'sampling periods in every second month 

is presented in Table 3. Significant.departures from an 

expected equal catch between 'day' and 'night' at the 

5% and 1% levels of significance are shown; the expected 
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catch was calculated from the total monthly catch of 

each age group and the proportion of trap hours in each 

period (G statistic, Sokal and Rohlf, 1969). Catches 

differed significantly between 'day' and 'night' at the 

1% level in 39 out of 46 differences tested (G values 

ranging from 7.74 to 2932.07 for criticaIA~.01 of 6.63). 

These differEnces were considered to indicate the presen

ce of diel activity rhythms. There was also agreement in 

the kind of difference (positive or negative deviation 

from the expected) between sexes within each age group. 

This shows that the timing of diel locomotory activity 

was similar in both sexe~ throughout the year, (the only 

exception ,.,as age 2+, Harch 1970). Sexes were therefore 

combined for further analysis. 

The catch per hour was determined for each sampling 

period and expressed as a percentage for each age group 

(Fig. 7). Diel locomotory activity rhythms differed with 

both age and season. In summer and autumn, young fish 

(age 0+ and 1+) were more active during the 'day', where

as older fish (age 2+ and 3+) were nocturnal. This pat-. 

tern of activity, however, was not apparent in winter 

(July) when all age groups, including the older fish, 

were 'day' -active. In d ct contrast, in the next month 

of sampling (September) all age groups were 'night' -active, 

but in November no difference in diel activity could be 

detected in any age group. By the following summer, young

er fish were again 'day' -active and older fish 'night' 

-active, as observed the previous summer (March). 
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Table 3: Number of ~. breviceps in 'day' (Dy) and 'night' 

(Nt) sampling periods each month. ( no. of samples in 

each period) 

Females Sampling 
period N 

Mar. Dy 12 

1969 Nt 3 

Trap 
hours 

74 

33.5 

Juv. 
0+ 

128 
~* 

1769 174 101 
** 121 

1 + 2+ 3+ 4+ 
1021 228 24 

May Dy 12 

Nt 12 

85 

155 

Jul. Dy 23 103.5 

.Nt 24 323 

** *7( 405 176 

100 290g 212 34 
** ** ** ** 16 2469 1204 251 

385 1921 176 36 
** ** ** ** 141 633 138 38 

** ** * 166 146 23 

1490 215 15 
** ** ** 898 630 88 

1333 223 24 
** ** ** 336 114 22 

Sep. Dy ·21 130.5 

Nt 15 170 

2374 84 7 1299 124 7 
** ** ** 4690 492 69 ** ** ** .2880 66.0 59 . 

Nov. Dy 15 93 3809 121 32 2377 150 13 
** ** Nt 14 155 5258 181 54 3366 270 23 

Jan. Dy 

1970 Nt 

16 

6 

56 

52 

Mar. Dy 18 73.5 

Nt 7 116.5 

2039 1269 49 5 
** ** ** 775 840 49 22 

16 1314 1344 64 
** ** ** ** 6 1300 2873 152 

1469 1173 15 
** ** 822 556 16 

1288 1516 72 
** ** ** 817 1916 205 

* significant departure from 1:1 ratio at 5% level 

** significant departure from 1:1 ratio at 1% level 

As the differences observed between months could have 

been due to differing ,proportions of dark and light hours 

in the 'night' sampling period throughout the year, the 

mean times of setting and lifting nets were considered 

(Table 4). 

4 

9 



III Fig. 7. Seasonal changes in die I locomotory 

activity ruytlms of each age group. 

Percentage of fish .captured per hour in 

'day' and 'night' sampling periods. 

III Fig. 8. Diel locomotory activity rhythms of 

Philypnodon breviceps in January 1970 as 
shown by the number of fish captured in 

trap nets during two-hourly intervals. 
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Table 4: Mean setting and lifting times for trap nets. 

Month Pe od Time Time Hours Hours 
set lifted of dark of light 
(hrs. ) (hrs.) 

Mar. 1969 'Day' 1000 1530, 5.5 
I Night' 2030 0930 9.5 3.5 

May 'Day' 0900 1600 7.0 
'Night' 2030 0930 10.5 2.5 

Jul. 'Day' 1000 1600 6.0 
'Night' 2100 1030 10.0 3.5 

Sep. 'Day' 1000 1530 5.5 
, Night' 2130 0900 8.5 3.0 

Nov. 'Day' 0900 1530 6.5 
'Night' 2200 0900 6.5 4.5 

Jan. , 1970 'Day' 1030 1400 3.5 
'Night' 2100 0900 7.5 4.5 

Mar. 'Day' 0930 1400 5.5 
, Night' 2100 0930 9.0 3.5 

The first major change in behaviour occurred between May 

and July when older age groups changed from being 'night' 

-active to 'day' -active. The proportion of daylight 

hours the 'night' samples was similar in these months, 

indicating that the change in behaviour was not simply 

a result of differences in sampling. Similarly in Sep

tember, the recorded reversal of diel activity presumably 

represents a real change in behaviour, since the hours of 

darkness are represented slightly less in this month. 

A seasonal phase shift in locomotory activity from 

night-active in summer to day-active in winter, as ob

served for adult ~. breviceps, has also been'demonstrated 

by MUller (1969) for-adult Cottus poecilopus Heckel in 

northern, but not in southern Sweden. 

The diel activity rhythms of P. breviceps were studied 
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ln more detail during January, 1970 when catches from 

three traps were recorded every two hours throughout a 

24 hour period. (Fig. 8). In agreement with the results 

presented in Fig. 7, age groups 1+ and 2+ exhibited high 

day- and low night activity. Age 3+ fish, although only 

captured in small numbers, were active both day and night. 

A sudden increase in activity of age 1+ and 2+ fish occur

red at da1vn. Hence, in the earlier work based only on the 

two periods of trapping, the 'night' period would include 

this dawn peak and, consequently, the differences between 

the true night and day would be more marked than was in

dicated by those results. It is also possible that in some 

months activity was confined to the evening and morning 

periods and this would show only as a higher activity at 

'night' compared with the 'day'. 

Activity level of different age groups of fish 

An. activity index was calculated sepaiately for each 

of the age groups 1+ to 4+ for each month of sampling 

(Table 5). 

Table 5: Bi-monthly ~ctivity index for each age group of 
P. breviceps 

Age 

Males Females 
Month 1+ 2+ 3+ 4+ 1+ 2+ 3+ 4+ 

1969 Mar. 1 .92 4.70 6.47 1 .90 5.53 8.09 
May 1 .72 3.14 6.15 1 .39 2.69 5.31 
Jul. 0.47 0.95 1 .00 0.53 0.85 1. 57 
Sep. 2.00 6.26 5.56 1 .85 4.39 5.37 
Nov. 3.62 5.81 8.76 3.21 4.12 7.50 

1970 Jan .. 2.84. 2.42 5.47 2.67 3.13 1 .24 
Mar. 1 .53 2.77 7.43 1.96 3.85 5.65 

Mean 1 .70 2.80 5.51 7,16 1 .69 3.02 4.34 6.44 
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In all months and in both sexes the activity index 

increased with increasing age. However, it was shown 

earlier (Chapter 2) that activity, as indicated by the 

probability of capturing fish in the trap nets, was 

functionally related to the length of the fish. It is 

therefore probable that age, itself, does not affect 

activity, and that the increased activity of older fish 

is directly attributable to their increased length. 

Further, except in March 1969, males became increasingly 

more active than females 1n older groups (Table 5). The 

difference between sexes also largely attributable 

to differences in the size of .the fish at corresponding 

ages, since within a size group, sexes did not differ 

significantly catch rate. 

Seasonal activity cycle 

A mean activity index was calculated for each month 

. of sampling by combining age 1+ to 4+ fish of both sexes 

(Fig~ 9). Mean monthly temperature 1S also shown. The 

level of activity, as recorded by trap catches, showed 

a marked annual cycle; the highest activity was re-

corded in spring and the lowest in winter. Temperature 

has been shown (Remmert, 1965) to be a particularly im

portant factor influencing the annual activity cycle of 

poikilotherms. Maximal activity of R. breviceps, however, 

did not coincide with maximal water temperature but occurred 

during the spring months at a time of continuous diel loc 

motory act ty. The mean activity index, however, is 

further influenced by the differences age structure of 

the population at different times of the year. The mean 

age and length of the population is greater in spring, 

and because older, larger fish have a higher activity, 

the mean population activity index would also be expect

ed to be higher at this time. 
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DISCUSSION 

The eggs of adult female f. brevice~s in Spectacles 

Lakes begin maturing in autumn, and each female spawns 

a s Ie batch of eggs duri a short breeding season 

in ing (October, November and December). In the 

lakes spawning occurs in a narrow, shingly shore zone 

and e are laid in a clump on the underside of the 

larger rocks. Older females move into the shore zone 

f t and spawn before the younger females; the mature 

males guard the nests fo~ approximately one month 

until the larvae hatch. The larval stage is short and the 

young fish begin feeding in the open waters of the lake, 

gradually becoming benthic in habit during the first six 

months of life. After a juvenile iod of 1-2 years for 

females 'and 2-3 years for males, the fish become sexually 

mature and the life cycle is repeated. Males grow-larger 

than females, but both sexes have a maximum life span 

of 4.5 years. 

All of the described life-history characteristics of 

P. form an integral part of the species' pro-

duction dynamics, and their relative importance is there

fore considered in subsequent chapters on population 

dynamics and production. However, three a ects are of 

particular importance prior to determination of pro

duction. Firstly, the breeding season, although reported 

by Woods (1967, unpublished) to be spread over at least 

five months (in several localities) was re icted to a 

short period in Spectacles Lakes, as was also found by 

Hopkins (1970) in two 'North Island streams. Separate 

cohorts could therefare be easily distinguished, greatly 

facilitating the measurement of production. Secondly, ~. 

?reviceps females laid only one batch of eggs during the 

1969 breeding season, although Woods assumed that the 

species laid two batches per female as found for 
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morphus huttoni by McDowall (1965). Acceptance of Woods' 

assumption for ~. breviceps would have caused a large 

error in estimates of egg production and the number of 

larvae hatched into the lake during the breed~ng season. 

Thirdly, quantitative estimates of the size and age of 

fish at maturity are essential for estimating both egga 

and sperm production. Neither of these characteristics 

have been adequately described previously for ~. brevi-

An interesting aspect of this section of the study 

is the apparent similarity in life history and eding 

bet1veen ~. breviceps (Eleotridae) New Zealand and 

Cottus gobio (Cottidae) in Europe. In view of recent 

production studies of Q. gobio in England (R.H.K. Mann, 

197t:; Able, pers. c omm. ), the produc tion of E. breviceps 

in Spectacles Lakes should form a useful comparison with 

that of-the European species, and may enable more general

isation~ t6 be made concerning the production of small 

fish species. ~.breviceps and Q. gobio appear to occupy 

very similar niches, both being solitary benthic sh of 

similar size and life span, and inhabit rivers and lakes 

over a wide range of altitude. Egg number and egg size 

are similar; in both species the male is larger than the 

female and guards the eggs, which are laid on the under

side of rocks. Smyly (1957) reports that the diet of C. 

gobio in both rivers and streams in England consists 

mainly of invertebrate bottom fauna (Plecoptera, 

Ephemeroptera, Trichoptera and Chironomidae), but in 

lakes Crustacea were eaten more extensively. Similarly, 

E. breviceps in Large Spectacles fed predominantly on 

invertebrate bottom fauna including Crustacea, Chirono~ 

midae, Oligochaeta and Trichoptera, although, unlike Q. 
gobio, young of its own spec s was also an important food 

for older fish. 
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The diet of f. breviceps was observed to shift from 

smaller to larger food items with increasing age, and 

also varied, but to a lesser extent, with season and 

sex. The food specialisation exhibited by different age 

groups at the same time of year could lessen competition 

between the age groups. At times of limited food supply, 

competition between fish of similar size and age would 

be more intense than between different age groups, and the 

effects on growth and production would be expected to act 

differentially within the population. 

As well as the differences observed in diet due to 

sex, season and age, a change in diet was also noted be

tween day and night in age 1+ fish, free-swimming prey 

species becoming more important in the stomach contents 

during the day in autumn and winter. Feeding intensity 

was also higher during the day in these seasons, although 

feeding did not cease entirely at night. However, in spring 

when the fish were feeding more intensively at nig~t, 

free-swimming copepods were eaten in larger quantities 

during the hours of darkness, suggesting that free-swim

ming species were being selected during periods of high 

feeding intensity, regardless of the time of day. Thus, 

during periods of low feeding intensity, more sedentary 

bottom- or weed-dwelling species were being eaten, but with 

increased activity, free-swimming species were more fre

quently captured and eaten. 

In age 1+ fish, day feeding was associated with high 

day locomotory activity, while in spring, when two peaks 

of feeding occurred (day and night), fish were active 

eluring both the day and night. Similarly, locomotory 

a· .. tivi ty and feeding times 'vere approximately. coincident 

for all age groups sampled in January. Although' an over

all correlation did exist, peaks of feeding and move

ment did not coincide exactly. For example, in January, 



for both age 1+ and 2+ fish, movement was most intense 

just after da,m whereas feeding did not reach a maximum 

until later in the day. Darnell and Meierotto (1965) 
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found an even greater disparity in the feeding and move

ment chronology of young black bullhead, Ictalurus melas 

(Rafinesque). Feeding was most intense near dawn and dusk 

whereas general swimming activity was concentrated betwe

en the feeding periods, although both swimming and feeding 

act ty were low at night. The role of feeding, light 

and temperature in controlling diel locomotory activity 

rhythms has received attention from, among others, 

Swift (1962,1964) and Andreasson (1969). The relative im

portance of light as an exogenous controlling factor 

was recognised in both studies and the conclusion reached 

was that food itself does not affect activity but rather 

that· fish are feeding because they are already active. 

This conclusion seems adequate to explain the sequence of 

diel behaviour observed in younger R. breviceps. The in

fluence of light is suggested by the detected sudden rise 

in swimming activity just after dawn. Then while the loco

motory activity is high, feeding commences, reaching its 

peak several hours later. 

Seasonal cycles of both feeding and locomotory 

activity, however, appeared to be correlated with temper

ature, although both maximum light intensity and day length 

also vary seasonally. Further, the importance of endog

enous biological rhythms, both diel and seasonal, is 'veIl 

known (Remmert, 1965) and environmental factors such as 

temperature often function mainly as pacemakers. Of par-

ticular interest the present study were the phase shifts 

in diel activity which occurred during the year. During 

winter and spring al~ age groups showed similar behaviour 

with periods of activity occurring simultaneously, where

as in summer and autumn the periods of activity did not 



overlap between young and older fish. As well as the 

suggested lessened competition between age groups due 
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to differences feeding habits, the observed temporal 

differences activity and feeding between age oups 

could further reduce competition and thereby have im

portant effects on the production dynamics of this 

species. 



IV POPULATION DYNAMICS 



INTRODUCTION 

Detailed knowledge of the population dynamics of 

P. breviceps in Spectacle Lakes was a prerequisite to 

estimation of the produc on and energy relationships 
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of the population. The study of population dynamics also 

provides information necessary for understanding factors 

which affect and regulate the production of natural 

populations. In this chapter, information on the dis

persion, movements, population numbers, mortality, 

recruitment and growth of the study population in Small 

Spectacles are presented, based on observations taken 

during the year March 1969 to March 1970. 

The study of population dynamics of small fish has 

been largely overlooked in favour of larger and more 

economically important species, but the methods that have 

been devel6ped in these latter studies are applic~ble, 

with certain modifications, to small fish. Initially, the 

population must be defined terms of population bound

aries as well as internal structure (dispersion). A wide 

range of indices have been proposed to measure disper

sion (for examples see Southwood, 1966, and Lefkovitch, 

1966). One of the most suitable for use in the present 

study is the I index proposed by Morisita (1959)' be-g 
cause of its relative independence of the type of dis-

persion, the number of samples and the size of the mean 

(Green, 1966). The dispersion of a mobile animal results 

from the movements of individuals and, in turn, affects 

sampling,_ estimation of popUlation size, the regUlation 

of popUlation numbers, growth and the amount· of energy 

utilized by fish in general locomotory activity_ 

Estimation of population numbers proved to be the 

most difficult population parameter to obtain. Methods 



foi estimating fish populations have developed both 

technically and statistically over recent years; a re

view of methods has been given by Robson and Regier 

(1968). 
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The choice of a method depends on, among other factors, 

the life history stage and the size and spatial extent 

of the population being considered., Hark-recapture meth":" 

ods have commonly been used for estimating populations of 

fish in lakes. Preliminary mark-recapture trials in Lake 

Grasmere (area 630km2 ,) however, indicated that for a 

small fish such as E. brevic~, which occurs in very 

high densities and is capable 'of extensive movements, the 

population being considered must be limited size so 

that a sufficient proportion of marked fish can be accum

ulated in the population. Small Spectacles, which was 

much'smaller than Lake Grasmere, provided such a study 

area. The whole population except the young-of-the-year 

fish (age 0+) could be sampled effectively w'ith trap 

nets, and the population was also closed to both immi

gration and emigration. 

Young fish have often been neglected in previous 

population studies, although larvae and fry can be sam

pled quantitatively in open waters of lakes using modi

fied plankton nets fitted with calibrated flow-meters 

(Noble, 1970 and Faber, 1968). A similar method w:as devel

oped in the present study to estimate numbers of age 0+ 

fish, making suitable allowances for escape of fish from 

the sampling gear. 

The initial number of age 0+ fish hatched into the 

population has been calculated in many previous studies 

from a combination of 'fecundity data, and population 

estimates. Use of such reproductive data for an estimation 

of the initial population was not necessary in the present 

study since larval fish numbers could be estimated direct-
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lye Ho,vever, population fecundity (total egg comple

ment of the population) and egg survival were investi

gated to provide information on the fate of the eggs 

laid by the breeding population, mainly in an attempt to 

understand the factors involved in determining the popu

lation size of a given year class. 

Measurement of production of the bully population 

also involved periodic determinations of the mean 'veight 

and energy content of each age group and sex within the 

population, because growth as well as reproduction contri

butes significantly to the overall production ~f the pop

ulation. Growth of individual ,animals is frequently expres

sed in terms of both length and weight, and more recently, 

in bio-energ ic studies, in energy content also. Gro,vth 

in length, however, is the simplest parameter to measure 

under field conditions, and these results are included in 

this chapter. Weight and energy changes were subsequently 

. calculated from length:weight:energy relationships. 

Previous knowledge of the population ecology of New 

Zealand native fish species is sparse. f. breviceps, where 

found, are reported to be abundant in both lakes and strea

ms (Hopkins and McDowall, 1970; Burnet, Cranfield, and 

Benzie, 1969) but only one attempt has been made to estimate 

densities. Hopkins (1970) reports densities "in a nursery 

trout stream (1vairarapa, N. Z.) ranging from 21 .08/m
2 

in 

February after breeding to 1.52/m2 
in December. Hopkins 

also examined owth of P. breviceps from length frequency 

analysis. Other information is scattered, the main con

tribution being that of Woods (1967, unpublished). As well 

as stUdying the taxonomic relationships of New Zealand 

Eleotridae, he reported on the fecundity of f. breviceps 

and discussed the factors affecting the general activity 

and distribution, both within and between species. 



METHODS 

Eropagation of error 

A measure of the reliability of estimates of all 

population parameters was desirable to provide a more 

substantial basis for the calculation of production as 

well as for interpretation and discussion of the pop

ulation ecology. 95% confidence limits (+ t x standard 

error of the estimate) have been calculated for all 

estimates. Estimates of population statistics, however, 

were often not derived directly from one form of sam

pling but were combinations of two or more lesser es 

imates. Errors involved in estimating these components 

were therefore combined to provide a measure of relia

bility of the final estimate. 

The approximate formula for the error of a product 

(A.B.C.) of several indepen~ent estimates (Goodman, 1960} 

was commonly used throughout t.he study and is given by; 

ABC 2 [ var A 
A e] "- A ,1\ var B var 

var A.B.C. • •• "2 + + "2 A C 

or when the components were not independent: 

f\ ,1\ "2 A 11.2 " All. 
A " var A.B. = A var B + B var A + 2AB COy (A.B. ) 

where COy (A.B.) is the covariance of A and B. 

Re ession techniques were also used to obtain est

imates of.functionally related variables. In predicting 

(1 ) 

y from an estimate x from the linear equation of the form: 

y - y = b (x-i ), 

the variance due to regression as well as to estimating 



x can be combined approximately by the equation: 

A 
var y var y + (x _ x)2 var b + b 2 var X 

N 
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where var y and var b are calculated from regression 

analysis. The conventional least squares method, how

ever, is not applicable in the case where both y and x 

variables are measured with error (Sokal and Rohlf, 1969), 

for example in length:weight relationships, and the method 

of Bartlett (1949) was adopted tead. 

Throughout the following section on methods, the var 

ance of calculating the proportion of an attribute (p) 
from a sample of size n wa~ also frequently used (for 

example: sex ratio). The variance of ~ was determined by 

assuming an approximate normal distribution of the propo~ 

rtion estimate, in which case: 

where q :::: 1 - p. 

" var p ::I:: N 
n 

opagation of error also provided a method of assessing 

the relative contributions of the variance components to 

the total estimation of population parameters. All error 

terms given subs equently as a I ± I notation and wi'thout 

further qualification are standard errors of the esti

mates, whereas 95% confidence limits, where given, are 

stated as such. 

Movements· and dispersion 

The extent of movement was examined usi~g a point

dispersal method suggested by Beverton and Holt (1957). 

Each season, fish om one or two random sites were batch

marked by clipping the posterior corner of the second 
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dorsal fin, and then released from the capture point. 

Subsequent recaptures over the following seven days of 

stratified random sampling gave an estimate of the minimum 

distance moved by an individual fish in a given time. The 

average distance moved by all fish recaptured on a glven 

day was estimated from the root mean square of the dist

ances travelled (Clark, 1962). The dispersion of indivi

dual fish with respect to the nearest neighbour was con

sidered from direct observations of fish around the shore 

of the lake and in aquaria. The dispersion of these fish 

over the entire lake was then investigated from bimonthly 

samples, using Morisita's index of di ersion (Morisita, 

1959) and a comparison of the number of fish caught in 

different areas of the lake. 

Because age 0+ fish were sampled endently of 

the remainder of the population, their spersion was also 

considered separately, and both vertical and horizontal 

distributio~ of the age 0+ group were • DurJng the 

months in which the water-depth exceeded 1.0m, the lake was 

considered as two strata of equal depth, and samples were 

taken randomly within strata with a push net (push net fi

tted with a flow meter calibrated to give the volume of 

water f tered (m3 ) by the net per revolution). When the 

lake rec to less than 1 .Om in depth, strat ied sam-

pIing was not possible. 

Age 1+ - 4+ fish were entirely benthic and only their 

horizontal dis sion pattern was examined. The lake was 

stratified into four se~tors (A -D) for trap net sampling, 

and further divided into three concentric zones for ana

lysis of results (see Fig. 2). The length and sex of each 

fish were recorded, and the number of fish of each age 

group in each sample was subsequently derived from age

length keys. These keys were prepared from scales of a 
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stratified subsample of 10 fish from each 2mm length

class (A total of 3,377 scales were read, averaging 422 

for each month of sampling.) 

Morisita's index of dispersion (Morisita, 1959)was 

calculated as: 

I g 
n .. (n. - 1) 

1 1 

T(T-1) 

where I is the index of dispersion, N 1S the total 
g 

number of samples, n. is the number of individuals in 
th 1 

the i sample, and T is the total number of individuals 

sampled. When the distribution is Poisson (random), con

tagious (clumped) or regular, I will be equal to, greater 
g 

than or less than one, respectively. The significance of . 

the departure from random distribution is given by 

FO Ig (T-1) + N - T 

T - 1 

the critical value for FO being ,.,here N1 = N-1 and N2 = 

00, After describing the type of dispersion of the pop

ulation, comparisons among the samples taken from differ

ent sectors and zones of the lake provided information on 

differences in dispersion between .sex and age groups. 

Population estimates and mortali~ 

Mark-recapture experiments, using trap nets for sam

pling, were conducted bimonthly to estimate the number of 

age 1+ - 4+ fish. 

Many methods of analysing mark-recapture results have 

been developed, a large number of which are based on dif

fering assumptions inherent in the design of the experi

ment and, consequently, can lead to different results. For 
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this reason the methods used in the present study are 

presented in full and a test of the assumptions involv

ed is included in the discussion at the end of the chap

ter. 

Most estimates were obtained using the multiple

sample census model of Schnabel (1938), but in mid-summ

er when fish were difficult to keep in holding tanks for 

an extended period, the Petersen two-sample method was 

used (Ricker, 1958). Both methods are based on the ratio

nale that the proportion of marked fish in a random 

sample estimates the proportion of marked fish in the pop

ulation. The population number. by the Petersen estimate 
" (N

p
) is given by: 

1\ mc N :::: 
p r 

where m is ,the known number of marked fish present in the 

population, c is the number of fish sampled, and r is the 

number of recaptures. The variance of this estimate is 

approximated by the formula given by Bailey (1951): 

var 
1\ 

N p 

2 
= m c (c - r} 

r3 

The two-sample method can be extended by marking all un

marked fish captured in successive samples, and in this 

case the population number can be estimated by the Schnabel 
;. 

estimate (N ) which is given by: s 

" N s 

where mt is the number of marked fis~ at large at the time 

of the tth sample, c
t 

is the number of fish examined at 

time t, and r t is the number of recaptures in the sample 

c t " The approximate variance of the estimate (Robson and 



Regier, 1968) is: 
I' N 2 

var N = s s 

The Schnabel estimate approximates N where the 

catches c 1 ' c 2 ' •••••• c n are small in relation to N 
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and when removals are also negligible. Other methods of 

analyses including the method of Schumacher and Esch

meyer (1943) and the iterative solution of Robson and 

Regier (1968) were also tried. However, because daily 

catches averaged only 1 .5% of the total population pre

sent and mortality was less than 1% of the fish cap

tured, the differences among e~timates were small consid

ering the extent of their confidence limits. 

During the study a total of 82,527 fish were cap

tured for population estimates and 56,378 of these were 

batch-marked by clipping combinations of fins. Fish mark

ed on previous months were remarked by removal of a coded 

fin ray from the second dorsal fin. 

Each Schnabel estimate was determined from seven 

days of trap net sampling, each day comprising a separate 

sample. Fish were captured from stratified random trap 

net sites and on the first six days of an experiment fish 

were measured, marked and released back into thepopulat

ion at the random site of capture. Each complete day's 

sample consisted of a 'night' (9pm-9am) and a 'day'(9am-3pm) 

sampling period; the 'night'-captured fish were held in 

tanks before release until all the nets for the 'day' sam

pling period had been lifted. 

The Petersen two-sample method extended over nine 

days, but' fish were marked only on the first four days 

(sample 1). The second sample, taken for examination of 

recaptures, consisted of fish taken throughout the follow

ing five days. In contrast to the Schnabel estimates, fish 

could be returned to the lake immediately after marking, 

thereby facilitating the handling of fish during ~he warmer 
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months. 

As shown previously in Chapter 2, the proportion of 

marked fish recaptured increased with increasing .size 

of fish. This gear selectivity effect would have result

ed in an underestimate of the true population number. 

To reduce the bias the population was stratified into 

small size classes and population estimates were calcul

ated separately for each class. The~e estimates (&1) weie 

then divided into sex and age groups (NAl ) from the sam

pled proportions of sex (8) and age (r) groups present 

in each length class. Sex ratios were determined from 

length frequency distributions. of sex groups at the time 

of each census, and age-length keys were derived for 

both sexes from scales, as previously described. The 

estimate NAI is given by: 

A "1\ It 

NAI Nlos.r 

.II 

The sum of the individual NAI estimates then gives the 

total number of fish present {n each age group (sexes 

separate) at the time of each experiment. 95% confidence 

limits were calculated by combining the variances of each 

" Nl estimate with the variances of the proportion esti-

mates (equation (1», and 95% confidence limits of each 

age-group estimate were calculated from the formula: 

In the case of large samples: 

" 95%· CL = ± 2 x SE NA 

Throughout the analysis, approximate variance for

mulae have been used to give symmetrical error statistics 

(although N is not actually distributed symmetrically) 



as these can be more simply combined with other error 

components. 
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The number of young-of-the-year fish (age 0+) was 

determined separately at bimonthly intervals from random 

samples taken with the push net fitted with a flow meter. 

As described previously when considering dispersion 

patterns of age 0+ fish, sampling was vertically strati

fied when the lake exceeded 1 .Om in depth. The total age 

0+ population was estimated from the mean number of fry 

captured per unit volume and the calculated volume of 

water in the lake. For non-strat ied sampling, the 

estimate of age 0+ fish from ~ sampling units taken 

from a total volume of X metre 3 is given by: 

x 

n. 
1 

where n~ is the number of fish in the ith sample. The 
1 

variance ot Q is: 

A 

var N 

x 

• var n. 
1 

When sampling was stratified, a weighted mean and app

ropriate variance were calculated (Snedecor and Cochran, 

1967). 

As the fish grew larger, some fry were obviously 

escaping from the net. To measure the proportion escaping, 

push net population estimates were compared with a 

Peterson mark-recapture estimate carried out as soon as 

the fry were large enough to be handled without any mor

tality. In October 1969, 1,729 of these young fish were 

marked by immersion in Bismarck Brown solution and re

leased back into the ,population at the sites of random 

capture. A second sample of 1,979 fish was taken the 

following day and the population number estimated. The 
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difference between the estimates from the two methods 

provided a measure of the correction needed for the 

results obtained by the push net method for October. 

Correction factors for previous months were calculated 

assuming that escapement was proportional to size of fry, 

as found by Noble (1970) for Perca flavescens. It was 

considered that no correction was necessary for the 

first estimate, ln February, when the fry were only 15.5mm 

in length. The sampling error of the net samples and the 

error due to the correction factors were combined using 

the variance-of-product formula (equation (1)). 

The relationship between population numbers and time 

was then examined for all age oups and the number in 

the population at monthly intervals interpolated. Popula

tion curves were established by fitting successive poly

nomials of increasing powers to the means and 95% con

fidence limits of the population estimates. These curves 

were of the form: 

2 
y a + bx + cx + ....•.• 

and tests of significance of the regression at each 

successive power (by analysis of variance) indicated the 

curve of best fit. The decrease in numbers over small 

time intervals can be approximated by an exponential model 

of decrease i.e. N2 = N1e-Zt , and the monthly instant

aneous rate of mortality (Z) expressed by: 

z = (loge N2 - loge N1 ) 

t2 - t1 

where N2 and N1 are the numbers of fish present on the 

first day of the months t2 and t 1 , respectively. 
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Po:pulati..2..!!Jecundity and recruitment 

Fecundity (number of eggs laid by a female in one 

breeding season) was determined from a sample of 74 fe

male fish collected in September, one month before the 

1969 spawning season. Approximately 10 fish from each 

5mm length-class were collected and the total length, 

body weight, gonad weight and age of each fish were re

corded after preservation in formalin. The ovaries were 

then softened in Gilsen's fluid (Bagenal, 1967) and the 

total number of mature eggs in both ovaries counted. 

Only one batch of· eggs was laid by each female during 

the breeding season and these mature eggs were easily 

distinguished in the ovary by their size and colour 

(Chapter 3). The relationship between egg number, length 

of female and age were examined. 

It was then possible to calculate the population 

fecundity during the 1969 spawning season in Small 

Spectacles, using the population estimates for each 

age group of female fish at th·e time of breeding (N
A

), 

the proportion of each age group that was sexually mature 

(p), and the mean fecundity of the group (FA): 

A 

where EA refers to the total number of eggs laid by the 

age group. The variance of the estimate was determined 

from the variance-of-product formula (equation (1)). 

The survival of eggs in randomly selected nests 

was examined in the spawning study area, which was set 

up as described in the previous chapter. The' nests (10-15 

each month) were observed regularly until hatching occur

red; the number of eggs throughout development was asses

sed from photographs taken of the nests within four days 

of laying and again just prior to hatching (see Fig.7). 
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The nests were then surrounded by emergence traps, as 

described previously (Chapter 3), enabling the number 

of emerging fry to be counted using a hand sieve. The 

male guarding the nest was left inside the trap. The 

number of successful nests in the area was determined 

separately from nests that were not photographed. This 

was combined with the egg-to-fry survival of the photo

graphed nests to give the overall egg survival. 95% 

confidence limits were again calculated by combining 

the variances of both estimates. 

Growth in length 

Growth in length was estimated from monthly changes 

in the mean individual length of each age group. Fre

quency distributions of lengths within age groups were 

constructed from the total length-frequency distributions 

of the monthly samples from Small Spectacles, and the 

proportion of age groups estimated within each 2m~ size

class from scale analyses. A total of 63,108 fish were 

included in growth studies, averaging 6,810 for the months 

of mark-recapture experiments and 1 ,437 for the other 

months. Mean lengths and variances were then calculated 

from the frequency distributions (Snedecor and Cochran, 

1967) after correcting the distributions for selectivity 

of the trapping gear (Chapter 2). 

The lengths within an age group were not, however, 

distributed normally. The Kolmogorov-Smirnov statistic, 

D (Sokal and Rohlf, 1969), which was used to compare max 
the observed frequency distribution with a normal dist-

ribution pased on the sample mean and variance, showed 

significant deviation at the 1% level in all· except the 

age 0+ groups. An inspection of g1 and g2 statistics, 

which measure skewness and kurtosis respectively, indi

cated that in all cases the distributions were positively 
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skewed, and a logarithmic transformation of lengths was 

effective in normalizing most groups throughout the year. 

A logarithmic transformation was also convenient 

for combining variances of mean length estimates with the 

variances involved in subsequently determining the mean 

weight of the group from regression analyses, as des

cribed in the following chapter. 

Back-transformation of log I gives the geometric 

mean of the original length measurement, and the stand

ard error in terms of the original units can be approx

imated (Bliss, 1967) by: 

S.E. of geometric mean = 2.303 s- (antilog y) y 

where s- is the standard error of the mean in logarithy 
mic units and antilog y is the geometric mean. 

RESULTS 

MOVEMENTS AND DISPERSION 

Point-dispersal experiments 

The potential for dispersal during each season is 

demonstrated in Fig. 1, which shows the release point and 

subsequent recaptures of individual fish within seven 

days of release. Individual fish moved in all available 

directions away from the release point, and in all seasons 

fish were recaptured over most of the lake. For each 

season, the frequency of recaptures and the average dist

ance from the release point each day were calculated 

(Table 1 )'. 
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Table 1: Movements of E. breviceps. Seasonal frequency 
of recapture and average distance from re
lease point at daily intervals. (Number of 
fish released each season is given in parent
heses). 

~y JUL. NOV. JAN. 
{332~ (582} {59 81 {823) 

Day No.Distance No.Distance No.Distance No.Distance 

1 3 46.6 5 45.6 7 40.4 
2 3 45.0 2 32.0 4 32.8 5 29.5 
3 4 33.8 1 23.0 3 44.7 6 39.5 
4 1 46.6 6 54.4 3 25.4 
5 2 27.5 1 18.0 2 35.2 3 25.7 
6 3 47.3 4 34.7 10 38.9 
7 4 30.6 2 29.0 

Although recapture numbers were small (approximately' 

3.5% of total released), it is significant that the fre-

.quency of recaptures did not decline over the period of 

sampling. This indicates that locomotory activity remained 

the same throughout the seven days and was not affected 

by handling and releasing the fish. 

The average distance from the release point did not 

change significantly with time, indicating that fish were 

not moving further from the release point after the first 

day. Hence, the average distance moved during the first 

day of release, which was in excess of 40 metres in all 

seasons, again demonstrates the ability of individuals to 

move freely over the whole lake in a short time. Many 

workers, ( for example Rodeheffer, 1941; Allen, 1951; 

Gerking, 1953, 1959; McCleave, 1964) have demonstrated 

in stream and lake populations that marked-and-released 

fish remain essentially within the area of release, indi

cating the presence of limited home ranges or territories. 

There was no such evidence of limited home ranges within 

Small Spectacles, although during the short spawning 



season sexually mature male fish were strictly terri

torial in defence of a nest site under larger stones 

around the lake edge. 

70. 

Larger fish moved greater distances from the re

lease point in a given time. In 15 fish which were re

captured one day after release, there was a significant 

(p <0.01) positive correlation between the length of the 

fish and the distance moved from the release point 

(r= 0.651). 

Table 1 also shows that the average distance moved 

did not differ between seasons, although a marked diff

erence in the amount of seasonal locomotory activity was 

demonstrated earlier in Chapter 3. In comparison, 22 re

captures from 94 fish, released from a point along the 

southern shore of Lake Grasmere in July 1968, had moved 

an average of only 12.5 metres after 7 days. However,when 

this experiment was repeated in December 1968, few fish 

remained near the release p0int, and the average ~istance 

mov~d by the three recaptures (from 290 released) was 

110 metres after 6 days. Henc~, in contrast to Small 

Spectacles, there was a marked difference in the distance 

moved between winter and summer. The lack of seasonal diff

erences in movement in Small Spectacles would appear to be 

due to the smallness of the area, limiting dispersal in the 

warmer months. 

Dispersion 

Wi thin the "\vhole population, a marked size hierar

chy or 'peck order' system sted, and each fish actively 

maintained an individual space of approximately 15cm radi

us. Larger fish successfully defended larger. individual 

spaces. This behaviour resulted in a regular dispersion of 

the individual fish. 

The dispersion of fish (age 1+ - 4+) over the whole 
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lake ivas then examined om trap catches. Three main 

factors affect the number of fish caught per hour in 

any trap net, viz: the activity level of the fish, the 

efficiency of the trap, and the dispersion pattern of the 

population. Stratification of samples was therefore neces

sary to remove the effects of the first two factors in 

order to examine the dispersion pattern. 

Because the activity level has been shown to vary 

significantly between day and night, trap catches were 

considered separately for the two periods of sampling. 

both 'day' and 'night' samples in any month, there 

were no significant differences (p < 0 .05) in the trap 

catches between days (Kruskall-Wallis d tribution-free 

test of location, H values ranging from 3.81 to 10.80 

compared with critical -x..~.05 value of 12.59) This in

dicates that any variation in trap catches within each 

sampl period was not due to variation in activity be-

tween d'ays. 

Trap efficiency was not consistent for all sampling 

sites, being higher when the leader of the trap net 

touched the shore. For analysis, therefore, a zone with

in ten metres from the shore (zone 1) was separated from 

the remainder of the lake (zones 2 and 3). This central 

area was relatively uniform, with thick weed owth en

tirely covering the bottom sediment. 'Vhen zone 1 samples 

were included, however, a valid comparison of di 

could be made between the four sectors (A - D). 

sion 

Table 2 presents the monthly values of Morisita's 

index of dispersion, I , for 'day' and 'night' sampling g 
periods, calculated from trap catches per hour; values 

for zone 1 and the remainder of the lake (zones 2 and 

3) were calculated s rYe Significant departures 

from random dispersion at the 5% and 1% levels are shown. 
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Table 2: Monthly index of dispersion (I) of f. breviceps 
(age 1+ - 4+) for 'day' and 'n¥ght' sampling 
periods. (N= no. of samples) 

Month 

1969 May 

Jul. 

Sep & 

Nov. 

1970 Jan. 

.Mar. 

Period 

'Day' 
'Night' 

'Day' 
'Night' 

'Day' 
'Night' 

'Day' 
'Night' 

'Day' 
'Night' 

'Day' 
'Night' 

Zone 1 
N I g 

4 1 .202** 
4 1.438** 

8 1 .362** 
9 1.117 

o 
4 1 .620** 
4 1 .218* 
4 1 .078* 

6 1 .345** 
2 1.029 

3 1 .756 
4 1 .435** 

Zones 2 & 3 
N I 

18 
8 

14 
15 

19 
10 
11 
10 

10 
4 

14 
5 

g 

2.146** 
1 .659** 

1.372** 
1.570* 
1 .484** 
1 .458** 

1 .165** 
1.540** 

1 .395** 
1 .307** 
1.701** 
1 .689-** 

* Significantly different from 1.0 at 5% level 
** Significantly different from 1.0 at 1% level 

. . 

Dispersion showed significant departure from random

ness (p < 0.05) throughout the year in the central area 

of the lake (zones 2 and 3) and for most of the year at 

the edge of the lake (zone 1). All I values were greater 
g 

than unity indicating contagious dispersion of the fish 

population. A similar analysis was also carried out for 

age 0+ fish sampled with the push net. Again, the dis

persion index suggested significant clumping of these 

young fish (I = 1.298**, 1.387**, 1.105** and 1.302** for 
g 

February,. April, June and August 1969, respectively). 

Contagious dispersion can be the result- of fish eit

her aggregating in certain general areas of the lake, 

or aggregating on a smaller scale but the aggregations 

themselves being dispersed over the entire lake. Treating 
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day and night samples separately, the number of fish 

trapped were compared, stly between four sectors of 

the lake, and secondly between the two inner zones (2 and 

3), using the Kruskall-Wallis distribution-free test of 

location. Fish catches did not differ significantly be

tween areas or depths within the small lake (H values for 

comparison of sectors ranged from 0.728 to 6.305, p~0.80 

~ 0.10; H values for comparison of zones ranged from 

0.022 to 1.286, p .=:!::0.90 - 0.25). The degree of con

tagion, as measured by Morisita's index, is therefore 

a result of clumping ,\.,ithin these areas rather than an 

aggregation of fish in any particular area of the lake. 

In Small Spectacles, therefore, the dispersion 

pattern changes with the size of the area being consider

ed (Fig. 2 ). On a small scale, individuals appear to be 

overdispersed with respect to their nearest neighbours. 

These individuals, however, are not spread out regularly 

. over the entire lake but tend to be clumped. The 9lumps 

are then distributed over the entire lake, with no ten

dency for further aggregation of the clumps in anyone 

area within the lake. contrast, a survey of distri

bution in Lake Grasmere in spring 1968 demonstrated that 

P. breviceps in this larger lake were concentrated mainly 

on the southern shingly shore and also decreased in den

sity with increasing depth. 

Only age 0+ fish were present in the upper waters 

of the lake, but these juveniles were observed to become 

more benthic in habit with increasing age. February 

1969, 48% of the age 0+ population were found in the 

top stratum of the lake, whereas in June only 21% of these 

fish were in the upper waters. By August, age 0+ sh were 

captured in considerable numbers in trap nets set on the 

bottom of the lake. 

(Woods 1967, unpublished) concluded that for all 
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species of bullies, smaller fish inhabit open shallow 

waters by day, whereas larger fish remain in shelter in 

deeper water by day but move out into the open under cover 

of darkness. He also concluded that males remain in 

shelter more than females. In Small Spectacles the area 

of the lake designated as zone 1, as well as being 

shallower, provided less shelter (weed growth) than the 

two deeper zones. The proportions ot the two sexes and of 

different age groups (age 1+ 4+) occurring in each of 

these three zones during the day and night were therefore 

compared. 

The sex ratio was si~nificantly different between 

zones in only 8 of the 14 sampling periods tested ('day' 

and 'night' periods were considered separately and s 

nificant G values ranged from 9.22 to 149.90 compared 

with critical 'Y.- ~.01 value of 9.21), and a pattern of 

distribution of the sexes was difficult to detect. There 

was a te.ndency, hmvever, for. males to be present 

greater numbers around the edge of the.lake prior to the 

breeding season. 

Age group distribution was more consistently differ

ent between zones; there were significant differences in 

all sampling periods except July 'day' and September 'day' 

(significant G values from 15.47 to 78.52, critical 

/l~.01 = 13.27). Since behaviour was similar between 

January and March and between July and September, the re

sults for these periods were combined to demonstrate 

summer and winter distribution patterns. Fig.3 sho,vs these 

results expressed as the percentage composition of age 

groups in each zone (sexes separate). In the summer period, 

both males and females showed a decrease percent com-

position of age 1+ fi$h and an increase in older fish 

from zone 1 to zone 3 during the day. At night a reversal 

of distribution was evident, older fish be 

in greater proportions on the edge of the 

represented 
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lake (especially in March). In the winter, however, age 

groups were distributed randomly over the three zones 

by day, and by night the percentage of smaller fish was 

higher in the edge zone, similar to the summer day dis

tribution. During spring and autumn intermediate sit

uations existed. 

The conclusions of Woods (1967, unpublished) 

therefore, applied in Small Spectacles only during the 

summer, when younger fish occurred in shallower water 

away from shelter by day but were replaced on the 

edge by older fish at night. 

Other workers have described contagious popUlations 

of lake fishes, although few have tested their conclu

sions statistically. Crossman (1959) described an inter

esting clumped distribution and interaction of predator 

and prey in Paul Lake, British Columbia. The prey sp~cies, 

Richard~onius balteatus Richardson, showed definite ver

tical ahd horizontal differences in distribution of siz

es; larger fish were found in deeper water than smaller 

fish. Ghent and Grinstead (1965), although their method 

has recently been criticised, demonstrated positive con

tagion in a population of redear sunfish, Lepomis micro

lophus (Gunther), in which fish preferred shallow areas 

of the lake. 

POPULATION ESTIMATES AND MORTALITY 

Mark-recapture experiments 

The number of age 1+ 4+ fish marked and recaptur

ed for popUlation estimates is given in Table 3. 
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Table 3: Numbers of P. brevice12s(age 1+ - 4~ and methods 
used in mark-recapture experiments om February 
1969 to March 1970. (m= total no. marked, c= 
total no. examined and r= no.recaptured) 

Month Fin Fin m c r Method 
clip ray used 

1969 Feb. RV 5,865 6,978 193 Petersen 
Mar. LV 1 7,813 7,772 206 Schnabel 
May BV 2 7,449 7,201 326 " II 

Jul. RVA 3 4,272 4,618 115 " " 
Sep. LVA 4 8,026 9,173 132 II II 

Nov. BVA 5 9,046 9,788 498 " II 

1970 Jan. Rve 6 7,282 7,714 233 Petersen 
Mar. A 7 ~09 7:997 257 Schnabel 

56,378 61 , 172 1 ,959 

RV :::: right ventr fin A anal fin 
LV left ventral fin C ventral lobe of 
BV = both ventral fins caudal fin 

Total recaptures averaged 3.5%. of the fish marked over 

all size ranges. 

To demonstrate the process of analysis, March 1969 

data are given as an example. Table 4 shows the effect 

of stratification of the population into size classes on 

the estimate of population size and the variance of the 

estimate. 

Table 4; Effect of size-stratification on the mean pop
ulation estimate and variance of the estimate. 

Total 
Stratific?-tion Population Variance Standard 

Estimate Error 

None 174,645 1 47 , 91 4 , 244 + 12,162 
10mm size-classes 248,229 698,452,286 + 26,420 
5mm size-classes 268,813 1,244,841,624 + 35,250 -
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Stratification clearly reduced the bias of the population 

estimate caused by gear selectivity but it also had the 

adverse effect of increasing the variance of the estimate. 

A practical compromise was to divide the population into 

10mm size-classes for analysis. Although this resulted 

in a slight underestimate of the total population, a 

reliable estimate could be gained (S.E. f§. 10% of the 

me an) • 

Table 5 presents, for 10mm size-classes, the number 

of marked fish present at the start of each day's samp

ling (mt ) and the number of fish recaptured (r t ) out of 

a total catch (c
t
), in Harch, ,1969. The number of fish 

estimated in each size class was then apportioned into 

component sex and age groups from sex and age-group 

ratios (Table 6). The sum of the individual component 

estimates gave the total estimates of each sex and age 

group at the time of census. 

The contribution of the variance components to the 

final age-group population estimate could be examined 

from equation (1). Division of the size-class estimate 

into sex groups did not contribute Sl ficantly to the 

total variance estimate, as sex ratios were based on 

large sample numbers, exceeding 500 fish within each size 

group. On the other hand, sampling errors involved in 

estimating both the tial number of fish in each size 

class and the oportions of age groups from scale sub

samples contributed equally to the total variance. A com

parison of effort involved in estimating these two com

ponents indicat~d. that further effort in scale reading 

could hav~ reduced the variance with relatively little 

additional work involved. Final population estimates, 

however, can be considered to be reliable in terms of 

sampling error, averaging 8.6% of the mean over all months 

of sampling. 



Table 5: Results of ·the Schnabel mark-recapture experiment conducted in 

March 1969. (mt 
no. of marked fish at large, c t ==:: no. of fish 

captured, r t == no. of fish recaptured, all on day t). 

Size classes ~mm} 
30-39.9 40-49.9 50-59.9 60-69.9 70-79.9 

mt c t r t mt c t r t mt c t r t mt c t r t mt c t 
1 697 817 4 444 417 2 235 264 1 112 99 2 1) 1) 

2 1502 724 12 857 256 9 498 165 8 209 73 4 26 14 
3 2206 1055 6 1103 312 7 655 115 1 278 56 1 39 3 
4 3218 583 7 1401 257 8 766 134 11 ))4 52 7 41 11 
5 3776 695 19 1650 262 11 88'9 88 5 369 56 4 52 9 
6 4443 533 8 1900 353 22 973 212 21 431 132 19 66 12 

--- ---
4443 4407 56 1900 1857 59 973 978 47 431 468 37 66 62 

Table 6: Population estimates (mean! S.E.) of size classes apportioned 

into components sex and age classes for Harch, 1969. 

Size Age grouE 
class N d' 1+ ~ ~ 2+ ~ !t. 3+ .i 

30-39.9 193,799+25,898 118,217 75,582 
40-49.9 37,487+ 4,880 23,751 8,795 990 3,951 
50-59.9 12 ,908+ 1 ,883 '2,013 154 5,731 4,699 )11 
60-69.9 3,698+ 608- 2,916 440 15) 189 
70-79.9 337+ 127 692 638 ---

143,981 84,5)1 10,329 9,090 791 507 
+ + + + + + 

17.460 11 ,618 1,332 1,374 156 182 

r t 
1 
1 
1 

1 
3 

7 
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The data for Schnabel estimates for all other months 

were treated similarly. The experimental design, as descri

bed, was satisfactory for all months except September 

when, possibly because of increasing temperatures at this 

time, bullies became stressed easily and could not be 

handled or marked successful • Only 132 fish were re

captured out of 8,026 marked in September (Table 3), re

sulting in an extremely biased population estimate which 

was therefore discounted in further analyses. 

The Petersen estimates, where used, were also de

termined for 10mm size-class groups and later apportioned 

into sex and age Bubgroups to .obtain total estimates for 

each group. 

Unit-volume sampling 

An example of the results of the push net sampl 

method for age 0+ sh is presented in Table 7 for April 

. 1969. 

Table 7: Estimated number of age 0+ fish per unit volume 
in Small ctacles, April 1969. 

Lower stratum Upper stratum 
Volume No. of Volume No. of 

Sample filtered fish filtered fish 
(m3 ) (m3 ) 

1 0.46 139 0.80 153 
2 0.40 105 0.47 113 
3 0.62 248 0.58 191 
4 0.40 204 0.76 158 
5 0.36 105 0.66 219 ' 
6 0.65 236 0.47 44 
7 0.36 145 
8 0.40 149 

Mean no.fish /m
3 364+ 45.5 232+ - - 38.7 

The weighted mean for both strata was 300/m3 
+ 30.2 and the -



total volume of the lake was calculated to be 2,790m3 ; 

hence, the total population of age 0+ fish ivas esti

mated as 837,000 ± 30,954. 

79. 

A total of 3,804 age 0+ fish were sampled OVer all 

months (mean sample number per month = 12, range 8-14) and 

population numbers were estimated as for April 1969. 

Population numbers and mortalit~ 

Population curves (Fig. 4) describe the survival of 

in each year class over the study period. Empirical 

curVes (in most cases, 5th degree polynomials) were used 

rather than theoretically-based survivorship curves, as 

the latter did not adequately describe the complex changes 

which occurred in the population numbers. The number of 

bullies in this small lake was extremely high, particular

ly at the beginning of the study period, and ranged from 

an estimated total population of 1 .95 million fish (208/m2) 
·2· 

February 1969 to 124 thousand (21.6/m ) in March 1970. 

For comparison, Mann R.H.K. (1971) recorded maximum den

sities of Cottus RQbio, which has been shown to be a fish 

of similar size and life history characteristics, of only 

161m2 
in streams of southern England. 

A conspicuous variation in year-class strength is 

parent Fig. 4. The 1967 year-class ivas particularly 

strong; an estimated 313,250 sh of this year class were 

present at the beginning of the study period, and this fi

gure decreased to 66,400 at the end of the period compared 

with 27,200 of the previous 1966 year-class at the same 

stage in the life history. Survivors of the next year-cl~ss 

(1968) amounted to only 72,200 compared with the initial 

313,250 of the 1967 year-class. 

The maximum life-span of both Sexes was just over four 

years, although the popUlation did not maintain a 1:1 ratio 

over the whole of the life history. External sexing of the 

fish from the shape of the genital papilla was not possible 
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until the fish were one year old. At this stage, males 

predominated (sex ratios were 1.93:1 and 1.46:1 in 

favour of males in two di rent year classes). However, 

mortality of these males was greater than that of females; 

therefore by the time the fish had reached an age of app

roximately 2.5 years, the sex ratio did not differ signifi

cantly from 1:1. The ratio then remained balanced for the 

remainder of the life history. A similar predominance of 

males in younger fish was observed in Large Spectacles 

(1.48:1). Hopkins (1970), however, recorded a sex ratio 

of 1:1 for a stream population of ~. breviceps when fish 

could first be sexed in the field (age 1+), and there 'vere 

subsequently fewer males than females among the older fish. 

In association with the high population numbers and 

short life history, mortality 'vas also high. Annual mor

tality of age 0+ - 1+ fish (1968 year class) was 95.5%. 

Mortality of the next two older oups (1967 and 1966 year

classes) was slightly lo'ver; 78.8% and 88.9%, respectively. 

All of the remaining fish (age 3+ ) died the following 

• Mortality, hO\vever, 'vas not di buted evenly through-

out the year but showed a marked seasonal cycle, as demonstr

ated by changes in the mean monthly instantaneous mortality 

rates (Fig. 5). Mortality in all year classes was higher in 

summer and decreased considerably during winter. Further, 

. in all year classes except the 1967 female group, mortality 

was gher during the first summer of observations than in 

the second. Taking as an example the 1967 year-class males, 

multivari regression analysis indicated that within the 

year class, changes in mortality rates were associated with 

changes both in temperature throughout the year and in 

density of the total population (multiple c lation coef-

ficient := 0.906). Apart from mortality, factors which af-

fected the d ty were the sudden lowering of the water 

level during the first summer of study (surface area decreased 
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by 38% and volume by 87% in six months from February to 

August) and the subsequent failure of the 1969 breeding 

season to produce many recruits. Results suggest that 

the higher mortality during the first summer compared 

with the second could, to a cer extent, be density-

dependent and, also,that factors causing mortality act 

differentially throughout the year. 

POPULATION FECUNDITY AND RECRUITMENT 

A multiple regression analysis was carried out to 

inve igate the relationship between egg number (F), age 

(A) and Length (1) of a sample of females (n=58) prior 

to the breeding season. Simple correlation coefficients 

between age and fecundity, and length and fecundity were 

both highly significant (P<0.01) (r=0.776 and .920, 

respectively). Partial correlation coefficients, however, 

'vere significant between length and fecundity only. (rp= 

0.785) and not bet1veen and fecundity ( - 0.044). 

Length of the fish was therefore the more important vari

able influencing fecundity, and age did not affect fecun

dity except through s relationship with length. Either 

length or age could be used to predict fecundity of an in

dividual fish; however, the use of age was much more con

venient for estimating the total fecundity of the population. 

Further, the error involved in predicting cundity from 

length data alone involves an additional component, aris

lng from the estimation of the mean length of an age group. 

Age was therefore adopted as the independent variable in 

subsequent calculations for estimating fecundity. The rel-

ationship between fecundity and length ( • 6a) is given 

by (method of Bartlet~, 1949): 

-1.609 + 2.313 (± 0.291) log 1 
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and the rElationship between fecundity and age (Fig. 6b) 

can be expressed by (method of least squares): 

Fecundity was defined as the number of eggs laid per 

female, and is not necessarily equivalent to the number of 

eggs present in the ovary before breeding. To estimate 

the retention of mature eggs during breeding, a sample of 

92 ovaries were examined after the breeding season and 

the number of mature eggs still present \Vere counted. A 

mean number of 3.9 + 0.86 eggs per female were retained, 

this being regarded as negligible; hence, the number of 

mature eggs present in the ovary before breeding estimates 

adequately the fecundity of a fish. 

Sex and age structure of the breeding population 

The' percentage of maturs fish within each age .group 

ln Large Spectacles during the 1969 breeding season was 

given earlier in Chapter 3. In this section, the percent 

maturity for Large Spectacles is considered with respect 

to the total population of fish in Small Spectacles during 

the 1969 breed season, to provide information on the 

sex and age structure of the breeding population in the 

smaller lake. 37.4% of the females within the population 

were capable of spawning but, because of the larger size 

at maturity in males, only 6.8% of the male population 

were breeding. Taking into account the sex ratio of the 

total population during the spawning season (1 .53 males: 

1 female) it follo\vs that 3.7 sexually mature females 

were present to everyone sexually mature male. 

The age structure of the breeding portion of the pop

ulation, both females and males, is presented in Table 8. 
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Table 8: Age group structure of the breeding population 
Small Spectacles. 

Age 

1+ 
2+ 
3+ 
4+ 

Females 

% mature 
within an 
age oup 

3.0 
84.1 

100.0 
100.0 

% of 
breeding 
population 

4.6 
85.6 
8.8 
1 .0 

Males 

% mature 
within an 
age group 

0.0 
12.2 
93.3 

100.0 

% of 
breeding 
population 

0.0 
71 .5 
25.3 
3.2 

Age 2+ fish dominated the female breeding group whereas 

both age 2+ and 3+ fish were important the male group. 

The contributions of other groups were negligible. 

Population fecundity 

Only a.small minority of ripe fish laid eggs in 

Small Spectacles during the 1969 breeding season. The 

reasons for this lack of spawning are not clear, but it 

is possibly associated with the low level of the lake 

and the increased density of fish during this year of 

exceptionally low rainfall. It was possible, however, to 

determine a potential population fecundity by combining 

population estimates, maturity proportions and fecundity 

data from both lakes (Table 9). 

During this breeding season, age 2+ females (1967 year

class) had the potential to contribute 81% of the total 

egg complement of 4.2 million eggs in Small Spectacles. 

The age 1+ egg number is probably underestimated because 

the mean equency estimate of the whole age group was 

used although only the larger fish of the group were 

spawning. The contribution of the age 1+ group,however, 

was small and errors would not affect the overall total 

population fecundity. The fate of the eggs before hatching 

was then considered in order io estimate the potential 
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recruitment of larvae into the population. 

Tab 9: Estimates of potent population fecundity 
for each age group (mean + S.E.) 

Total no. 
Age females 

1+. 48,868 

3+ 

4+ 

(:t8 ,527) 

32,261 
(:t2 ,209) 

2,781 
(:t532 ) 

302 
(:t64 ) 

Total no. Mean Total no. 
mature fecundity eggs 
females (eggs/female) laid 

1 ,466 17.0 24,922 
(:t774 ) (:t17 . 6 ) (:t28 ,963) 

27,099 126.0 3,414,474 
(:t3 ,552) (+9.4) (_ 15,461) 

2,781 236.0 656,316 
(:t532 ) (:t8 . 5 ) (±127,505) 

302 346.0 104,492 
(±64) (±17.5) (_ 2,765) 

Total populationfecundity= 4,200,204 
(±532,273) 

Egg survival and recruitment 

Independent estimates were made of the survival of 

eggs in nests which successfully produced larvae and the 

proportion of successful nests in the spawning study area. 

A combination of these estimates gave the total survival of 

eggs. The initial number of randomly-selected nests and the 

mean number of eggs laid per nest is given for each month 

of the breeding season in Table 10. One third of the nests 

were followed through to hatching and the mean number of 

eggs at laying, the mean number of surviving late-stage em

bryos, and the mean number of emergent larvae from these 

nests are also esent~d. 
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Table 10: Mean number of eggs (+ S.E.) of P. breviceps 
laid per nest and survival of eggs in nests 
(1969 breeding season) 

No. Mean No. Mean Mean Mean 
of no. of no. no. no. 

Month nests eggs nests eggs embryos larvae 

Oct. 10 602+156 4 947 639 503 
Nov. 13 669+ 91 5 868 747 595 
Dec. 2 538""" 0 

Mean % survival == 

% 
sur-
vival 

53.1% 
68.5% 

61 .3+ 
2.2% 

The grand mean number of eggs laid per nest in the 25 nests 

sampled was,632 ± 75. However, it was shown ,previously that 
" , 

the highest observed fecundity of an individual female was 

only 440 eggs, and the mean fecundity calculated from the 

mean length of breeding females was only 120 eggs (Fig. 6a). 

The difference between the mean number of eggs per nest and 

the number of eggs laid by a mature female indicates that 

each nest, vhich is guarded bya single male, con'sists of 

eggs from an average of 5.3 females. A large individual 

variation in egg number existed between nests, arising from 

the variation the number of females contributing to each 

nest. Examination of a nest, hovever, does not reveal this 

polygamous laying, as seen in Fig. 7. 

Consistent results were obtained between the independent 

estimates ~f the ratio of breeding males to females (1 :3.7) 

and the number of femaies contributing eggs to the nest of 

one male (1:5.3) indicating that males are polygamous in 

breeding and fertilize eggs from several females in the in

itial stages of nest formation. This agreement also supports 
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the conclusion that the majority of f. breviceps ln 

Spectacles Lakes spawned only one batch of eggs. 

There were no significant differences between months 

ln percent survival of eggs during the developmental 

period. The grand mean percent survival for the entire 

breeding season was thus estim~ted to be 61 .3%. This es

timate of egg survival does not include any allowance 

for unfertilized eggs. However, accounts of breeding be

haviour of other Eleotridae (Cranfield, 1962, unpublished; 

McDowall, 1965; Woods, 1967, unpublished) suggest that 

the presence of a genital papilla in males ensures a high 

degree of fertilisation. The grand mean percent survival 

was based on observations of only a small sample of nests 

but individual variation in survival between nests was 

not large; 95% confidence limits were calculated as ± 4.8% 

after arc-sine transformation. Few dead eggs were observed 

in the nests, suggesting that the attendant male removed 

dead eggs f~om the nests, as'was also reported by Burnet 

et al. (1969). 

Larvae were successfully produced in a monthly aver

age of 71% of a sample of nests laid in the study area. 

(Table 11). The resultant total egg survival, estimated 

by combining these results with the egg survival results 

in Table 10, are also given in Table 11. 

Table 11: Nest success of P. breviceps in the spawning 
study area and total egg survival during the 
1969 breeding season. 

Oct. 
Nov. 
Dec. 

Nest success 
No. of nests No.succes

sful 

10 
28 

4 

7 
'21 

2 

%success 

70% 
74%' 
50% 

Mean 71.0+7.0% 

Total 
survival 
survival 

37.2% 
50.7% 
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The maln causes of nest loss were desertion of nests by 

attendant males and drying out of nests as the water level 

receded. 

The grand mean total egg survival the study area 

dur the 1969 breeding season was estimated as 43.5% 

(95% confidence limits of 31.1% to 55.9%). 

Combining the population fecundity estimates and egg 

survival data leads to potential estimate of 1,827,100 ± 
348,300 larvae hatched during the 1969 bre season. 

An approximate estimate of the number of recruits result

ing from the 1968 breeding season could also be obtained, 

by extrapolating the population curve for age 0+ fish 

( g. 4) back 1.5 months to the middle of December (mid

point of hatching period). This figure of 2,596,000 larvae 

is reasonably consistent with the estimate obtained for the 

following year (i.e. 1 ,827,100), cons ing the observed 

variation ln year-class strengths. This consistency helps 

substantiate intermediate estimates of matutity proportions, 

fecundity, and population numbers. 

GROWTH IN LENGTH 
geometric mean length of each age group ln Small 

Spectacles is given in Table 12. The error in estimating 

mean lengths was small, ranging from a standard ~rror of 

0.12% of the mean for the youngest age group captured in 

trap nets (age 1+ - 2+) to a maximum error of 3.5% in older 

groups. Males from age 1+ onwards became successively· 

larger than females until at the maximum mean length, 

males were 77.7mm compared with 64.7mm for females. 

growing season for both sexes, as indicated by 

changes length, extended over only seven months of the 

year and growth ceased ent ely during the winter months 

from May to September. 

Differences in owth in length between year classes 

were also obvious (Table 13). 



Table 12: Geometric mean· length (mm) (+ 95~ confidence limits in parentheses) each month for ~ breviceps 
in Small Spectacles. (JuveniIe fish have been included as males) 

Month 

1969. 197q 

Age Feb. Mar. Apr. May Jun. Jul. . Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. 

MaJ.p.s 
0+ 12.7 24.1 32.6 

(1 .2) (0.8) (0.9) 

.0+-1+ 15.2 18.5 19.4 20.0 19.9 20.2 20.9 21 .0 21.9 26.6 33.5 41.2 44.2 49.6 
(0.9) (0.3) (0.3) (0.4) (0.4) (0.3) (0.3) (0.3) (0.3) (0.3) (0.3) (0.2) (0.4) (0.2) 

1+-2+ 36.1 36.9 38.2 38.5 38.2 37.9 38.4 39.0 39.6 . 40.9 46.1 48.0 53.3 56.0 
(0.2) (0.1 ) (0.4) (0.2) (0.4) (0.2)' (0.3) (0.1 ) (0.3) (0.1 ) (0.4) (0.2) (0.5) (0.1 ) 

2+-3+ 58.3 58.6 59.1 59.7 59.6 59.5 59.5 58.9 61.6 62.2 63.5 63.6 66.5 68.0 
(0.3) (0.4) (1 .2) (0.5) (1 .6) (0.7) (1 .0) (0.7) (1 .6) (1 .0) (3.3) (2.1 ) (3.8) (1 .4) 

3+-4+ 67.9 70.4 69.4 69.6 70.3 69.9 70.6 71.2 72.8 73.0 74.6 77.7 
(0.9) (0.9) (2.5) (0.9) (3.3) (1.8). (2.2) (1 .6) (2.5) (1. 1 ) (3.0 ) (2.3) 

Females 
0+-1+ 32.6 39.3 41 .9 45.8 

(0.3) (0.1 ) (0.3) (0.1 ) 
. 1+-2+ 35.4 35.6 36.2 36.3 35.7 36.3 37.0 37.7 38.4 39.4 40.3 44.9 47.5 51 .6 

(0.2) (0.2) (0.5) (0.2) (0.2) (0.2) (0.4) (0.1 ) (0.4) (0.1 ) (0.2) (0.2) (0.3) (0.1 ) 

2+-3+ 51.2 52.2 52.4 53.4 53.1 53.1 52.7 53.7 52.S 53.3 56.4 57.1 59.6 61.4 
(0.3) (0.3) (0.9) (0.3) (0.6) (0.4) (0.6).· (0.4) (0.8) (0.5) (3.7) (1 .5) (3.2 ) (0.8) 

3+-4+ 58.0 59.9 60.4 60.9 60.4 63.1 60.9 61.5 60.4 59.7 64.7 
(2.0) (0.9) (1 .2) (3.0) (2.0) (0.7) (1 .9) (1 .7) (2.2) (4.2) . (2.0) 
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Table 13: Differences in mean lengths (mm) of the dif-
ferent year classes of corresponding age be-
tween February 1969 and February 1970 
(juveniles (age 0+) are expressed as males) . 

Males Females 

Age Feb. Feb. Difference Feb. Feb. Difference 
1969 1970 1'969 1970 

0+ 1 5 . 1 5 24.11 +8.96 
1+ 36.11 44.23 +8.12 35.39 41 .92 +6.53 
2+ 58.34 53.26 -5.06 51 . 17 47.51 -3.66 
3+ 67.85 66.53 -1 .03 57.97 59.61 -1 .64 

The differences in the mean length attained by the various 

year classes were negatively correlated with the relative 

numerical strength of each class. In the weaker 1969 (age 

0+ - 1+) and 1968 (age 1+ - 2+) year-classes, growth in 

length was higher than for the two previous year classes 

(1968 and 1967, respectively); in the parti6ularly strong 

1967 year-class, growth was correspondingly lower. Sim

ilarly, in the 1966 year-class (age3+ - 4+) growth was 

lower than in the 1965 class. This effect of density 

appeared to act within, rather than between, year classes 

and the growth rate of a particular year class was not 

significantly affected by the densities of adjacent groups. 



DISCUSSION 

Movements and dispersion 

The most important conclusion arising from the study of 

the movements and dispersion of R. breviceps was that the pop

ulation was a discrete, freely-mixed unit, bounded by the edge 

of the lake. Northcote (1967) points out that even in small 

inland waters, especially for a small fish, the discreteness 

of the ~opulation cannot be assumed. For example, the pop

ulation boundaries of the redside shiner, Richardsonius 

balteatus, in two small Briti~h Columbia lakes, because of the 

highly variable nature of the fish mpvements, could not be ade

quately defi~ed (Lindsey and Northc?te, 1963) •. Further in many 

populations the basic parameters of recruitment ·and mortality 

are confounded with the effects of immigration and emigration. 

HOI~Yer, because the Small Spectacles population was both discrete 

and closed, changes in population numbers could be attributed 

dire~tly to recruitment and mortality, and the effect of changes 

of these basic parameters on the production of the PQPulation 

could be determined directly. 

Within the population, bullies exhibited a clumped pattern 

of dispersion, and fish of different ages were partially seg

regated into areas of differing depths. The age groups have 

been shown previously to feed on different foods, and to move 

and feed at different times of the day, especially in summer 

(Chapter 3). The differences in dispersion observed between 

age groups fuither segregate the groups and, consequently, each 

age group may be considered to occupy a different ecological 

'niche' within the population. As with many of the other dif

ferences recorded between age groups, differences in dispersion 

appear to be a function of the size of fish rather than a direct 

function of differences in age. Consequently, small differences 

between sexes also occur which are therefore related more to the 

size differences between sexes than to differing behaviour of the 
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sexes themselves. The stance moved by ~ish away from a rel-

ease point was also a function of the size of fish, which sup-

ports the earlier find (Chapter 3) that older and larger 

fish exhibit a higher locomotory activity. Increased loco

motory activity, however, can result from either an increased 

frequency of movements within the same general area or an in

crease in the distance moved, both of which result in. higher 

trap catches. In the present case, differences between age 

groups seem largely attributable to increased distance moved 

by older fish. Watt (1959) r~corded a similar increase in dis-

tance moved by older smallmouth bass, 

Lacepede, in Lake Huron. 

dolomieui 

Increased activity of older fish es increased ex-

penditure of ,energy compared with smaller fish. Mann K.H. 

(1967, 1969) has suggested that it is sufficient' to double 

the standard metabolic expenditure of fish measured under lab

oratory conditions to allow for the activity of fish in nature. 

However, in I. breviceps the activitY,of a fish 70mm in length 

was at least six times greater than that of a 40mm fish, and 

this variation should be considered in extrapolat 

results to the natural situation. 

Recruitment 

laboratory 

It is unusual for a fish speCles to have a small number of 

1 polygamous breeding males compared with females (Nikolsky, 

1963), although it is more common in species where the male 

protects the offspring. The l~rger size of the breeding males in 

P. was found to be a function of both a faster growth 

rate than females and a greater age at maturity. Nikolsky (1963) 

suggests that the larger size of males is a protective adaption. 

This is probably the case for P. breviceps in which the populat

ion is structured on a size hierarchial social system, large 

males be dominant and therefore more successful in guarding 

the nest om smaller members of the population. The eggs of 

deserted nests were quickly eaten by other bullies. A more 
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efficient utilization of the limited shore spawning area is 

also provided by the presence of a small number of polygamQus 

males; fewer territories and nest s es are required but a 

large number of females may still lay s in the spawning 

area. 

The high degree of parental care by male f. breviceps 

leads to a high survival of eggs. Comparative data o~ other 

fish species based on adequate methods of study are not num

erous but those available ind ate that survival of eggs, esp

ecially in species that do not form nests, is comparatively 

low. For example, both Rupp (1965) and Rothschild (1961) record 

the survival of eggs of the American smelt, Osmerus mordax 

(Mitchell) to be between 0.05% and 1%; Forney (1968) calculated 

the egg surv~val of the northern pike, Esox ius L., to be 

on an average 17.5%. McNeil (1965), summarizing egg survival 

data of both chum and pink salmon eggs and alevins up to the 

stage of emergence from redds, concluded that survival was 

normally less than 25%; the hatching of sea-lamprey larvae 

from nests two Lake Superior streams averaged 6.3% over 

three years (Manion, 1968). Higher survival of eggs is repor

ted for some salmon and trout populations but many of these 

estimates are based on ratios of dead to live eggs In redds, 

which are considered to be positively biased by both McNeil 

(1964) and Phillips and Ko (1969). The egg survival of 44% 

recorded in the sent study therefore re sents a moderately 

high survival figure. FUrthermore, this figure is probably 

minimal ,as loss of nests caus~d by drying-out was accentuated 

by the dry conditions prevailing in the 1969 spaw'ning season. 

Associated with the high survival of eggs is the compara-

'tively low fecundity of f. breviceps. To compare the fecundity 

with other cies of fish, the size, age at maturity, frequency 

of spa,ming and the life span of individuals were taken into 

account using the formula suggested by Jogansen (1955). This 

provides an approximate measurement of the specific fecundity. 

The specific fecundity of f. breviceps was calculated to be 
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3.0, which is low compared with values ranging from 1 to 210 

given by Nikolsky (1963) for other speci~s of fish. lvoods 

(1967 , unpublished) also showed that f. 
a smaller number of eggs compared with other 

Zealand Eleotridae. 

produces 

cies of New 

The study popUlation of f. breviceps therefore produces 

a relatively small number of large eggs compared with other spe

cies of fish and, by virtue of its highly organised social 

structure and parental care, the survival of eggs to the stage 

of hatching is relatively high. 

Accuracy of population estimates 

The requirements necessary for ?btaining an unbias 

population estimate from mark-recapture analyses have been . ' 

discussed in full by Ricker (1958) and Southwood, (1967). The 

most important of these requirements for estimation of the P. 

breviceps population were that: 

(1) fin clipping of fish caused no increased mortality, and 

(2) all fish, regardless of mark status, had equal obability 

of capture. 

Information was available to check both of these major assump

tions, which are considered in turn below. 

Fin clipping of fish has been shown in some cases to induce 

extra mortality, although the effects are frequently long-term 

results of disabilities incurred by being marked ( for example, 

Ricker, 1949; Phinney and M'athews, 1969). Use of either the 

Peterse~ or Schnabel e imate,however, required that the effects 

of marking were negligible during the week of ~ampling only. 

Experiments conducted both in the laboratory and in a lake en-

. closure, which were reported earlier Chapter 2, SUbstantiated 

the conclusion that f clipping had no adverse mortality effects 

over the short time period. The only exception was during Sep

tember, when both the paucity of recaptures and the difficulty 

encountered in handl the fish indicated that reased mor

tality did occur. 
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The second requirement listed above includes that (i) fish 

of different size, age or sex were sampl~d in the proportion 

ln which they occurred, (ii) the behaviour of fish we~e not 

affected by handling and marking, and (iii) marked fish became 

completely mixed in the population and/or sampling ,vas at ran

dom. 

The selectivity of the trap nets for fish of different 

sizes has been fully discussed previously. It was shown that 

stratification of the population into 10mm size-classes was 

necessa~y to reduce the effect of this bias. There was no 

selection for fish of different age or sex that was not explain

able by the effects of size. 

Within a size group, it was then of particular importance 

that marked fish behaved similarly to the unmarked fish. Two 

obvious effects of marking need further consideration in this 

respect. Firstly, stott (1970) demonstrated an increased act 

ty of Perca fluviatilis for a short period after being released 

back into the population, hence increasing the probability of 

capturing these sh in trap nets. Secondly, removal of f may 

affect the mobility of fish, again affecting their probability 

of capture.Point-dispersal experiments demonstrated, however, 

that the probability of capturing marked R.. breviceps released 

from a single point did not decrease with time over the experi

ment, suggesting that the fish settled down quickly after be 

released and, subsequently, behaved normally. A further check of 

this conclusion, as well as a check of the mobility of fish,'\vas 

to comp~re the ratio of marked:unmarked fish captured in trap 

nets and in push nets. No 

ed throughout most of the 

'0.02, P 0.90), although 

significant differencies were detect-
" 2 

year (for example, for July'X. = 
in January 1970 a significant dep~rt-

ure was recorded. Marking during January was done by clipping the 

posterior lobe of the caudal fin which, in contrast to clipping 

the ventral and anal fins, reduced the mobility of the marked 

fish by approximately half. This effect was discovered at the 
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time of sampling, and push net samples ~nly were used to ob

tain population estimates for this month. 

The requirement that marked fish are completely mixed in 

the population often provides a serious obstacle to obtaining 

accurate population estimates, especially where sampling sites 

are fixed or sampling includes only one part of the population. 

A local example is given by Percival and Burnet (1963). However, 

the stratified random sampling plan adopted, in conjunction with 

the observed high potential for dispersal of P. breviceps from 

a fixed point, provided random recapture of marked fish over 

the entire lake. This requirement was most easily checked for 

the Petersen estimates, where', for example, during the Febru

ary census, the ratio of marked to unmarked fish was similar 

between all .sampling sites (G value = 17.08, P 0.50). 

No direct check of the accuracy of the population estimates 

obtained could be applied but because the assumptions inherent 

in the method did not appear to be violated, the results can be 

accepted as providing true estimates of population Slze. Mark

recapture methods further required that during the Schnabel 

estimate, a period of approximately one week, the population 

remained constant in size. Although mortality could obviously 

not be controlled, sampling periods were only as long as 

necessary to provide sufficient recaptures for a reliable est

imate. 

Factors affecting population numbers 

Lack (1954) suggested tbat factors affecting population 

numbers should be considered in relation to recruitment, mor

tality and movements. It is general opinion among fisherie~ 

biologists that mortality of young stages after hatching, esp

ecially in salmonid populations, is the most critical factor 

in determining population numbers. This, however, was not the 

case in both populations of P. breviceps in Spectacles Lakes. 

During the same breeding season (1969), breeding proceeded 

normally in Large Spectacles and mortality of young stages 



appeared critically high, but in Small Spectacles breeding 

was restricted and recruitment was severely limited. 

95. 

In Small Spectacles, eggs began developing in the ovar

les of fish but before the breeding season many eggs were 

resorbed and only a few females became ripe and spawned. With

out information on the food resources of the population, it 

is difficult to discern the proximate cause~ of this. pheno

menon (Watson and Moss, 1970). Fecundity of fish populations 

can be affected by both variation in food supply and quality 

(Se ott, 1962; Bagenal, 196'r) and by physiological stress 

arising from increased density of fish even with excess food 

supply (Rose, 1959 ). Both of these effects would be greater 

at higher densities .and, in this se~se, would provide a densi

ty-related ~egulating mechanism. For a period of eight months 

prior to the breeding season, the population of- R. breviceps 

in Small Spectacles was confined in a lake of decreasing 

area and volume, and it is therefore likely that density ef

fects on fecundity were important. Movement away from the area 

was not possible and the situation in this small lake was sim

ilar in some respects to that in laboratory studies, where 

dominance behaviour and spacing have been shown to play an lm-

portant part in limit population numbers. 

Several other factors could also affect the recruitment 

of fish into the population, and although in 1969 these were 

overshadowed by the drastic changes fecundity observed in 

Small Spectacles, they would be much more important in other 

years of more stable conditions. One aspect of the reproduc 

ive biology of R. breviceps which warrants further attention 

is the presence of three size groups of eggs the ovaries 

of female fish prior to the breeding season. During the 1969 

breeding season only one group of eggs was laid by the major

ity of females. No direct evidence is available on the number 

of broods laid by R. breviceps in other populations (although 

Woods, 1967 unpublished, concluded, mainly from data pertaining 
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to other species of New Zealand Eleotridae, that two broods 

are laid by all ~. breviceps). Under conditions of lower 

density and/or more abundant food resources, it is possible 

that two broods may be laid, the system thus providing an 

important population limiting mechanism. 

Survival of eggs in nests guarded by males averaged 61% 

during the 1969 breeding season. However, when the male de

serted the nest no eggs survived. The importance of terri

torial behaviour of the bra ing population in limiting pop

ulation numbers has been strongly disputed (Lack, 1954, 1966; 

Wynne-Edwards, 1962) and although no further evidence is avail

able from the pr~sent short-term study, it is worth considering 

potential mechanisms as a guide to ~urther study. The parent

al care of males was of such importance to the survival of 

eggs that any possibility of differences in the. level of inter

ference both between breeding males and between the breeding 

and the non-breeding portions of the population, at different 

densities, would act to give compensatory survival of eggs at 

high and low densities. 

In Large Spectacles, in contrast to the situation in 

Smal~ Spectacles, mortality was a more important factor than 

recruitment in affecting the population numbers during the 

period of study. During the ~ummer of 1969-1970, at the time 

of maximal temperatures, a marked increase mortality ocur-

red as a result of an epidemic of 'white spot' disease, 

Ichthyophthirius. Heavily 'infected dead fish could be seen· 

strewn. on the bottom of the lake at densities of up to 10/m2 • 

The disease selectively killed younger fish and very few sur

vived this period. Parasitism appeared to be of particular im

portance in the absence of interspecific predation. The in~ 

cidence of trematodes, Stegodexamene anguillae Macfarlane, and 

nematodes were also highe 

In Small Spectacles, apart from the lack of recruitment 

during the 1969 breeding season, mortality was an important 
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factor affecting population numbers esp~cially in summer. A 

partial dependence of mortality on the density of the Small 

Spectacles population was also recorded. The period of highest 

mortality during the life history was observed several months 

after hatching, during the first summer of life. Intraspeci

fic predation was of particular importance during this time. 

Calculations based on food consumption and food habi~s data 

showed that such predation accounted for a mortality of 17% 

in age 0+ fish per month during summer. With a lowering of 

the food consumption rate iri winter, this effect became less 

important. Approximately 70% of the observed mortality of 

juvenile fish could be explained by intraspecific predation. 

As in Large Spectacles, the incidence of 'white spot' 

disease incr.eased during the summer period, and partially 

explains the difference in mortality rates between seasons, 

although the effects of this disease were not as great as in 

Large Spectacles. 

Other factors causing mortality are, however, conject

ural. It was considered that thermal and oxygen stress may 

have been a factor contributing to mortality during spring, 

when-many fish were seen swimming feebly near the surface of 

the lake in a manner characteristic of this type of stress. 

Social stress, although not often considered to be an im

portant mortality factor, could also have been important in 

the present population. In laboratory aquaria under conditions 

of crowding, high mortality of R. breviceps occurred and death 

- was often associated with a characteristic flexure of the verte

bral column with the head thrown back and the opercula open. 

In the lake especially in summer, fish were sometimes seen 

which had died in this posture suggesting death through this 

cause. 

All of the mortality factors discussed could be expected 

to be more severe during periods of increasing and high water 

temperatures. Also, all the factors, with the exception of 
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temperature and oxygen stress, could be. considered to act 

more severely at times of higher ity. 

Le Cren (1965), in discussing the differences between 

fish and other animal populations, pointed out that con

sideration of population numbers alone is not sufficient in 

an examination of the factors affecting size of fish populat

ions; the growth of the individuals must also be considered. 

The dependence of fecundity and maturity on the size of fish 

has been demonstrated for E. . Any changes in growth, 

therefore, will affect both the size of the breeding popu

lation and the fecundity of the fish. 

Factors affecting growth in length ' 

Growth ·in length and growth in weight generally vary 

together, although led studies (e.g.Coche; 1967) have 

shown that significant changes between linear growth and 

growth in weight do occur, as indicated by differences in 

length:weight relationships during the year. Growth in length 

has been consider in this chapter mainly as a preliminary 

to estimation of growth in weight, production, food consump

tion' and efficiency of food utilization of the study populat

ion. However, it is of value to consider changes in owth in 

length since they demonstrate the important seasonal cycle of 

growth as well as the influence of other members of the popu

lation on growth rate. 

The importance of temperature as it affects general act

ivity, 'standard metabolic rate and food intak~ has been recog-

nised many studies, and seasonal changes in growth rate have 

been often correlated with seasonal changes in temperature. 

Growth in length took place in Small Spectacles for seven months 

of the year, although over half the year's growth occurred 

during November, December and J'anuary when the temperature was 

highest. Growth ceased entirely during May and did not recom

mence until the following September. The mean water temperatures 
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for May and September were 4 0 0 and SoC, respectively. 

Work by Johnson (1966), Gross, Roelofs and Fromm 

(1965) and others has suggested that an explanation of the 

seasonal growth cycle must also involve the influence of light, 

acting through changes in day length. Johnson (1966) demon

strated a significant seasonal change in metabolism during the 

late spring in the pike (Esox )only partially -correlated 

with temperature, while Gross et ale (1965) demonstrated under 

experimental conditions that changing day length greatly 

affected the rate of growth of een sunfish (Lepomis cyanella) 

at constant temperature. 

'fhe importance of food availability as an environmental 

factor influencing growth under natural conditions is diffi

cult to demonstrate without a detailed knowledge of the fe 

ing behaviour of both fish and of factors affec~ing the prey, 

as well as information on the relative abundance of prey 

species. However, the importance of food in affecting the 

growth of fish has been demonstrated in many laboratory stud

ies, and the relationship between food consumed and growth 

under conditions of differing temperature and season pro-

vides a popular indirect method of assessing the food con

sumption of fish under natural conditions. The inverse relation

ship often observed between growth rate and density of fish 

populations is frequently explained in terms of varying levels 

of competition between fish for a limited food supply; at 

times of high density, competition is said to be high and the 

- resultant growth of individual fish less. The differences 

between age groups of r. breviceps in feeding periodicity, 

food habits and habitat preferences have been stres~ed earlier, 

and the observation that growth within a year class was 

versely proportional to the numerical strength of the class, 

suggests the importance of the degree of competition for food 

with respect to growth within the age group rather than between 

age groups. 
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However, the importance offactors affect feeding In-

tensity, regardless of food supply, are also important. 

Brown (1957) and Ivlev (1961) gave examples of experlments in 

which crowding of fish resulted in a decreased intensity of 

feeding. Consequently, space self may have a limiting effect. 

In a population such as ~. in Small Spectacles, 

which is structured on a size hierarchial social system, in

terference would be expect to be greater between fish of 

similar size. Thus effect of density on growth through dom

inance behaviour would be expected to be greater within age 

groups rather than between age groups. 

Having observed the results of these possible mechanisms 

operating the natural situation,.it would now beintersting 

to determine experimentally the relative importance of the sug

gested mechanisms affecting the growth rate of E. breviceps. 

However, regardless of the proximate cause of the observed 

growth-compensatory effect within age groups, the phenomenon 

stresses the importance 'of considering regulation of biomass 

and production of fish populations (functions of both numbers 

and weight) and not just population size alone. 
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INTRODUCTION 

Little information is available on the production and 

energy relationships of small fish. However, recently Mann 

R.H.K. (1971) has demonstrated that bullheads, Cottus gobio, 

formed the main component of the production of fish _in sev-

eral chalk streams southern England, their production 

reaching very high values (up to 43.1 g/m
21 annum compared 

with rGsults published for salmonid stream populations (Le 

Cren, 1969). Only one na al single-species population, that 

of the brown trout, ----'--- , in the Horokiwi stream, 

New Zealand, surpas~es this value w~th a production of 54.7 
2 

g/m I annum, (Allen, 1951). 
Production s sense refers to the amGunt of tissue 

elaborated during a given time interval, regardless of the 

fate of that tissue (Ivlev, 1945). This population production 

(p) may occur through reproduction (p ) and also through bodily 
r 

growth of individuals already present in the population (p ). 
g 

The production of reproductive products (p ) in fish pop-
r 

ulations has received little attention until recently. Authors 

of numerous owth studies and several production studies have 

considered total growth and body production only and have failed 

to consider the energy produced by the adult population as sex

ual oducts. Mann, K.H. (1965) sh01ved that production of eggs 

and sperm comprised 15.8% of the total annual production ofa 

popul ion of roach, Rutilus ,rutilus in the River Thames, while 

Le Cren (1962) showed that 88.7% of the annual production of 

adult rch, rca fluviatilis, in Lake Windermere 1940 was 

released as eggs and milt. On the other hand, Mann R.H.K. 

(1971) estimated that the production of eggs was only a small 

proportion (0.9 - 7.5%) of the total production in bullhead 

populations although the weight of eggs could account for up 

to 30% of the weight of a ripe female. Clear further in-

formation on the relative importance of the two components of 
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total production'Pr and P
g

, i~ needed for fish populations. 

For each individual in the population, the transfor

mation of food energy into growth involves three successive 

steps~feeding, assimilation and conversion of assimilated 

material to body constituents. A measure of the gross effici

ency of this process for the population is given by the ratio 

of production to food consumption over any given time period 

(KI of Ivlev,(1945) and ecological efficiency of Odum, 

1959). In previous studies more emphasis has been placed on 

laboratory experiments in which the relationships between 

food, growth and efficiency of an individual have been examin

ed;a recent re~analysis and-review of these studies has been 

provided by Paloheimo and Dickie (1966). However, much work 

at the population level is required (Mann K.H. 1969), as an 

efficiency value for a population is a more important para

meter than a value for a single individual in describing the 

magnitude of energy flow in to and out of a trophic level. 

Production depends, therefore, on the amount of food consumed 

by the population and the gross efficiency of food utilization. 

Most methods of estimating food consumption of fish are 

indirect, depending on relationships between food intake and 

either growth, metabolism or nitrogen excretion under labora

tory conditions. However, numerous factors are kno'vn to affect 

the feeding of fish and the utilization of food, many of. which 

can not be controlled in the laboratory. These factors include 

temperature, season, prevailing climatic conditions, type of 

food, food availability,and the behaviour of the ~ish (Hirata, 

1957; Ivlev, 1961; Warren and Davis, 1967). Hence, accurate 

data on the feeding rates of fish under natural conditions 

are desirable. Bajkov (1935) first suggested that a measure 

of 'digestion"' or food passage rate can give an estimate of 

food consumption under natural conditions. His method, however, 

lacks the refinement necessary to account for diel changes in 

digestion and feeding rates. An extension of this method, to 

measure food passage rates over smaller time intervals, was 



suggested by Davis and Warren (1968). Provided that it is 

possible to sample sufficient numbers of fish regularly 

throughout the day, the method should give a reliable 

estimate of food intake. In the present study the method 

has been modified to also give useful information on die 1 

periodicity of feeding and factors affecting food passage 

rates under natural conditions (Chapter 3). 
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Hatton (1970, unpublished) made a preliminary study of 

the energetics of one species of New Zealand Eleotrid~e, 

Gobiomurphus basalis, by determining oxygen uptake and act

ivity of three age groups over a range of temperature in the 

laboratory. Assimilation efficienc s of this species, fed on 

daily rations of dried Daphnia of 2% and 4% of the body weight, 

at 10
0

C and,20 0 C, were also investigated. There has been lit

tle other work on the production biology of New Zealand's na

tive fish, although Hopkins (1970) estimated the daily food 

consumption of f. breviceps in a stream environment by assum

ing that the efficiency of food conversion in f. breviceps 

was the same as that used by Allen (1951) for brown trout. 

METHODS 

Production 

Production due to growth 

The mean lengths of each age group at monthly intervals 

were given in Chapter 4. The,wet weight cortesponding to each 

mean length was subsequently derived from length:weight re

lationships established monthly from the Large Spectacles su

bsample (a total of 1039 bullies, which were also used for 

life history and feeding studies). Where necessary, wet weig

ht values were converted to dry weight values and calorific 

units from determinations of water content and the energy 

equivalent of fish from the October sample, as described in 
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Chapter 2. 

The length:weight relationship for P. breviceps could be 

adequately expressed as: 

where w is the weight in grams and the 1 the length in mill 

metres, a and b are coefficients obtained by linear regres

sion analysis applied to the logarithms of 1 and w, using the 

method of Bartlett (1949). Geometric mean length was used as 

a measure of central tendency of length, and the variance of 

predicting lug w for a given estimate of the mean length (log 1) 

was approximated by the delta method (Lindley, 1965): 

var log w = var log w + (l-og 1 ~ log 1)2 var b+b2 var l~ 1 
n 

Because sampling for length:weight analyses was stratified into 

5mm length-classes, the variance of log w was calculated as 

the pooled variance within classes, obtained from an analysis 

of variance. The mean of log I and the variance of b were ob

tained from regression analysis. By this method the geometric 

mean weight corresponding to the geometric mean length was 

used as a growth parameter, and not the conventional geometric 

mean weight corresponding to the arithmetic mean length. The 

difference between these estimates is not great however, the 

geometric mean being the lesser of the two values. 

Growth curves were then fitted to the cieari wet weight v~l~ 

ues us polynomials of successive powers. From these relation-

ships the mean weight of an individual from each age group at 

the beginning of each month could be calculated and the instant

aneous owth rate, assuming an exponential change in weight 

over a month's period, obtained from: 

G loge w2 - loge w1 

t2 - t1 
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where t1 and t2 are months 1 and 2,res~ectively. 

Production was calculated on the basis of exponential 

rate of growth and linear change in biomass over small time 

intervals, and summed to give annual estimates. Production 

(p ) for a given time interval (~t) is given by: 
g 

P G.B g 

or, ln energy units: 

where G is the inst~ntaneous growth,rate, B is the mean bio

mass and cb,is the energy calorific value of f. breviceps. 

Use of an exponential model is a convenient mathematical des

cription of weight changes over small time intervals; during 

such a period, the mean biomass can be calculated as: 

where B1 and B2 are the biomass {numbers (N) x mean individ

ual weight (w)) at the beginning. and end of each time inter

val. 

Production for the year February 1969 to February 1970 

was calculated for the population of E. breviceps contained 

in Small Spectacles by combining population data, given in 

the previous chapter, with length:weight:energy relations

hips of the bullies from Large Spectacles. Because of the lack 

of spawning in Small Spectacles during the study period, no 

population estimates or mortality data could be obtained for 

the early life-history stages of the 1969 year-class. The pro

duction of the early stages of age 0+ fish was therefore est

imated by extrapolating the population data for the 1968 year

class back 1 .5 months to the mean date of hatching. 
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Chapman (1967) has suggested that methods of estimating . . 
variance of products, which were used for determining the 

population parameters of growth, mortality and recrultment 

in Chapter 4, can also be applied to the calculation of error 

involved in estimating production. Hence: 

A 
var B 

~2 A A2 ~ ~h AA 
W var N + N var w + 2wN cov (wN) 

The estimated variance of B is then: 

var B 1/4 [var ~1 + var ~~ 

and the estimated variance of the production estimate is: 

A 

var P 
A2 ~ A2 A A~ A A 
G var B + B var G + 2 GB cov ·(G B) 

Production of sexual products 

The production of sexual products (p ) by an age group 
r 

was calculated from the formula: 

P = gW.N 
r 

-where gw is the mean weight of sexual products released per 

individual and N is the number of fish in the age group. The 

. mean gonad-weight loss (gw) could be determined from the 

change in the length:g6naa weight relationship of fish prior 

to and· after breeding. 

Food consumptio~ 

The method used for measuring food passage and food in

take rates of ~. breviceps during four-hourly intervals has 

been described in Chapter 3. Briefly, the method consisted 

of capturing a sample of fish every four hours throughout a 

replicated 24-hour series, and determining.the difference 
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dry weight of gut contents per unit dry weight of fish 

between the two parts of the sample. One part of the 

sample (approximately half) was killed on capture while 

the remainder was left for four hours in a food-free tank 

the lake. The daily ration could then be calculated 

from the formula: 

where DR is the daily ration in dry weight units as mg/g 

fish/day; for each four hour interval, G2 is the mean 

weight of gut contents of fish ,sampled from the lake at 

the end of the period, and G1b is the mean weight of gut 

contents of the fish kept in tanks for four hours and re

moved at the sam~ time (mg/g dry weight). 

The experiment was repeated each season but only one 

e group was considered in the autumn, winter and spring 

iments~ The differences' between age groups were ex

amined during the summer. Age group differences 'were con

sidered bymean~ of the relationship (Paloheimo and Dickie, 

1965): 

R 

where R 1S the food intake/ind 

b aw 

idual/unit time (i.e. DR 

x w), w 1S the weight of the animal, a is a constant de

fining the level of feedi per unit time when w = 1, and 

b defines the rate of change of food consumption with body 

weight. This simple model was used to determine the rate 

of food consumption of the other e groups in the autumn, 

",'inter and spring experiments. The energy of 'food intake 

for each age group was calculated as:, 
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,,,here cfis the ave calorific value of food estimated 

from stomach contents of each age group, using the 

October subsample collected for analysis of food habits. 

Gross efficiency of food conversion 

With information available on both production and 

food consumption of the diffe age groups, the gross 

efficiency of food conversion for e~ch age group during 

a given time interval (~ t) is g by: 

K = P / c g 

Both production and consumption ,,,ere 

weight/m
2
/day. 

essed as g dry 

The use of energy units for both production and con

sumption would have provided a more accurate estimate of 

efficiency. However, calorific values of fi and food 

were available for only one time of the year, and the 

application of this single value may have distorted the 

e iciencies at other times. Furthermore, at this time of 

the year, the calorific value of both fish and food were 

s lar and the use of dry weight therefore provided a 

s lar efficiency value as that obtained using calorific 

values. 

tors affecting gross efficiency were then examined 

by determining the relationships between food, body size 

and oss efficiency, using the model (K-line) suggested 

by Paloheimo and Dickie (1966). 
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RESULTS 

Although daily rations were determined using dry 

weight values, production, biomass and food consumption 

are all expressed in wet Iveight values for ease of com

parison with other published data. Energy equivalents 

are also given to provide the required information on 

energy relationships. 

PRODUCTION 

Length:weight:energy relationships 

Analysis of covariance was used to compare regres

sion lines of the form log w = a + b log 1, describing 

the ~ength:weight relationships of separate age groups 

sampled Bach month. In 24 of 26 analyses (13 months and 

2 sexes) the slope b did not' differ significantly between, 

age groups (p< 0.01)~ Differences in elevation (i.e. inter

cept) were significant only for April males, September 

males and September females (F= 5.466, d.f.= 3,48; F=14.412', 

d.f.= 2,40; F= 6.854, d.f.= 2,33; respectively). In the 

remaining two analyses, variances did not comply with the 

conditions of homogeneity of variances (Bartlett's test 

of homogeneity of variances), and age groups could not be 

compared for either slope or elevation. On the basis of 

these analyses, a common regression line for each sex 

which included fish from all age groups was considered 

sufficient to describe the length:weight relationship of 

P. brevic~ps for each month (Table 1). 

A b coefficient of 3.0 characterizes a f'ish having 

unchanging body form and unchanging specific gravity i.e. 

growing iso~etrically (Ricker, 1958). For males, b was sig

nificantly greater than 3.0 at the 0.01 probability level 



Table 1: Total body weight : length relationship for P. breviceps from 
Large Spectacles, March 1969 to March 1970. TWeight in g and 
length in mm)· (n= sample size). Relationships are of the 
form log w = a + b log I , 

Males Females 

n Coeff.s 95'YoCL Coeff.b 95"1oCL n Coeff.a 95%CL Coeff.b 95/'vCL 

1969 Har. 41 -5.048 0.017 3.057 0.13H 35 -4.980 0.013 3.012 0.117 
Apr. 53 -5.3<J1 0.010 3.257 H 0.069 3<J -5.325 0.021 3.223~f 0.150 
Na,Y 45 -5.267 0.011 3.1H9 H 0.074 35 -5.198 0.010 3.147~~ 0.076 
,J tl n • 50 -5.150 0.023 :3.110"* 0.082 34 -5.240 0.013 "3 • 1 66 H O. 0 <) 5 
Jul. 46 -5.2~,'( 0.013 3.184-»-)( 0.077 30 -5.29? 0.015 3 • 1 8211' O. 1 07 
Aug. 34 -5.165 0.011 3.1251" 0.095 38 -5.104 0.010 3.082 0.086 
:-)pp. 44 -5.293 0.010 3.213 H 0.076 37 -5.097 0.012 3.085 0.092 
Oc t. 52 -5.'554 O.OlH 3.3H7~)I 0.112 45 -5.372 0.012 3.275'" 0.083 
Nov. 4<J -5.5H7 0.010 3.404"'1 0.076 41 -5.503 0.017 3.355lU 0.136 
D(l C • 11 -5.605 0.011 3.-108 x )I 0.095 38 -5.250 0.016 3.1781"~ 0.075 

1970.JB.n. 43 -5.2H2 0.017 3.206"f* 0.146 28 ':"5.375 0.022 3.232" 0.21-1 
Feb. 44 -5 • 147 0.01 0 3.144.j1~ 0.067 33 -5.033 0.011 3.070 0.080 
Nar. 24 -5.092 0.018 3.098 0.179 33 -5.099 0.014 3.107 0.226 

)I significant deviation from 3.0 at 5% level 
M' significant deviation from 3.0 at 1% level 
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9 out of 13 months; these high values occurred during 

autumn, spring and early summer, and the coefficient de

creased in both winter and mid-summer. Females showed a 

similar cycle of b-coefficient changes although, over all 

months, the cae icient tended to be lower and was sig

nificantly larger than 3.0 in only 7 months. The differen

ces in length:weight relationships during the year were 

then examined. Both coefficients b and a di ed signifi-

cantly between months (F = 6.018 and 11.384 for males, 

and F = 3.192 and 9.933 for females, for differences be

tween slope and elevation respectively; d.£. 12,540; 

12,552 and 12,439; 12,451). Further more, both sexes 

b was negatively correlated with a over all months of 

sampling (r -0.992 and r -0.986 for males and females, 

respectively). Le Cren (1951) has pointed out that when 

the b coefficient changes significantly between months, 

, condition factors' or changes in the a coefficient, 

co mmonly used in fisheries biology to describe the. 

'general well-being' of a fish, can not be used to com

pare fish over the year. This applies particularly to 

the case where changes a and b are correlated; the 

regression line is then affected by differential changes 

in weight fish of different lengths. Therefore, changes 

1n 'cond ion' of P. 
-"";""'--"--

were considered in terms 

of predicted weight values for hypothetical fish of 20, 

50 and 70mm in length, using the regression lines given 

in Table 1 (Fig. 1). Both sexes exhibited similar seaso

nal changes except that females showed a larger decrease 

in weight during the breeding season compared with males, 

due to loss of eggs. Periods of higher weight values occur-

red in smaller fish in autumn, early ing and summer. 

Larger fish, because of developing gonads, showed a more 

marked spring increase and lowered values in mid-summer, 

winter and after breeding in late spr 
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To eliminate the effects of gonad weight changes, 

re ssion lines were also fitted to length:somatic weight 

(not including gonad) measu'rements and a similar analy

sis carried ovt. For these relationships, b coefficients 

~ere slightly less than for total weight regressions 

a similar cycle of changes occurred; b values for 

males ranged from 3.051 in March to 3.385 in November, 

for females values ranged om 3.008 to 3.309 for 

same months. Predicted somatic weight values followed 

same trends shown by total weight, indicating that 

body tissue undergoes seasonal changes, irrespective of 

gonad devlopment; i.e. a higher somatic weight relative 

to length occurred in autumn, spring and early summer. 

Dry ",reight of fish (obtained from the October sam

ple) could be derived from wet weight by the expression: 

, Dry ,veigl),t = 0.19 'Vet we 

The mean calorific value of body tissue, determined from 

t~o replicate subsamples from 42 homogenisedfish of all 

age groups, was 5,157 callg dry weight, (5,066 - 5,248). 

Eggs were higher in energy content, be 6,140 callg 

dry weight (5,987 - 6,293), while testes were 5,730 call 

g dry weight (5,612 - 5,848). 

Growth in weight 

Growth curves, fitted to mean wet weights by the 

method of successive polynomials, describe the changes in 

mean weight of an individual over the study period (Fig. 

2). Calculation of mean weight from mean length using re

gression techniques substantially increased the 

error of the weight estimate compared with the error of 

the mean length estimate. The minimum standard error cal

culated for mean length increased am 0.12% to 3.6% of 
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the mean while the maximum error increased from 3.5% to 

12.1%. This additional error is often not appreciated in 

growth studies and the reli~bility of growth results is 

often overestimated. 

The mean monthly instantaneous growth rate, calculated 

from the mean individual weight of each age group at the 

beginning of each month (Fig. 3), demonstrates the vari

ation rate of change of body weight with both age and 

season. Growth in weight decreases with increasing age, gro

wth being maximal during the first two months of life. 

Rate of change weight, like mortality, showed a marked 

seasonal cycle which, ho,v:ever, -differed among juvenile, 

male and female fish. In the age 0+ group, the growth 

rate decreased steadily throughout the first summer of 

life but was followed by a slight increase during autumn. 

The instantaneous growth rate became negative in winter, 

indicating loss .of ,,,eight,of the individuals at this time.In 

the following spring a; rapid increase occurred and gro"l"th 

was maximal in November. In all other age groups, periods 

of slower growth coinciding with the periods of decreased 

'condition' (i.e. mid-summer and early winter) were apparent. 

Negative rates were recorded for all groups in the e~rly 

,vinter period. In older fish, especially females, body 

weight changes were also affected by the shedding of sex

ual products during the spawning se~son (Oclober - Decem

ber). In the oldest female· group, weight loss of gonads 

exceeded weight gain of somatic tissue and an overall 

decrease in weight occurred at this time. 

Production due to growth 

Production due to growth totalled 276.68 + 57.83 kg 
3 . .-

(273.36 x 10 kcal) for the 13-month study period. This 
. 2 

represents an annual production of 39.41 ± 8.24 g/m 

(38.94 kcal/m2 ) for the year February 1969 to February 
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1970. Productio~ of young fish during the f st 1.5 

months of life is not included in this estimate, however, 

because of the lack of recruits from the 1969 b~eeding 

season in Small Spectacles, Using the 1.5 months extrap

olated results from the 1968 year-class (age 0+), an 

additional 127.60 + 23.80 kg of production was calcul

ated. This value has been included in consideration of 

the contributions of the various age groups to the pop

ulation production. Thus, the 1968 year-class (age 0+ -

1+) contributed 70% of the annual production, while the 

1967 year-class added a further 27.5%. The two oldest 

year-classes (age 2+ - 4+ fish) contributed only 2.5% 

of the popUlation production due to body growth. A sum

mary of popUlation data, monthly biomass and production 

is included as an appendix. 

Production could be calculated to within a weighted 

mean standard error of 21 .0% of the estimated value for 

all age groups combined. Less reliable results wereob

tained for older age groups (S.E. of 28.0% of the estimate) 

but because these groups contributed little to the pop

ulation production, these estimates ~re relatively unimp

ortant. The highest contributing component to the total 

variance arose from the estimation of popUlation numbers. 

The weighted mean standard error for estimating the number 

offish in each age group over all experiments IvaS 13.7% 

of the estimate, whereas mean weight estimates were measured 

to within an average of 4.5% of the mean. From these 

results a reliable estimate of production was obtained. 

The mean biomass of ~. breviceps over the 13-month 

period was 21.98 g/m
2 

(21.94 kcal/m
2

) •. Maximum biomass 

of the total popUlation occurred during February in both 

1969 and 1970 (Fig. 4). In February 1969 the biomass was 

28.4 g/m2, and in February 1970 this figure was exceeded 

by 4 g/m2 even though a complete year cla~s was missing 
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the population due to the poor 1969 breeding season. 

The biomass of larvae hatched during 1968 was estimated 

to be 1.66 g/m2 and this in'creased rapidly to 8.'51 g/rr/ 

the end of,the first growing season. During autumn, when 

the total weight of fish dying exceeded that produced by 

body growth, the biomass of age 0+ fish decreased, but 

WiTh the onset of the growing season, the biomass 

reased steadily to a summer maximum for age 1+ fish 

of 15.14 g/m
2

• A similar cycle occurred dur the fol-

lo¥ing year of life, with a summer maximum of 18.84 g/m
2 

for age 2+ fish. In contrast, in older groups biomass 

steadily declined throughout the year. In terms of biomass, 

age 1+ and 2+ fish formed the most important component of 

the population, although younger fish contributed much 

mere significantly to production. 

The period of maximum production within the year 

occurred during December 1969 and January 1970 in the age 

0+,1+ and 2+ fish (Fig. 5). Maximum monthly production 

over the whole life history of the fish occurred during 

the second month of life when~ although biomass was not 

high relative to the age 1+ or 2+ groups, growth was part~ 

icularly rapid. The age 3+ and 4+ groups, in contras~, 

had periods of maXlmum oduction prior to the breeding 

season, during, the time of build-up of sexual products. 

The riod of maximum production di~ not always coincide 

with the period of maximum growth rate within an age group, 

but was influenced more by the increase in biomass which 

followed the period of higher growth r • A lag phase of 

approximately one month existed in many cases betlveen the 

month of maximum instantaneous growth rate and the month 

of maximum production (compare Fig. 3 with Fig. 5). 

A marked seasonal cycle of production was evident, 

in association with the seasonal cycles of growth and mean 

biomass. A period of negative production occurred during 
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the ~inter 1n all age group~. A further period of negative 

production occurred in some age oups during February. 

following the period of maximum lake temperatures. As well 

as this negat~ve produc~ion which resulted in a loss of 

actual body tissue from the population, negative production 

occurred during the spawning season in the age 3+ females, 

due to shedding of the sexual products. The two younger 

female age-groups also had periods of low production com-

pared with males during the ing, but this was never 

negative. Because of the weight loss due to egg release and 

because female fish were less numerous and slower-growing, 

production due to body growth of males more than doubled 

that of females. Most of ~he biomass of eggs shed by female. 

fish 1S not lost to the population, of course, but const

itutes the initial biomass of the new generation of age 0+ 

fish. This component of production is considered in the 

f~llowing sectiQn. 

Production of sexual produtts 

The mean decrease in weight of gonads per individual 

fish was determined from the difference in length (I): 

gonad weight (gw) relationships before and after the 

spa~7dng season. This was calculated for each age group 

in Large Spectacles (Table 2). 

Table 2: Coefficients of the length (mm):gonad weight (mg) 
relationships prior to and after the spawning 
season. The relationships are of the form log 

Age 
Females 

1+ 
2+ 

3+-4+ 
Males 

2+ 
3+-4+ 

gw = a + b log 1 (n=no. of fish) 

Prior to spawning 
Coefficients 

n a 

12 -7.969 
20 -7.036 
10 -5.688 

21 -10.359 
19 -10.243 

b 

5.745 
5.458 
4.644 

6.673 
6.667 

After spawning 
Coefficients 

n a 

13 -6.506 
10 -5.104 
'5 -5.042 

b 

4.602 
3.739 
3.699 

17 -6.995 4.601 
10 -10.165 6.;01 
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The production of sexual products was calculated from 

the mean gonad-'w'eight loss ,and the mean number of fish 

present in each age group during the breeding season 

Small Spectacles (Table 3)~ 

Table 3: Production of sexual products (p ) during the 
r 1969 breeding season in Small Spectacles. 

Males Females 

Gonad No. Gonad No. 
loss of Productio~ loss of Productio~ 

Age (mg) fish (kg)(g/m) (mg) fish (kg) ( g/m ), 

1+ 0.4 48,868 0.02 0.01 
2+ 0.9 51 ,923 0.05 0.01 39.8 32,261 1 .28 0.22 
3+ 38.3 2,369 0.09 0.02 192.0 2,781 0.54 0.09 
4+ 122.8 268 0.03 0.01 348.0 262 0.09 0.02 

0.17 0.04 1 .93 0.34 

Sexual products contributed an add ional 2.10kg to the 

production during the yea·r (0.38 g/m2 ). Production of 

eggs accounted for 92.0% of th value and was largely 

due to the contributions of age 2+ and ,3+ females. Males 

of age produced more sperm than e r of the two 

other oups. 

The age structure of the breed population ha~ 

been given Chapter 4; 71.5% of mature males and 85.6% 

of mature males belonged to the age 2+ oup. However, 

age 3+ fish contributed far more significantly to the 

production of sexual products than the age structure of 

the breeding population would indicate, espec ly the 

males. Further, comparing the total number of eggs laid 

by each age oup with the weight of eggs produced by the 

group as a whole, appears that the mean weight of in-

dividual eggs eases with increasing size of fish 

(mean weight of a individual egg increased from 0.38mg in 

age 2+ fish to 0.86mg in age 4+ fish). Hence, older groups 
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c ibuted substantially more to the production than 

population fecundity results 'vould indicate. This in-

crease in size of eggs with increas age ,vas, 'ho'vever, 

icult to establish accurately from observations of 

ividual fish because of the differing times of ma

llU.'ity of the various groups, but several workers (for 

exa.mple, Mackay and Mann, 1969) have shmm a similar 

ptenomenon in other fish populations. 

To~al production 

Total annual production was calculated as P 

for each age group (Table 4). 

P + g 

Table 4: Total production (g/m
2
/year) of R. breviceps 

in Small Spectacles from February 1969 to 
February 1970. (1968 year-class includes both 
males and females). 

Production 
Production due to 

due to. sexual Total 
growth. products production 

ar Class (p ) (p .) (p) 
g r 

1968 
(age 0+) 13.59* 13.59 
1968 
(age 0+ - 1 +) 22.36 0.01 22.37 
1967 
( 1+-2+)Males 11 .23 0.01 11 .24 

Females 4.40 0.22 . 4.62 
1966 
(age 2+-3+)Males 0.70 0.02 0.72 

Females 0.56 0.09 0.65 
1965 
(age3+-4+) Males 0.11 0.01 0.12 

Females 0.04 0.02 0.06 

52.99 0.38 53.37 

* Production for the 1.5 months of . extrapolated results for 

the 1968 year-class 

Taking into account the energy channelled into producing 
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sexual products, the production of males was still far in 

excess of females, and the observed lo,rered growth and pro

duction of females ,ras not solely a result of the extra 

,'energy spent by females in reproduction. However, only 0.03% 

of the total production of males was concerned with sperm 

production whereas egg production formed 4.8%, 14.0% and 

33.0% of the total production of age 1+-2+, 2+-3+ and 3+-4+ 

female groups, respectively. For the total popu'lation,pro

duction of sexual products was only 0.72% of the total pro

duction. 

Similarly, a low figure of 0,9 7.5% of the total pro-

duction was obtained for the ,gonad production of Cottus gobio 

in streams of southern England (Mann, R.H.K. 197(1) compared 

,rith the,muGh higher figures given ,by Mann K.H. (1965) and 

Le Cren (1962) for roach, Rutilus , and perch, Perea' 

fluviatilis, respectively. 

FOOD CONSUMPTION 

Food intake results are expressed in two different, but 

related, units. The daily ration (DR) refers to the weight of 

food eaten by a fish/gram/day, whereas the food ration (R) was 

obtained from daily ration values and is simply the amount of 

food' eaten/individual/unit time. The daily ration was cal-

- culated firstly for age 1+ fish throughout the year (Table 5a) 

and secondly for d,Lfferent age groups during the summer ex

periment (Table 5b). Daily ration varied considerably with 

season but was consistently lower for females than for males. 

(Table 5a}. These differences b~tween sexes indicate that fOr 

fish of the same size, females eat less than males. Daily ra

tion also decreased with increasing age (Table 5b); age 3+ 

fish ate approximately half as much food as age 1+ fish per 

gram of body weight. This decrease feeding is expressed 

as a function of the mean weight of the age groups at the 

time of the experiment (Fig. 6). For males, ration (R) mg 
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wet weight/day was described by: 

R = 42.48 wO. 547 

where w is the wet weight of the fish in grams. A similar model 

¥as used for females, although only two data points were avail

able for comparison;, thus for females: 

R 31 .70 0.547 
w 

Assuming that seasonal changes were independent of weight, it 

was yossible to construct similar curves for the other three 

seasons from the observed changes in daily ration (Fig.6). 

Table 5a: Daily ration of age 1+ fish each season (mg dry food/ 
g dry weight of fish) (n=no. of fish sampled for' 
each experiment, and t number ln parentheses in
dicates day of sampling) 

Apr. 
Jul. 
Oct. 
Jan. 

Age 

1+ 
2+ 
3+ 

Males Females 
Daily Daily Daily Daily 
ration ration ration ration 

n (1 ) (2) n (1 ) (2) 
(autumn) 262 28.3 31 .9 218' 25.4 24.6 
(winter) 192 17.3 19.3 211 14.6 18.9 
(spring) 417 34.9 28.6 380 20.2 36.0 
(summer) 258 50.6 50.5 158 45.5 40.6 

b: Daily ration (DR) of age 1+ - age 3+ fish in 
January 1970 (mg dry food/ g dry weight of fish) 
(n=no.· of fish) ~ 

s s 

n Daily n Daily 
Ration Ration 

258 50.6 158 43.1 
191 33.7 66 30.9 

19 24.9 

With a knowledge of the mean weight and number of fish of each 



V Fig. 6. Seasonal changes in the relationship 
between tood ration (R) and veight of fish 
(v). 
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age group at different times of the year, the food intake 

of each group as a whole (C) was calculated. The mean ration 

~f an individual of each age-group was obtained from the 

R:w relationships, and the food intake of each group deter-

mined (Table 6). 

Table 6: Total food' consumption/day of each age group through
out the year February 1969 to FebruaFy1970 (kg/day}. 
(Juveniles are included as males). 

Males 
1969 Jan. 11 .048* 

Apr. 5.078 
Jul. 0.630 
Oct. 

1970 Jan. 

Females 
1969 Apr. 

Jul. 
Oct. 

1970 Jan. 

Age 

+ 

1 .932 0.359 
0.618 0.1'28 
1 .615 1 .294 
2.331 2.629 

0.792 0.209 
0.319 0.068 

0.613 
0.971 1 .073 

0.051 
0.014 
0.132 
0.181 

0.022 
0.008 
0.106 
0.084 

0.022 
0.004 

0.002 
0.001 

* Value extrapolated from the 1968 year-class. 

Taking these values to represent the mean food consumption 

for each three-month seasonal period, the total food consum

ption for the l3-month study period was estimated to be app

roximately 3,192 kg (3,298kcal). The annual food consumption 
2' 2 . 

was therefore 420.2 g/m -(454.7 kcal/m ). As expected from 

the production data, the younger age groups cropped the 

food supply to a much greater extent than the older groups. 

The highest observed food consumption during the study was 

April 1969, when the total population consumed 8.44 kg/day, 

or on a monthly basis, 253kg (35.15 g/m2 ). In January 1970, a 

food consumption of 7.27kg/day (37.70 g/m
2
/month) was record

ed. This summer estimate, however, does not include cont

tribution of age 0+ group, which, based on extrapolated data 
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from the previous year class (1968), would have contributed 

approximately a further 11 kg/day. If included, this value 

would raise the total population food consumption to 18.27 

'kg/day (94.79 g/m1month). This very high value, however, 

was not realised because of the lack of spawning during the 

}969 spawning season which limited the population numbers. 

Nevertheless, the re~ults for January, and also for April, 

indicate the proportion of food eaten by younger fish and 

their importance in the process of energy transfe~ within 

the lake. 

The food consumption of ~. £reviceps in Spectacles Lakes 

. was considerably higher than,that estimated for the sa~e 

species in a North Island stream (Hopkins,1970), in which 

both trout and eels ,,,ere also present. Hopkins reported a 

maximum feeding rate of 13.32 g/m1month, which was 2% by 

weight of the standing crop of benthos. 

GROSS EFFICIENCY OF FOOD CONVERSION 

The gross efficiency (p /C) at different times of the 
year is given in Table 7. g 

Table 7: 

Males 
1969 Jan. 

·Apr. 
Jul. 
Oct. 

1970 JOan. 

Females 
1969 Apr. 

Jul. 
Oct. 

1970 Jan. 

Gross efficiency of food conversion (K pic) of 
~. breviceps in the months of consumption ¥ate 
determinations. (Juveniles are included as cales). 

Age 

+ 

0.,215* . 
0.046. 0.Q22 0.008 -0,029 

-0.104 0.079 0.100 0.350 
0.220 0.146 0.187 0.189 
0.253 0.203 0.032 

-0~025 0~058 -0.009 
0.080 0.091 0.270 

0.031 0.062 -0.033 
0.268 0.346 0.200 

* Results extrapolated from 1968 year-class. 
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A weighted mean gross efficiency for the population as a 

whole over all seasons was 0.092 (9.2%). Slobodkin (1960, 
1962) predicted, on the basis of laboratory populations of 

Daphnia and Hydra, that gross efficiency (he refers to 'eco

logical efficiency' in which it is considered that all 

~nergy ingested is ultimately passed on to the next trophic 

level) would usually lie in the range 5~15%, and later (1968) 
he observed~hat many natural populations of C0nsumers tend 

to cluster around 10-15% efficiency. Turner (1970.) has argued 

reasonably that Slabodkin's prediction applies only to poi

kilotherms, and the original prediction has been substantiated 

in several fish studies (for. example, Mann K.H. 1965) and 

also in the present study. 

Gross efficiency (K), 1S zero at the maintenance ration, 

and negative values indicate that food consumption is not 

sufficient to maintain the fish without loss of body ~eight. 

An important finding in the present study was that gross 

efficiency ivas similar in both sexes during summer, autumn 

and winter. Weight gains by females were therefore of the 

same order as those of males relative to the amount of food 

eaten, for mo~t of the year. The observed difference in 

growth and production of the two sexes could be attributed, 

therefore, to differences in digestion and food intake bet

ween sexes, and not to differences in the efficiency by which 

the food was u~ilized. 

The gross efficiency ~as observed to change with both 

season and age. A high efficiency was recorded in January 

in all age groups, wher~as it was low in. autumn (April')' 

Efficiency was moderately high 1n July but decreased in 

spring in female groups mainly as a result of the shedding of 

eggs at this time. 

Gross efficiency during summer, autumn and spring tended 

todecrease with increasing age of fish. Paloheimo and Dickie 

(1966) pointed out that changes in age are associated with 
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changes in a number of other factors, the most important of 

which are body size and food ration. After re-examining 

pUblished data on grow"th and feeding of fish on one type of 

food under experimental conditions, they suggested that 

differences in efficiency with age may be explained adequat

ely by a model relating the decrease in the logarithm of 

growth efficiency (19g K) to increase in ration. Further, 

because rations are highly correlated with body weight, either 

. ration or body weight can be used to predict eff~ciency, 

although they considered, on the evidence available, that 

ration was the most important determining factor. The K-line 

was thus of the form: 

log K -a -bR 

In experimental situations where a single food-supply level 

was administered, temperature affected the food intake and, 

consequently,the value of K, although the parameters of the 

relationship between log K and R remained unchanged. The 

factor having the most important influence on the parameters 

was the type ~f food eaten, especially with respect to part

icle s e. 

Although several simplifying assumptions had to be made 

(including that fish of all sizes ate a similar food type, 

and also belonged to the same growth stanza (Parker and 

Larkin, 1959», i~ was of interest to determine whether the 

model proposed by Paloheimo and Dickie (1966) was adequate 

to d~scribe the relationshipB between food, production and 

gross efficiency in the natural population of ~. breviceps. 

A multiple regression analysis was therefore carried out to 

examine the effects of mean ration (R), mean body weight (w) 
and temperature (tOe) on the mean gross effdciency (log K) 

obtained for each age group. 

On the basis of the limited number of data points 
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available, log K decreased significantly with increase in 

body weight only in January (Table 8). 

Tab 8: Effect of mean ration (R), mean body weight(i) and 
temperature (to) on the gross efficiency (log K). 
(n= no. of observations) 

Simple correlation Partial correlation 

og og og 
n K,w K,R K,R 

Apr. (autumn) 7 -0.501 -0.444 -0.083 -0.061 
Jul. (winter) 7 0.695 0.759* 0.414 -0.597 
Oct. (spring) 7 -:-0.142 -0.096 -0.311 -0.296 
Jan. (summer) 7 -0.757* -0.718 -0.350 0.049 

Over all 
seasons 28 ...;..0.044 0.065 0.074 

* Significant correlation at 5% level 

A moderately high negative, simple correlation (p = 0.06) also 

existed between log K and ration size (R) in the same month. 

However, with the linear effects of eiter R or i removed, 

partial correlations between log K and i, and between log K and 

R, were insignificant; therefore, neither factor has a primary 

influence on gross efficiency. In winter, ln direct contrast 

to Paloheimo and Dickie's (1966) model gross efficiency increas

ed significantly with increasing ration, although with the 

effects of body weight removed this relationship became insig

nificant. In the other seasons gross efficiency did not de

crease significantly in relation to either body weight or ra-

o tion. 

Only for the summer data therefore, was Paloheimo and 

Dickie's model sufficient to explain the observed variation 

gross efficiency. The result K-line relating gross 

efficiency to food ration in summer was: 

log K = -0.300 -0.010 R 
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No significant correlation existed between gross effici

ency and either body weight or ration when data from all 

seasons were combined, and gross efficiency was not related 

to changes in temperature. The hypothesis that the para

meters a and b of the K-line rema unaltered by temperature, 

as suggested by Paloheimo and Dickie (1966), was therefore 

not acceptable. 

DISCUSSION 

Production 

The production of P. breviceps in Small Spectacles for the 

year February 1969 to January 1970 was high. For comparison, 

the estimated production of age 0+ fish for one month in s~m

mer (7.6 g/m
2

) was of the same order as the annual production 

of many trout populations (Johnson and Hasler, 1954; Hatch and 

Ife bster, 1961; Hunt, 1966). Many production estimates rec ord

ed fo~ different bodies of water are for only one of several 

species present but in cases where all species were taken 

into account (Mann K.H.1965 and Mann R.H'.K. 1971), estimates 

for total fish. production were of the same order as for ~. 

£reviceps in Spectacles Lakes. Production due to body growth 

contributed 99% of the total production of R. breviceps, and 

the reproducti,:e component was low. Similarly, Cottus gobio 

in southern England streams had a high total production and 

little energy was used to produce eggs and sperm (Nann R.H.K. 

1971). 

The biomass of the population of ~. breviceps Small 

Spectacles was estimated to be 21.98 g/m
2

• Although the mean 

weight of this small fish was of the order of only 2 grams, 

because of extremely high densities the biomass exceeded that 

recorded in many populations of much larger fish (Horton, 1961; 

McFadden, 1961; Hunt, 1966; Coche, 1967). 
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From the estimated annual production and mean biomass 

of f. brevice~, the mean production to biomass ratio was 

calculated as 1 .8 for the total population and ranged from 

5.39 tor age 0+ to 0.36 for age 3+ fish. Chapman (1967) noted 

the overall similarity of p/B ratios of several fish popu

lations, ranging from 1.0 to 2.1. Mathews (1971) also re

corded ratios for four species of fish in the River Thames 

ranging from 1.12 to 1.94. The mean ratio for ~. breviceps 

lay therefore, in the upper range of rec orded ra t·ios. 

In the search for a simpler method to calculate pro

duction of natural populations attempts have been made to 

find regularities inP/B ratios. In f. breviceps, the p/B 

ratio declined with increasing age of fish at the same temp

erature, but also showed a positive correlation with temp

erature, as was also found by Zaika and Malovitskaya (1967)' 

for three species of ~ooplankton. 

Maximum growth rate in the younger age groups occurred 

during late spring and was followed one month later by a 

period of maximum production which, in turn, was followed 

at the end of the growing season by the ppriod of maximum 

biomass. In older groups, however, maximum growth and pro

duction occurr~d during early spring priot~ to the breeding 

season, and biomass showed little seasonal change throughout 

the year. 

Factors affecting production 

oduction is a function of both numbers and growth of the 

individuals of the population. 'Factors affecting population 

numbers have been discussed fully in Chapter 4. Briefly, in 

contrast to many salmonid populations in which survival of 

young fish is often a critical factor (Le Cren, 1965) changes 

in fecundity, egg survival (as affected by the parental care 

of the males) and high summer mortality through parasitism 

and intraspecific predation were all considered important in 
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affecting population numbers. The effects of many of these 

f actors may have been density-dependent, although this ",-as 

difficult to substantiate from short-term field data. A 

strong density effect was demonstrated, however, on growth 

within a year class. After the numerical strength ofa 

particular year class was established, compensatory mortality 

and growth provided a mechanism for providing greater stability 

of the population production per unit area through inter

actions both within and between age groups. 

Growth of individual fish showed its most marked in

fluence on production through seasonal changes which, in 

turn, were influenced by changes in both the amount of food 

ingested and the gross efficiency of the utilization of food 

within the body. 

Food consumption 

Food consumption is dependent on both the feeding acti

vity of the fish and the food availability (Allen, 1969). 

The results on food consumption of ~. previceps, although not 

extensive, were obtained under natural conditions and there

fore include the influences of both feeding activity and food 

availability. At present there is no satisfactory method to 

accurately determine the availability of food; however, feeding 

activity in conjunction with locomotory activity was studied 

_in considerable detail. The patterns of diel locomotory and 

feeding activities suggested that periods of highe~ feeding 

activity followed periodi of increa~ed locomotory activity •. 

Feeding activity, therefore, was greatly affected by the pat

tern of diel locomotory activity, and complex changes in the 

Uffiing of these biological rhythms were recorded both between 

age groups and between different seasons. 

On the average, the rate of food passage through the gut 

must equal the food intake. The rate of food passage was shown 

to be dependent on both the temperature and the amount of food 

present, especially in the stomach, at different times of the 

day_ The importance of temperature as a factor affecting digestion 
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rates and food intake has long been recognised (Ricker, 

1946; Moln'r and THlg, 1962) but the importance of other 

factors affecting food consumption has received more 

recent conside~ation (iVindell, 1966, 1967; Kitchell and 

Windell, 1968; iVindell,Norris, Kitchell and Norris, 1969; 

Tyler, 1970). These studies have all sho,vu that an In

creased quantity of food in the stomach results in an in

creased gastric emptying rate and feeding, therefore, is 

not limited simply by temperature. This factor appeared 

to be of greatest significance for ~. breviceps in the 

spring, when an increase in food consumption occurred as 

a result of a change in behaviour from a single daily 

period of feeding to extended day and night periods of 

feeding activity. 

Gross efficiency of food utilization 

With information on food intake at the population 

level and the gross efficiency of food conversion for 

~. breviceps, it was possible to examine in more detail the 

relationships between food, body size arid gross efficiency 

and the effects of these relationships on production. The 

relationship between the logarithm of gross efficienc~ 

and increasing ration (or body weight), suggested by 

Paloheimo and Dickie (1966) (K-line), was not sufficient 

to explain the changes observed in gross efficiency (piC 
ratio) of ~. breviceps. They predicted that within a par

ticular life-history phase, seasonal changes in tempera

ture, w"hile changing both the metabolic level and feeding 

rate of the fish, would not change the slope or position 

of the K-line i.e. only the energy turnover rate would 

change and not the apportioning of energy within the fi 

The results obtained for P. breviceps did not support 

this hypothesis and only in one month did the efficiency 

decrease significantly with increasing weight and ration 

of individual fish. 
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Paloheimo and ckie (1966) however, also found 

that the type of food, especially differences in particle 

size, eatly influenced the slope of the K-l ,which 

they ested, was a result of differing amounts of en

ergy being expended by fish in searching for and capturing 

different-sized prey. Ivlev's (1961) results suggested 

that larger food particles give a higher calorie intake 

per expenditure of energy for grazing. Under natural 

conditions the diet of !:. breviceps changed considerably 

with increas size of fish and also between seasons, and. 

these changes were accompanied by marked changes in prey 

size. se would lead tochang~s in gross efficiency not 

accounted for in the simple K-line analysis. It is also 

interesting to note, in this respect, that within any month 

the level of locomotory activity of bullies, as measured 

by trap catches, increased with increasing size of fish. 

Although locomotory activi~y·may also be linked·with 

activities other than· feeding, the present results 

.. dicate that under natural conditions larger, older fish 

expend more energy in obtaining their relatively smaller 

food intake. 

The discrepancy between the observed changes in ,eff

iciency and the values expected from the K.,..line deter

minations therefore may be partially explained by the 

observed changes in food type, and may also have resulted 

because different growth stanzas (Parker and Larkin, 1959) 

were being compared. Warren and Davis (1967), however, 

considered Paloheimo and Dickie's (1966) model to be too 

generalized to be useful. They point out that with in

creasing ration, if the net efficiency ( efficiency with 

which the food not used for maintenance. is utilized for 

growth) remains constant, then the gross efficiency will 

increase from a value of zero at the maintenance ration 

and approach a maximum yalue at the. maximum ration. If, 
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however,the net efficiency d~clines with increasing 

ration, then the gross efficiency will increase to a 

maximum value at some intermediate feeding level'and 

then decline. An exponential decline, as suggested by 

Paloheimo and Dickie (1966), will not occur at feeding 

levels below this intermediate level unless the net 

efficiency is greatly reduced. Warren and Davis (1967) 

further suggest that seasonal changes in the ability of 

fish to utilize food, over and above the effects of tem

perature, may also be important determining the gross 

efficiency of food conversion during different seasons. 

They citff the results of Anderson (1959) and Brown (1946) 

who found reduced rates of food consumption and growth 

during late summer, autumn and winter even though the 

fish were held at constant temperatures, and other exam-

pIes are given the discussion on population dynamics. 

Then within a pa~ticular season, changes in temperature 

affect the maintenance cost, food consumption and gross 

efficiency of food conversion. In an autumn experiment 

,d th Cottus perplexus in laboratory stream tanks, Warren 

and Davis showed that the gross effi~iency increased with 

increasing ration up to a maximum value of 0.386 but 

thereafter declined with increasing ration, whereas in 

winter gross efficiency remained at a mean value of 0.170 

over all rations above the maintenan~e ration. 

The results obtained for E. breviceps are much more 

in keeping with results for Cottus perplexus obtained by 

lvarren and Davis (1967) and Davis and Warren (1968) than 

with the predictions based on the K-line model of Paloheimo 

and Dickie (1966). In .E. breviceps in January, although log 

K was negatively correlated with increase in body weight 

and ration, the change in efficiency was better inter-

preted as an increase to a maximum value at an intermed-

iate level of ration followed by a declini. In July an 

creased gross efficiency was recorded with increasing ration, 
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,.,hile autumn and spring no differences between fish 

feeding on different amounts of food were detected. 

Differences recorded in pic ratios for R. breviceps 

between seaso~s therefore indicate that differences in 

the di ibution of energy among the various components 

of the energy budget occurred throughout the year. The 

lowest gross efficiency values were recorded in autumn 

(April) when, although the food consumption was relatively 

high, production was low. At this time, food intake by 

some age oups was less than maintenance costs and pro

duction was negative. This suggests that during autumn, 

maintenance costs vere relative.1y high and little food 

energy vas available for growth. However, July when 

maintenance costs were likely to be low, the oss eff 

ciency increased, while January, possibly because of 

a large increase in food consumption relative to the in

crease in maintenance cost., the gross efficiency was 

higher. 

Biomass may also affect the level of the gross eff

iciency and may explain some of the seasonal differences 

in. energy distribution. For example, lV-arren and Davis 

(1967) found that intraspecific competition between 

individuals of Cottus at diff~re~t biomass 

levels resulted in a low gross efficiency at high fish 

biomass and a high efficiency at lov, biomass levels, thr

ough changes in maintenance costs. Differences in growth 

between the different year classes of R. breviceps suggest

ed that intraspecific competition existed, particularly 

within an age group. The high biomass levels recorded for 

the Small Spectacles population during late summer and 

autumn may, therefore, 'have contributed to the low effici

ency recorded during autumn. 

Growth and production of R. brevic~ were therefore 

influenced by both changes in effictency of food utiliza

tion and changes in food consumption. Seasonal changes in 
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production were not simply a function of energy turnover 

rate as suggested by Paloheimo and Dickie (1966)~ Constant 

efficiencies (both net and oss efficiencies) have often 

been assumed o~er all ration sizes and over different 

sea;50ilS (e.g. Allen, 1951; Horton, 1961; Hopkins, 1970). 

Howe,\er, as shown above, gross efficiency can vary wide

ly under different conditions and these changes should 

be included in considering relationships between food con

sumption and production. 



VI. GENERAL DISCUSSION 
AND CONCLUSIONS. 
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GENERAL DISCUSSION AND CONCLUSIONS 

The aim of the study ,vas to examine the relation

ships between'food intake, biomass and production of a 

population of Philypnodon breviceps in a small lake. This 

required information on the basic life history of the 

species, popUlation dynamics and food rations of the in

dividuals. 

The reliability of the various components of pro

duction analysis have been considered throughout the 

study; many of the errors have been additive in the 

effects and have been incorpor~ted in a final measure of 

the reliability of the production estimates. Such mea

sures have not previously been obtained for fish pro

duction estimates. The accuracy of food ration results 

could not be determined statistically, and it was neces-
. . 

sary to extrapolate y(3sul ts from summer to other seasons' 

base~ on a simple model relating food ration to weight 

of the fi~h. However, repli~ates indicated that the method 

employed for obtaining food consumption under natural con

ditions provided consistent results. 

Of considerable importance to the study population 

was the relatively simple closed lake system with insig

nificant predation and no immigration or emigration. Under 

these conditions production and food consumption were high, 

mainly as a result of high population numbers. Intraspeci

fic competition, intraspecific predation and parasitism 

appeared to be of more importance in limiting production 

than has been found for other populations of fish. 

The population of ,E. breviceps was unus~al for a fish 

population having a small number of polygamous sexually-

mature males, which were responsible for the relatively 

high survival of the small number ~f eggs laid by each 
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female. The importance of changes in fecundity in limit

ing production was demonstrated for the Small Spectacles 

population, in which very few females became mature during 

the 1969 breeding season." 

On hatching, the young fish had a relatively short 

larval stage before beginning to feed in the open waters 

of the lake. No stage was particularly susceptible to 

mortality but mortality of young fish was high through

out the f st summer of life, and was affected by both 

parasitism and intraspecific predation by older fish. 

Growth rate and production during the first growing sea

son was particularly high, constituting approximately 65~ 

of the total production. Food c6nsumption and the efficiency 

of food conversion were also high, and factors affecting 

both these components during this stage were of particular 

importance to the total population production. Effects of 

densi ty could b~ seen in the compensatory growth "\vhich 

occurred within a particular year class according to its 

numerical strength. 

Production during subs~quent years of life was govern

ed by seasonal changes in both the gross efficiency of 

food conversion and the amount of food consumed by the 

fish. Gross efficiency was high in spring and summer "but 

lower during the remainder of the year and was especially 

low in autumn. An important factor affecting the amount of 

food consumed was the presence of diel locomotory act

ivity rhythms, which essentially limited feeding to one 

period of the day during most of the year. Differences be

tween age groups in locomotory and feeding rhythms, food 

habits and dispersion patterns possibly reduced intra

specific competition between the groups. 

Although efficiency remained the same for both males 

and females, males consumed more food per gram of body 

weight, and the rate of growth of the two "sexes diverged 

until at maximum size the weight of " males was approximately 
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twice that of females. Mortatity of both sexes was high 

throughout the four years of life, especially during the, 

summer months, but males outnumbered females in ihe ini

tial stages and the sex ~atio became balanced only 

older fish. Because of their greater growth and higher 

density, males contributed far more significantly to the 

total population production than did females. 

The majority of females become sexually mature during 

their second year of I e,but the age of maturity of 

males was, on the average, at least a year later. Of the 

energy intake utilized for production, only a small 

percentage « 1 %) was inc orpora ted into eggs and sperm 

to form the basis of the new generation. 

Suggestions for further work 

With basic information now available on the production 

of ,bullies in Small Specta?les, an ideal situation st~ 

to study the effects 9f increased complexity of this eco

system by the addition of predators such as trout (palmo 

trutta L.). Hopkins (1970) concluded for a. stream environ

ment that, although bullies and trout ate the same food 

items, little competition for food existed between them. 

Food was obtained from differing sites and different sizes 

of prey were taken. Bullies, however, are known to be a 

source of food for larger trout (Percival arid Burnet, 1963; 

Allen, 1951; Smith, 1959). Of practical interest would be 

to determine the extent to which the two fish species, one 

native and one introduced, affect each other. Predator

prey relationships as well as interspecific competition 

between the two species could be studied. By introducing 

controlled numbers of trout, both fish populations could 

by monitored in terms of production and food consumption, 

and the resulting alterations in energy flow through the 

fish populations could be directly assessed. 
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VII. SUNMARY 

1. The relationships between food consumption, biomass 

and production were investigated for a population of the 

upland bully, Philypnodon breviceps Stokell, in a small 

Canterbury lake during February 1969 to March 1970. 

2. The study area (Spectacles Lakes) was located in the 

Lake Coleridge Basin, Canterbury, New Zealand (latitude 

43 0 18'S., longitude 170 0 34'E.) at an altit~de of 610m. 

The local climate is marked by seasonal extremes especi

ally in air temperature, a~d a marked seasonal fluctuation 

in water temperature resulted (range of 0_22 0 C). [ Ca+1 

of the ,vater varied from 27 to 88 mg/l, and pH ranged from 

6.4 to 9.6. The lake is moderately eutrophic with a high 

total phosphorus content (O.11-0.40 mg/l) but with only 

traces of nitrates. Philyp"nodon breviceps ,vas the only 

fish species inhabiting the lake. 

3. The fish population was sampled principally with trap 

nets; young age 0+ fish and fresh material for food studies 

were obtained by supplementary push net sampling. Selec

tivity of the trapping gear was estimated from mark-recap

ture data, and length frequency distributions were correc 

ed to eliminate selectivity bias. A combination of scale

reading and length frequency analysis was found to be satis

factory for ageing ~. breviceps, and the validity of the 

methods for age determination wers established. 

4. ~. breviceps, a small benthic fish, was observed to have 

a maximum life span of 4.5 years. The spawning season in 

Spectacles Lakes was confined to three months (October

December). One batch of eggs was laid by each female under 

large rocks, several females contributing to each nest; 
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the males guarded the nests for approximately one month 

until the larvae hatched. Juveniles ivere pelagic for the 

first SlX months of life. Females became mature after 1 

2 years and m~les after 2-3 years. 

5. The food of ~. breviceps was mainly benthic inverte

brates but young of its Oivn species formed an important 

component of the diet of older fish. Size of prey increas

ed with increasing size of fish and the diet also varied, 

but to a lesser extent, with the time of the day and with 

season. 

6. Both feeding and locomotory activity rhythms were ~n

vestigated under natural conditions. Periods of high loco

motory activity coincided with periods of feeding during 

the day, but a lag of several hours was observed between 

the times of increased ac~ivity and increased feeding. 

A marked seasonal cycle of activ.ity-level was demonstrated, 

and complex seasonal changes in d 1 periodicity were re-

corded all age groups. The observed differences between 

age groups in diel periodicity of feeding and locomotion, 

in conjunction with food-habit differences, suggeste~ 

limited intraspecific competition between groups. 

7. The study p6pulation of ~. breviceps in Small Spectac

les was found to be a discrete, freely-mixed unit bounded 

by the edge of the lake. Fish moved extensively within the 

lake in all seasons. Individual fish were regularly-spaced 

with respect to their nearest neighbours but tended to 

aggregate small groups over theent e lake. In summer 

older fish wera in deeper water by day but mo~ed to the 

edge of the lake at night, whereas in winter older fish 

inhabited deeper water by night. 
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8. Population estimates were made bimonthly using mark

recapture techniques for age 1+ - 4+ fish and unit-volume 

sampling for age 0+ fish. Pcipulation numbers and densi

ties were high, ranging from 1 .95 million fish (208/m2 ) 

in February 1969 to 124 thousand (i1/m2) in March 1970. 

Hales predominated over females in younger groups but 

the sex ratio became balanced in older fish. Annual mor

tality for all age groups combined was 93%. The instant

aneous mortality rate showed marked seasonal changes, 

being higher in summer, especially in age 0+ fish, and 

lower in winter. Intraspecific predation and parasitism 

were considered to be the main causes of mortality, and 

the data suggested density~dependent effects of mortality 

factors. 

9. cundity was related to both length and age of female 

fish, although length was ~he primary factor influencing 

egg number. Fecundity. ranged from 90 to 430 eggs/female. 

Hales matured at a greater size and age than females and, 

consequently, breeding females outnumbered breeding males 

by 4.5:1. Although breeding in Small Spectacles was not 

successful during the 1969 breeding season,the potential 

total egg complement, based on data from the adjacent lake 

(Large Spectacles), was estimated to be 4,200,204 (726/m
2

) 

eggs. Egg survi~al was estimated to be 43.5%, and thus 

1,827,100 recruits were potentially hatched. 

10. The growing season, as measured by monthly changes in 

mean length, extended for seven months (October-April). 

The growth rate of males was great~r than that of females, 

and growth within a year class was negatively' correlated 

with the numerical strength of the class. 
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11. ngth:weight relationships did not differ signifi

cantly betveen age groups within anyone month, but mar-:

ked differences were found between months in both sexes. 

The predicted total weight of both male and female fish 

of a given length shoved a marked seasonal cycle, vith 

decreased Icondition' in early winter and summer. Somatic 

tissue underwent a similar seasonal cycle. Allometric 

owth in length and weight occurred during autumn and 

ing. The calo ic values of body tissue, eggs and 

testes in Octo r were calculated to be, respectively, 

5,157, 6,140 and 5,730 cal/g dry weight. 

12. Monthly instantaneous growth rate ln weight, calcula

ted from growth curves fitted to mean weight values, was 

at a maximum during the first month of life and decreased 

steadily throughout the first groving season. In all older 

year-classes, two periods of slow growth were observed

winter and mid-summer - and the instantaneous growth rate' 

was often negative during these periods. Growth was highest 

in spring and early summer,although ,female groups 

the rate, as considered in terms of total weights,'vas 

lowered in ing by the release of eggs. 

13. The mean biomass of bullies was estimated as 21.98 g/m2 

(21.94 kcal/m
2
). Maximum biomass of younger groups occurred 

in late summer, two months later than the month of maximum 

growth rate; in older groups, little seasonal change in 

biomass was recorded. 

14. Annual production due to growth was estimated to be 

39.4 g/m2 
(38.94 kcal/m

2
). No direct estimate, of the pro

duction of fish during their first 1.5 months of 1 e could 

be obtained during this study period, but from extrapolated 
2 , 2 

data this was considered to be 13.59 g/m (13.56 kcal/m ). 
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Including this estimate, 70~ of the annual. production 

was produced by the 1968 year-class (age 0+ - 1+), 27.5% 
by the 1967 year-class and only 2.5% by the two older 

year-classes. ,Male produ6tion more than doubled that of 

females. 

. 2 
15. Production due to sexual products was 0.38 g/m 

(0.44 kcal/m2 ), 98% being contributed by the breeding 

females. Although age 2+ males and females were the do

minant group of breeding fish, the production of eggs 

and sperm was greatest in the age 3+ group. Production 

of sexual products formed only 0.72% of the total annual 

production of f. breviceps. 

16. Annual food consumption was approximately 420.2 g/m2 

(454.7 kcal/m2 ), individual age 1+ fish eating a daily 

ration of less ~han 2% of ,their body weight in winter and 

5% in summer. Males w.ere observed to consume a higher 

~ailyration than females, and daily ration decreased 

significantly with increasing age of fish~ 

17. Gross efficiency was of the order of 9% for the ~hole 

population over the year but showed a variation between 

seasons and age groups but not between sexes. Paloheimo 

and Dickie's (1966) K-line model describing the relation

ships between body size, food ration and efficiency(based 

on laboratory studies) was not sufficient to explain the 

observed differences in efficiency during the year in the 

natural f. breviceps population. Changes in the apportion

ing of energy within the body at different times of the 

year Ivere indicated and· the importance of thes'e changes, 

as well as factors affecting food consumption, arB dis

cussed in relation to seasonal and age differences in 

production. 
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