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; • t o r 9 

• .. r . L i . ; ; D (...) 

Assimi la ted energy M M def ined 3 t h a t p a r t o f the food energy 

-•bsorbed from the a l imentary canal (see appendix 1 ) . 

Thus:- A = C - F 

A grea t deal o f i n f o n n a t i o n on a s s i m i l a t i o n i n aquatic orgai ions 

su i t ab l e f o r use i n an energet ics study i s now accumulating. 3onovcr 

(1964) summarised the i n f o r m a t i o n on p lankton ic crustacea bu t , w i t h 

the possible exception of the f i s h e r i e s l i t e r a t u r e on a s s i m i l a t i o n 

reviewed by Ric.v : r (19^6) , no pa t te rn or accurate v r e d i c t i v e theory has 

ye t emerged. The v/ide v a r i a b i l i t y . i n the r e s u l t s obtained by d i f f e r e n t 

workers on t h e saue or s i m i l a r species ( e . g . 3 OH over 19^4} has aided t o 

t h i s d i f f i c u l t y and meas'irements o f a s s i m i l t i o n must s t i l l be made by 

any i n v e s t i g a t o r ash ing t o construct energy budgets f o r any given 

species. 

I n the ^resent study, as many var iab les as possible l i k e l y t o 

a f f o c t a s s i m i l a t i o n ./ere i n v e s t i g a t e d . These .;ere:-

a) Prey t y p e 

b) Feeding r a t e 

c; L a r v a l s ize 

d) Tem^ra ture 

e) F i n a l i n s t a r diapause and metamorphosis. 

9 .1 .-.i.-CD^ 

9 . 1 ' 

The basis of the method used t o measure a s s i m i l a t i o n l a y i n being 
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able t o estimate the dry /eight of food eaten by I ^ r rhos .ma i n a given 

t ime and i n measuring the dry weight o f faeces produced from t h i s f o o d ; 

percentage a s s i d L . t i o n on a dry -eight basis or i n terms of ca lo r i e s 

(us ing data presented i n chapter 3) could then be ca lcu la ted according 

t o the f o r m u l a : -

G — P 
Percentage a s s i m i l a t i o n = — T - 1 - x 100 

where 2 and F are expressed as dry weights or ca lo r i e s food eaten (C) 

and fasces produced ( F ) . 

9.1b Ihg l-re: T:;.cs U t i l i s e d 

Four pre* types, representa t ive of the range of species taken by 

rrhc a o i i n the f i e l d were u^ed. These were : -

jhirono.. 'iid l a rvae o f an u n i d e n t i f i e d species obtained f rom mud dredged 

from the River .;ear, Durham C i t y . CJhironomids formed about 75 percent 

by dry -.'eight o f the food e: ten i n the f i e l d (see chapter 8 } , These 

./ere used i n feed ing ra te experiments only (see below). 

Da.jlinia cbtr.^a obtained f rom l abora to ry cu l tures maintained on \ east 

and d r i ed m i l k . Da] knia ..ere t y j I c a l o f the entomostracan prey taken 

i n the f i e l d . Becau e chironomid l a rvae c^uld no t be obtained i n l a rge 

quan t i t i e s , Da. hi a a were u t i l i s e d i n the experiments on the e f f e c t s o f 

feeding r a t e , temperature, 1 . r v a l s i ze , diapause and metamorphosis on 

assi ' l l ^ t i o n . 

Jleen dipterum la rvae (ki^hemeroptera: Baetidae) co l l ec t ed f rom the 

study area. Jloeors was regarded a r j t o p i c a l o f the wide range o f l a r g e r 
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none dipterous insec t l a rvae captured i n the f i e l d . 

Asel lus ac:uaticus (Isopoda) c o l l e c t e d from the study area './here the j 

were extremely common but r a r e l y taken by Pyrrhosoma (see chapter 8 ) . 

Assi H a t i o n w i t h Asel lus prey v/as examined t o see i f the aosence of 

Ase l lus i n t h e d i e t o f ?yrrhosoma was i n any way c c r r e l a t . " bh poor 

u t i l i s a t i o n ( l o.j percentage a s s i m i l a t i o n ) i n I-yrrhosoma. 

| t i . t i o n o f the Dry • .ei;-;hts of Food Consumed f rom imeasurements o f 

l i v i n , . > rey 

The r e l a t i o n s h i p between wet ./eight and dry '.-/eight v/as obtained 

f o r chironomid larvae and the r e l a t i o n s h i p between l e n g t h and dry 

weight f o r the other prey species. Thus estimates of the drj- -/eight 

of food Resented to and eaten b^ Pyrrhosoma could be made f rom measure­

ments o f l i v i n g prey. A l l dry weights on which f i g u r e s 14 t o 16 are 

based .:ere made on a Jahn Dlectrobalance (model 11-10) w i t h m a t e r i a l d r i e d 

i n a vacuum oven a t 60°Z on preweighed f o i l t r a y s . 

Da hnia obtusa 

I n d i v i d u a l s v/ere classed as e i t h e r non-reproduct ive (empty brood 

pouches) or as reproduct ive (eggs cr young i n the brood pouch). Lengths 

were measured w i t h a micrometer eye-piece from the top o f the head to 

the base o f the t a i l spine . Figure 14 shows the graph of l eng th (mm) 

against i n d i v i d u a l dry weight (mg) f rom which regressions were c a l c u l a ­

ted f o r the t h r e e categories 

1) .ion-re., roduc t ive 4^ 1.0 mm Ion;; 

y = O.Ol84x - 0.0102 
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i i ) Kon-re.TOiuctive ^ 1,0 l c , , 

y = 0 . 0 U 7 x - 0.0370 

i i i ) So?,roluctive ( a l w a y s ^ 1.0 mm long) 

y = 0 .096lx - 0.109C 

..here x = l e n g t h of J^.jhnia i n mm 

y = dry weight per i n d i v i d u a l (mg) 

Ohi ror. omi d _^.r. - e 

Freshly c o l l e c t e d l a rvae were washed and d r i ed w i t h f i l t e r paper 

t o remove excess surface moisture before wet weights were measured on 

a Met t i e r balance (model H-16) or the Cahn ^ lec t roba lance . The 

r e l a t i o n s h i p between wet weight (mg) and d ry weight (mg) i s shown i n 

f i g u r e 15a. Two regressions were c a l c u l a t e d : -

i ) For Chironomijs K. 4*0 mg ..et ..ei/?ht 

y = O.H6x + 0.059 

i i ) For Jhironomids ^ 4.0 rag jfet ..ei.'-.ht 

y = 0.293x + 0.541 

..here x = wet weight (mg) 

y = d ry weight (mg) 

j loeon ^ jp terum 

Freshly c o l l e c t e d larvae ..ere measured f rom the f r o n t edge of the 

head t o t h e t i p o f the l a s t abdominal segment by means o f a micrometer 

eye-piece. The r e l a t i o n s h i p between l eng th (mm) and dr„ weight (mg) 

on a l o g : l o g scale i s shown i n f i g u r e 16. For the purpose of o a l -

c u l a t i n g t h e regress ion , dry 'weights 'were m u l t i p l i e d by 100 t o e l im ina t e 

negative l o g s . The regression obtained was:-
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y = 2.897* - 0.344 
where i •- l o g (d ry weight x 100) (nig) 

x - l o g l eng th (mm) 

Asel lus aquaticus 

Lengths were measured ( e i t h e r w i t h a micrometer eye-piece cr 

wi th c a l l i p e r s ) f rom the f r o n t o f the head a t the base o f the antennae 

to the mid po in t a t the end of the abdomen. l.o d i s t i n c t i o n was made 

between the sexes or between reproduct ive and non-reproduct ive stages. 

Figure 16 shows the r e l a t i o n s h i p between leng th (mm) and d ry weight 

(mg) on a l o g : l o g sca le . The regression obtained was:-

y = 2.698x + 0.176 

where y = l o g (dry weight x 100) (mg) 

x = l o g l eng th (mm) 

9 .1 The Cor re l a t i on of Fooi Jeter, wi th Faeces Produced: "l-arker" Foods 

I n p i l o t experiments a marker food ( I h i l l i p s o n 1960a, b) was 

loyed . Daphnia placed i n a suspension of carmine or ch lo r azo l black 

2 (3 .D.H. s tandard i t a i n ) r a p i d l y f i l l e d t h e i r guts w i t h red or black 

p a r t i c l e s . . urrhosoma larvae f ed w i t h these "marker" Daphnia produced 

e i t h e r b r i g h t red or dark, black faeces which -were q u i t e d i s t i n c t f rom 

the normal b rown p e l l e t s . The "marker" Daphnia were f e d , f o l l o w e d by 

normal prey. The experiment was terminated bj a f i n a l f e e d i n g o f 

"marker" Daphnia. The food eaten between the two "marker" feeds and 

the normal brown faeces produced between the coloured faeces were used 

t o g ive an es t imate o f percentage a s s i m i l a t i o n w i t h the normal Daphnia. 
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I n a l l l a t e r experiments "marker" prey .ere no t U3ed. A per iod 

o f 24 t o 48 hours was al lowed to ela. se so tha t guts ./ere cleared o f a l l -

f o o d . Larvae were then f ed f o r several days and the faeces c o l l e c t e d 

d a i l y , Following t h i s , l i r v a e ./ere starved f o r a f u r t h e r 1-2 s to 

ensure t h a t the guts were again empty and the re ga in ing faeces produced 

added to those prev ious ly c o l l e c t e d . A l l the faeces produced b o a 

known q u a n t i t y o f food v/ere t he r e fo r e obtained and percentage a s s i m i l a t i o n 

could be ca l cu la t ed , 

Compa r i s o n of the two methods shaved t h a t the r e s u l t s obtained were 

v i r t u a l l y i d e n t i c a l (see t ab l e 32). 

9. I d Petal I s of _JX . e r imentp procedure 

I i rvae were placed i n d i v i d u a l l y i n small containers w i t h dechlor ina ted 

t ap water and a small tvdg on which the} could c l i n g . Though no e x p e r i ­

ments were cont inued f o r longer than one week, la rvae kept l i k e t h i s f o r 

several months moulted through a number of i n s t a r s and emerged w i t h o u t 

s u f f e r i n g » y i l l e f f e c t s . 

A l l experiments , except those concerned w i t h temperature e f f e c t s , 

were c a r r i e d out a t 15°C + 0 .5°C A l i g h t regime ( c o n t r o l l e d by a t ime 

c lock) t h a t was as close as possible t o the n a t u r a l photoperiod a t the 

time of the experiment was maintained. The experiments t o i n v e s t i g a t e 

temperature e f f e c t s were ca r r i ed out a t 4°C + 0.1 C and a t 1Q°C ± 0.1°C. 

Freshly c o l l e c t e d la rvae -/ere allowed t o acc l imat i se t o the experimental 

temperature f o r 24 t o 46 hours before each set o f measurements. 

http://ela
http://se


Fol lowing the i n i t i a l pe r iod o f s t a r v a t i o n (see 9.1c) and accl ima­

t i s a t i o n , f r e s h p re j were added and uneaten food and faeces removed 

every day. The f o l l o w i n g procedure was adopted w i t h each prey type . 

Da. hnia o f un i fo rm size are obtained by passing them through 

graded s ieves . 50 i n d i v i d u a l s f rom each "un i fo rm" batch were measured 

and the number o f reproduct ive and non-reproduct ive i n d i v i d u a l s counted. 

A known number of ] a hnia from the batch ere then fed t o e< cl „ rrhosoma 

and the average s ize and p ropor t ion o f reproduct ive t o non-reproduct ive 

i n d i v i d u a l s assumed t o be the same as i n the 50 measured i n i t i a l l y . 

3efore adding f r e s h Da:-hi da , uneaten prey from the previous day 

was c a r e f u l l y co l l ec t ed and counted. The number, s ize end reproduc t ive 

cond i t i on of Da ."'hnia eaten b- each larvae over the preceding 24 hours 

could be estimated and hence the dry weight of food (and u l t i m a t e l y 

c a l o r i e s } . 

Jhiro; ' ' , Asel] and l i e eon 

dhironomids were sor ted i n t o s i m i l a r s ized i n d i v i d u a l s by eye and 

.ret weighed i n groups. /c" : and l l o e o n were measured i n d i v i d u a l l y . 

From these measurements, the dry weight and ca lo r i e s o f food presented 

Mere ca l cu la t ed . Uneaten and p a r t i a l l y eaten prey l e f t f rom the 

previous 'ay were co l lec ted and d r i ed i n a vacuum oven a t 60°G on 

preweighed f o i l t r a y s , m a t e r i a l from each l a r v a being kept separate. 

The dry weight o f the uneaten food v/as used t o cor rec t the t o t a l ./eight 

o f food I resented t o the weight ac tua l ly eaten. 
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7 sees C o l l e c t i o n 

Faeces were c o l l e c t e d every day, the p e l l e t s f rom each animal 

being grouped separately on preweighed f o i l t r ays and d r i e d i n a 

Vacuum oven a t 60 C immediately a f t e r c o l l e c t i o n . Faeces dry /eights 

..ere measured on the Jahn Balance at the end of the experiment. 

9 .1 : rr.. • r Sale - la t ions 

m l e 1 Percentage a s s imi l a t i on on a dry wei/;ht basis: Or. h u a as greg 

Table 3 3 shows data obtained f o r one l a rva i n a t y p i c a l experiment 

w i t h f i n a l i n s t a r s a t 15 C. 

The r j ./eights o f reproduct ive and non- re product ive Da.hrda eaten, 

shown i n column 5, were ca lcula ted as f o l l o w s 

Take day l a s an example. 

From regression equation sec t ion 9.1b. 

Dry weight o f a reproduct ive Da.'Imia o f l eng th 1.499 mm 

= 0.0351 mg 

Dry weight o f a non-reproduct ive Da l inda o f same l e n g t h 

= 0.030C mg 

On average, o f the 21 Dadinia eaten on day 1 , 30.77 percent ..ere repro­

duc t ive and 69.23 percent non-reproduct ive . 

Therefore , t h e t o t a l dry weight of reproduct ive Da.imia eaten on day 1 

i s given b y : -

0.0351 x 2 L x X . 7 7 . 0 - 2 2 7 m g 

and o f noa-reproduct ive Da, hr. i a by : -



- 151 -

Therefore the t o t a l d iy /eight o f Dajginig oaten on. day 1 was 
Then 

TOTAL DRY .SIGHT SATS. (C) = 3.708 mg 

TOTAL FABCES FHODUCSD (F) = 0.551 mg 

TOTAL A3SIKCLATICK (C - F) = 3.157 i g 

" 3OTTAGB ASSIMILATION = ^ 2 x 1 0 0 = 8 5 . 1 percent 

? 2 1 . ere 1 e a s s i m j l a t l l g chiror. gnids 

Table 34 shows data obtained 

w i t h f i n a l i n s t a r s at 1 5 ° Z 

Then 

TCT.U DHX EIGHT EATEN (Gj 

TOTAL D33T ..HEGHT FABCES (F) 

- . .J l TAGS ASSIMTLATI01 

f o r one l a r v a i n a t y p i c a l experiment 

(6.806 - 1.804) = 5.002 mg 

0.790 mg 

(5 00" - 0 
5.002 " 1 U t 

84. £ percent 

•Calculat ions i n terms of ca lo r i e s were made by m u l t i p l y i n g 

the dry weights o f food eaten and faeces produced by the c a l o r i f i c values 

o f food and faeces given i n chapter 3. .ge a s s i m i l a t i o n was 

then ca lcu la ted i n the usual way f rom the ca lo r i e s consumed and 

ca lo r i e s a s s imi la t ed by each l a r v a . 
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Experiment I n s t a r Method ,* a s s i m i l a t i o n on 
a dry weight basis 

1 f i n a l "r .r\"er" 65.49 
f i n a l food 81.16 

3 f i n a l wi thou t 85.10 
4 f i n a l "marker" 83.33 

food 

Table 32 Comparison o f the two methods o f ca r ry ing out a s s i m i l a t i o n 
measurements using Da^hnia as prey. 

He an 
length 

lay o f 
Daphnia 

(mm) 

le rcentage 
reproduct ive 

and 
non—re produ c t i v e 

i n batch 
s 

T o t a l 
number 
eaten 
i n 24 
hours 

Calculated 
dry 1-.eight 
eaten (mg) 

a) reproduct ive 
b) non-reproduct ive 

S 

T o t a l 
dry ./eight 
. .ten (mg) 

reproduct ive and 
non-re product ive 

4 

1 1.499 R 30.77 
1 - 69.23 

21 0.277 
0.436 0.663 

1.715 R 67.27 
NE 32.73 

13 O.488 
0.169 0.657 

3 1.596 R 42.3L 
NB 57.69 19 0.357 

0.376 0.733 

4 1.518 R 33.33 
NR 66.67 20 O.246 

0.412 O.658 

5 1.580 R 29.41 
NR 70.59 14 0.177 

0.332 0.509 

6 1.532 B 14.75 
R 85.25 15 0.085 

0. vo: 0.488 

a) TOTAL 0 "J. . i M l - T ^7 J .^'IIJ 1.. 1ATEI , days 1-6 ( t o t a l of column 6) 

C 3.708 mg 
b) TOTAL DRJ .SIGHT OF FASCES INDUCED from t h i s food , ( f rom d i r e c t weight ing) 

F * 0.551 mg 

Table 33 T y p i c a l Da, '.jnia a s s i m i l a t i o n experiment r e s u l t s . 
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Day Number 
.resented 

e t weights of 
Chironcmids added 

each day (mg) 

Calcul : t ed 
dry weights 
ad'ed (mg) 

1 2 1.361 0.261 
0.900 0.191 

2 3 3.521 0.573 
1.514 0.280 
1.514 0.280 

3 2 4.545 0.792 
2.778 0.465 

k 2 2.700 0.453 k 
5.892 1.187 

5 1 9.770 2,324 

TOTAL DRI HEIGHT PRESENTED ( t o t a l of column 4) days 1-5 

= 6.806 mg 

TOTAL D ..SIGHT PRESENTED but not eaten ( f rom d i r e c t weighing 
of -uneaten food) 

= 1.804 mg 

TCTAL DHT .SIGHT OF FAECES PRODUCED from t h i s food ( f rom d i r e c t 
ighi&gs) 

F =0.790 mg 

able 34 Typ ica l chironomid a s s i m i l a t i o n experiment r e s u l t s . 
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9.2 H3XLT0 

Calcula t ions on r> dr; .-eight basis ore s u f f i c i e n t t o i l l u s t r a t e 

the e f f e c t s of most va r i ab le s on a s s i m i l a t i o n . The data were converted 

t o ca lor ies on ly .»hen t h i s was necessary f o r sabseouent energy budget 

c a l c u l a t i o n s . 

A s s i m i l a t i o n on a Dry .eight a'.sis 

: ] The , n f e c t o f Feedia- ..te •yr. ' ; e i a i l a t i c n 

A l l experiments were ca r r i ed out a t 15°C w i t h f i n a l ins t a r l a rvae . 

The mean dry weight eaten per l a r v a per day over the experimental 

pe r iod , l o t t e d against the ca lcula ted percentage a s s i m i l a t i o n f o r the 

f o u r r̂e~~ types i s shown i n f i g u r e s 17 and 18 (Dotted l i n e s show the 

95 percent confidence l i m i t s . ) i t h three prey species there Mas s l i g h t 

p o s i t i v e c o r r e l a t i o n between percentage a s s i m i l a t i o n and feeding r a t e 

and one negat ive c o r r e l a t i o n . 

i a r = +0.174 

Chironcmids r = +C.293 

r.ollus r = +0.543 

alocon r = -0.185 

I t i s c l e a r t h a t the e f f e c t of feed ing r a t e i s no t great and can be 

e f f e c t i v e l y i g n o r e ' . 

L i ) The E f f e c t of Pre": Type on ..esi.a 1 t i o n 

A l l experiments ere ca r r i ed out a t 15°C w i t h f i n a l i n s t a r l a r v a e . 

>i*ce f ee ding r a t e had such a smal l e f f e c t , a mean percentage 

a s s i m i l a t i o n f i g u r e was calculated f o r each of the preQ types Clceon, 

Asell.ua and Chironomids. A number o f independent estimates o f a s s i m i l a -

http://Asell.ua


- 155 -

t i o n were made f o r f i n a l i n s ta rs wi th Pac in i a as prey and a range of 

t y p i c a l r e s u l t s i s presented i n t ab l e 35» together w i t h the estimates f o r the 

other prey s pecies. 

From t a b l e 351 i t i s c lea r t h a t prey type d i d i n f l u e n c e percentage 

a s s i m i l a t i o n . The major i ty o f Da^hnia r e su l t s ere i n the 84 - 86 

percent r eg ion ; chironomids were s i m i l a r but a s s i m i l a t i o n w i t h 31oeon 

was much h igh r (90.6 percent) nd 1 t h Asel lus much lower (76.9 pe rcen t ) . 

Though v a r i a b l e between prey types, the h igh values f o r a s s i m i l a t i o n 

w i t h the f o u r f o o l s t e s t e d i s marked, 

i i i ) The e f f e c t of La rva l - i s e on A s s i m i l a t i o n 

.ALL experiments were c a r r i e d oat a t 15 C d t h Da. hnia as prey 

Figure 19b shows the mean percentage a s s i m i l a t i o n , +_ 2 standard 

e r r o r s , i n *yrrhosoma larvae of d i f f e r e n t s izes ; the regression a/as 

f i t t e d by eye. A steady decline i n percentage a s s i m i l a t i o n .vi th inc reas ­

i n g size i s apparent , ranging f rom a mean of 92.9 percent i n l a rvae of 

l eng th 3.97 mm, t o about 85 - 86 percent i n f i n a l i n s t a r s (13 - 14 mm l o n g ) . 

Using t h e methods described i n sec t ion 8 .1d, i t was impossible t o 

measure a s s i m i l a t i o n i n larvae below a l e n g t h of about 3.5 mm: attempts 

..ere aade w i t h animals smaller than t h i s , but handl ing both food and 

faeces .-as found t o be impossible . The a s s i m i l a t i o n o f small l a rvae 

was estimated by e x t r a p o l a t i o n ( f i g u r e 19b) and suggests t h a t i n s t a r 2 

l a rvae (mean l e n g t h 1.3 mm) as s imi l a t e about 95 percent of the pre; which 

they consume. This i s not an unreasonable f i g u r e i n v iew o f the nature 

of the prey t aken by these smal l forms (chapter 8 ) . 
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i v ; The E f f e c t of Term r bure or. A sj iJ Mon 

Two sets o f experiments were c a r r i e d out w i t h f i n a l i n s tars and 

Daphnia as prey, one a t 4°C + C.1°J and the o ther a t 10°G + 0 . 1 ° C . Table 

36 shows the r e s u l t s . 

The r e su l t s a t 1C°G and 4°C l i e w e l l w i t h i n the range of values 

found at 15°G shown i n t ab le 35 arid show t h a t temperature d id no t 

i n f l u e n c e percentage a s s i m i l a t i o n i n I r r h o s o m a . 

v] The A f f e c t of Diapause and x.etamorahoiis on A s s i m i l a t i o n 

A l l experiments were ca r r i ed out a t 15 J wi th Da, hnia as prep. 

a] Diaj use 

Monthly est imates of a s s i m i l a t i o n ./ere made dur ing the w i n t e r o f 

1967-68 and these are shown i n t ab le 37. Data are presented i n chapter 

13 i n d i c a t i n g the nature and dura t ion o f the diapause stage i n the 

f i n a l i n s t a r : f rom t ab le 37 i t i s c lea r t h a t there i s no obvious 

change i n r e s u l t s obtained through the w i n t e r and i t i s reasonable t o 

conclule t ha t a s s i m i l a t i o n i s unaf fec ted by diapause. 

b) Letamor .hosis 

The stages o f metamorphosis were described i n chapter 2 . A s s i m i l a t i o n 

Q asurements were made on l a rvae p r i o r to and j u s t en t e r ing stage 2 

metamorphosis u n t i l feeding stopped on en t e r ing stage 3. The r e s u l t s 

are presented i n t ab le 28 and do not d i f f e r f rom the range of values 

found f o r non-metamorphosing f i n a l i t .rs - i ven i n t a b l e 35. 

; . P- j a J v ' c :'a _ a : a" J P o r a a 

Measurements on a dry weight basis f o r f i n a l i n s t a r s w i t h Daphnia 
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Prey type Mean ,i 
a s s i m i l a t i o n 1 ..amber o f la rvae 

i n sample (n) 

Da hnia 87.2 maximum 
26.5 
66.3 
85.8 
85.5 
84.9 
84.3 
81.2 minimum 

0.24 
0.57 
0.30 
0.89 
0.74 
0.60 
0.70 
0.70 

16 
10 
1C 
10 
10 
16 
19 
10 

Shironomids 84.0 1.04 38 

76.9 1.4C 19 

21 o eon 90.6 Q .51 18 

f a b l e 35 Percentage a s s i m i l a t i o n on a dry weight basis i n f i n a l 
i n s t a r ryrrho-oma larvae a t 15 C w i t h d i f f e r e n t prey types . 

Temperature Mean ,~ 1 S.E. 1. umber o f la rvae 
a s s i m i l a t i o n i n sample (n) 

a: 85.2 0.30 16 

86.2 0.36 15 

Table 36 The e f f e c t of temperature on a s s i m i l a t i o n (on a dry weight 
basis) i n f i n a l i n s t a r I-;; rrhosoma larvae w i t h Daphnia as prey 
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as prey showed t h a t percentage a s s i m i l a t i o n was unaffec ted by feed ing 
r a t e , temperature, metamorphosis or diapause. Consequently, a l l 
"Daphnia" faeces produced by f i n a l i n s t a r s were pooled and provided 
amrle m a t e r i a l f rom which to determine c a l o r i f i c values of "Daphnia" 
faeces produced by f i n a l i n s t a r s . 

! , 3hironomid", "Cloeon 1 1 and "Asel lus" faeces were obtained by 

feed ing f i n a l i n s t a r s a t 10 C, Feeding was continued u n t i l s u f f i c i e n t 

ma t e r i a l f o r two c a l o r i f i c value determinations w i t h each type was 

obtained. tilth 20 Pyrrhosoma larvae f o r each pre;, type , t h i s took 

approximately two weeks. C l e a r l y , t o obtain s u f f i c i e n t faeces f rom 

l a rvae smaller than f i n a l i n s t a r s would have i nvo lved such long periods 

o f time and so many small, l a rvae t h a t i t would very d o u b t f u l have repa id 

the labour invo lved i n increased accuracy. Despite the f a c t t h a t 

a s s i m i l a t i o n on a dry weight basis was known t o increase wi th decreasing 

l a r v a l s ize , i t was necessary t o assume t h a t a l l faeces had the same 

c a l o r i f i c v a l u e as f i n a l i n s t a r faeces. 

C a l o r i f i c values of food and faeces are presented i n chapter 3> 

t ab le 5 and 6. 

Dry - e i g h t estimates suggested t h a t only l a r v a l s ize and prey type 

in f luenced percentage a s s i m i l a t i o n i n Pyrrhosoma. Data on the e f f e c t s 

o f prey type and l a r v a l s ize ere t h e r e f o r e r eca lcu la ted i n terms o f 

ca lo r i e s f o r use i n subsequent energy budget c a l c u l a t i o n s . 

Table 39 shows the data presented i n t ab le 35 t r e a t ed i n t h i s way. 

Only three t y p i c a l Daphnia r e s u l t s were r eca l cu l a t ed . «11 the r e s u l t s 

..ere s l i g h t l y h igher than when ca lcu la ted on a dry weight basis but 
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Date o f 
l a r v a l 

c o l l e c t i on 

-•-ean a s s i m i l a t i o n 
measured over 

f o l l o w i n g week 

Number o f 
l a rvae i n 
sample (n) 

Probable 
Li 
cond i t i on 

20A0/67 
I 8 / U / 6 7 
12/L2/67 

36.? 
85 .1 
- ; • ~ 

C 3 1 
1 .39 
0.24 

30 
15 
16 

diapause 

1 5 / 1/68 
27/ 2/68 8 7 . -

0.30 
C.31 

10 
15 

r o s t 
- j use 

Table g7 rhe e f f e c t o f diapause on perce." â e a s s i m i l a t i o n 
o f Da hnia by f i n a l -instar Fyrrho o.na at 1 5 ° J . 
CG l c u l a t e d or 3 \ ght bas i s . ) 

^ocperiment Mean ,1 
a s s i m i l a t i o n 

1 3.E. i *e tamo rphosis 
c o n d i t i o n 

1 85.0 C45 17 Immediately 
p r i o r to and 

very early-
stage 2 . 

l v 86.5 0.60 11 -ta-je 2 u n t i l 
feeding stopped 

i n sta^e 3 

Table 38 The e f f e c t of metamorphosis on percentage ass 
o f Da l in ia by f i n a l ins t a r Pyrnaosoma at 15 °C 
3 Leu] bed on a v e ight bas i s . ) 



- 160 -

Prey type 
% mean assimilation 

in terms of 
calories 

• 
Number of 

larvae 
in sample 

/e mean ass imi la ­
tion in terms 
of dry weight 

_ 86.8 0.70 10 85-5 

. i a 27.7 n 11 10 86.5 

Da taia 86.2 16 84.9 

Chironomids 86.8 0.86 38 84 .0 

Zloeon 91.3 0.46 18 90.6 

. . . : " - 82.8 1.05 19 76.9 

Table 39 Assimilation in terms of ca lor ies in f i n a l ins tar 
Fyri hosomg .t L5°C. 

the i r re la t ive order remains the same. 

Figure 19a shows the resul ts of the ef fects of l a r v a l s ize on 

percentage a 8Bimilation from figure 19b recalculated i n terms of ca lor i e s . 

The sane iec l ine in assimilat ion with increasing l a r v a l s ize i s apparent. 

The regression was f i t t e d by eye and extrapolated bad: for larvae below 

3-5 ran. 

5 • 2 -- • £3kTIG - T .. .'- I- ! . FJ _ ~J 

lthoi gh .., i took a wile range of prey types in the f i e l d , 

chironarids (including the Tanypodinae) formed at least 75 percent of 

the food eaten on a d i j weight basis . Tercenta^e assimilat ion of 

chironomid and Da, hnia prey by ?L rrhosoma in the laboratory was v i r t u a l l y 

1 '^ntical and although only two other prej types were te. ted (Cloeon 

and .'.seJ-lus), percentage assimilation was higher with the former and 
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l one r w i t h the l a t t e r than w i t h Da; h n i a . This suggests t h a t a s s i m i l a t i o n 

w i t h these type* o f prey may approximate t o the values found f o r Dajahnia 

an d ch i r on ami d s. 

I n v iew o f the e po in t s , percentage a s s i m i l a t i o n estimates were 

appl ied t o the f i e l d popula t ion by reading the appropriate values f o r 

larvae of d i f f e r e n t s izes d i r e c t l y f rom f i g u r e s 19a, which re la tes 

l a r v a l l eng th t o percentage a s s i m i l a t i o n i n terms o f c a l o r i c s using 

Pa .-'hnia as p r e y . Since the maximum and minimum values f o r percentage 

ass i i l a t i o n w i t h d i f f e r e n t prey types (measured i n terms of ca lo r i e s 

w i t h f i n a l i n s t a r s ) d i f f e r e d by only 8.5 percent ( 9 1 . 3 percent - 82.9 

percent ) , the maximum e r r o r l i k e l y t o a r i s e f rom the use o f Da.-hnia 

data alone "was probably sma l l . 

Faeces produced by larvae a f t e r c o l l e c t i o n but before being f e d i n 

the l abora to ry were co l l ec t ed and d r i ed exac t ly as described f o r laboratory-

faeces. However, the c a l o r i f i c value of these f i e l d faeces was only 

2,794 cal i e r g . i n contras t to 4,500 - 5,000 c a l . per g. f o u n J f o r 

l abora to ry faeces produced by larvae f e d on t y p i c a l prey ( e .g . Da• h n i a , 

chirono .ids and Oloeon) (see t ab le 5, chapter 3/ . The value f o r f i e l d 

faeces was c lo se t o t h a t f o r l abo ra to ry "Asel lus 1 1 faeces (2,565 c a l . per 

g . ) although . . se l lus was r a r e l y taken as prey. 

The most l i k e l y explanat ion f o r the discrepancy can probably be 

found i n the suggestion i n chapter 8 t h a t , u n l i k e l abo ra to ry l a rvae i n 

clean experimental conta iners , la rvae i n the f i e l d acc iden ta l ly consumed 

q u i t e la rge q u a n t i t i e s o f d e t r i t u a . This lowered the c a l o r i f i c value 

and ra i sed the ash content o f f i e l d faeces . 
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9.4 DISCUSSION 

A s s i m i l a t i o n has been measured by a number of workers usinp methods 

s i m i l a r t o those i n the present study. Dry weights of food and faeces 

have been measured by dorner (1961) (Galanus), Gerkinr (1955) (Le :>omis) t 

Hubbel e t a l . (1965) (Annad i l l i d ium) and P h i l l i son (1960a, b) ( x . i t opus). 

C a l o r i f i c values o f food and faeces, together w i t h dry weights, were 

used by Brocksen e t a l . (1968) (Acrone r i a , Gottus and valmo), (Davies 

(1963, 1964) ( l a r a s s iu s ) and Paine (1965) (Navanax). 

The poss ib le e r rors inherent i n the methods used i n the present 

study are as fo l lo -ws : -

i ) verestri .IP or. of eor.yu. t i o n : .erceivbape a s s i m i l a t i o n too hip5; 

a) Appreciable weight loss by the food i tem dur ing the experiment would 

tend t o overestimate consumption. However, weight change by s tarved 

Daphnia , u l e x over the f i r s t 24 hours was n e g l i g i b l e (llichman .1958) and 

data shown i n f i g u r e 15b suggests t h a t there was no measureable wTeight 

loss over 24 hours i n chironomids. 

b) During ^rey capture, some loss o f body f l u i d i s i n e v i t a b l e (see 

Do:-.over 1 9 - - However, l u r i n g the capture of Chironomug sp« , the 

loss o f r e d body f l u i d was r e a d i l y observed and a f t e r i n i t i a l capture 

c a r e f u l manij u l i t i o n o f the prey by Pyrrhosoma reduced f l u i d loss t o a 

minimum, . m a l l yrQj items l i k e Daphnia were consmed whole .-ath pre .t 

r a b i d i t y and body f l u i d loss ^-s _ robably minimal . 

i i ) j lerestimajbion o f faeces . ro duct i o n : percentage a s s i m i l t i c n toe h i g h 

a) Soluble unassimilated m a t e r i a l could be released by seme aqu- t i c 

inver tebra tes (Johannes arid Oatomi 196?) so t h a t c o l l e c t i n g only s o l i d 
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faeces w i l l overestimate a s s i m i l a t i o n e f f i c i e n c y . I n Odonata, t e s t s 
f o r non-nitrogenous compounds do not appear t o have been made, the 
only reported soluble release products being excre tory ammonia and 
small q u a n t i t i e s of u r i c ac id l - t a Idon 1959). The release of s i g n i ­
f i c a n t q u a n t i t i e s of so lub l e , non-nitrogenous f a e c a l m a t e r i a l was a 

poss ib le , though improbable source of e r r o r , 

b) F a i l u r e t o c o l l e c t a l l the s o l i d faeces i s a major source o f e r r o r 

i n experiments w i t h small crustacea (Jo, o v . r 1964). lone of the la rge 

r e a d i l y observed faeces produced by Fyrrhosoma were l e f t uncollected ' . 

c) Bac t e r i a l a c t i o n may cause s i g n i f i c a n t changes to take place i n the 

faeces composition w i t h i n a short time of product ion (Johannes and 

- i t o m i 1966 I ewe l l 1965). I n the present s t :1, a l l fr.eces produced 

were c o l l e c t e d w i t h i n 24 hours and b a c t e r i a l a c t i on was t h e r e f o r e 

reduced t o a minimum. 

i i i ] Pyeresjbimation o f faeces / .reduction; percentage a s s im- l a t ion too low 

a) Faeces obviously contain m a t e r i a l other than t h a t derived f rom the 

food . I n a qua t i c i n v e r t e b r a t e s , s o l i d excre tory products era: probably 

be ignored; b u t i n t e s t i n a l secret ions and, perhaps by -weight the most 

s i g n i f i c a n t c o n t r i b u t i o n , e r i t r o h i c membrane may be present i n s u f f i c i e n t 

q u a n t i t i e s t o i n f l u e n c e the r e s u l t s , ^ince s t a r v i n g Pyrrhosoma continued 

to roduce t ransparent faeces made up almost e n t i r e l y o f p e r i t r o p h i c 

membrane, i t s p roduc t ion appeared t o be r e l a t i v e l y independent o f food 

consumption. Therefore , the lowest estimates f o r a s s i m i l t i o n r i g h t be 

expected a t low feed ing rates where the c o n t r i b u t i o n o f m a t e r i a l der ived 

f rom the gu t to the faeces i s probably p r o p o r t i o n a l l y grea ter . The 
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s l i g h t o s i t i v e c o r r e l a t i o n between percentage a s s i m i l a t i o n and feed ing 

r a t e noted ^vdth three prey species could perhaps be explained i n t h i s 

•ay, but the e f f e c t i s so small t h a t i t can be e f f e c t i v e l y ignored . 

Most o f these e r ro r s tend t o overestimate a s s i m i l a t i o n e f f i c i e n c y 

bu t , f o r t h e reasons s t a t e 1 , the t o t a l e r r o r i s ^robably smal l . 

V r g e r r u - l . - r of I t e m - t i v o techniques are : r . • "~>r 

measuring a s s i m i l a t i o n , each w i t h d i f f e r e n t :m xces and magnitudes o f 

e r r o r and these are ^robably the cause of some of the v a r i a t i o n i n 

reported r e s u l t s (see J on over 1964). Comparison . . i t ; . , o ther work i s 

made more d i f f i c u l t by the use of d i f f e r e n t parameters i n making the 

measurements ( e . g . d ry weight , ca lor ies or organic carbon). However, 

percentage a s s i m i l a t i o n i n f i s h computed from e i t h e r dry weight , c a l o r i ­

f i c value or p r o t e i i n i t rogen data i s vers s i m i l a r ( . . inborn 1956), as 

were the c a l o r i f i c value and dry ./eight estimates i n the present study. 

(C lea r ly the two methods w i l l no t give i d e n t i c a l r e su l t s unless the 

c a l o r i f i c va lues o f food and faeces are i d e n t i c a l . ) e n the assumption 

t h a t the percentage a s s i m i l a t i o n r e s u l t s obtained by d i f f e r e n t methods 

do not vary markedly, the f o l l o w i n g comparisons were made. 

Table 40 shows percentage a s s imi l a t i on values f o r i n v e r t e b r a t e 

carnivores and t a b l e 41 those f o r ver tebra te carnivores (mainly f i s h ) . 

Most of the r e s u l t s are very s i m i l a r or s l i g h t l y higher than those 

obtained f o r 1 ~rrhosoma. I t should be poin ted ou t , however, t h a t the two 

basic methods employed i n making these estimates ( q u a n t i t a t i v e measurements 

o f consumption and faeces product ion , o r r a d i o t r a c e r techniques) are 

both erone t o overestimate the ac tua l value o f a s s i m i l a t i o n , the former 
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f o r reasons already g iven , the l a t t e r owing t o exchange of l a b e l l e d food 

compounds w i t h u n l a b e l l e d compounds i n the gait w a l l (Johannes and ^atomi 

I 9 6 7 ) . l'he ...agnitude o f the possible e r rors i nvo lved i s not known 

w i t h ce r t a in ty , though i n the present s t vly i t was probably sma l l . . . i t h 

t h i s q u a l i f i c a t i o n , however, percentage a s s i m i l a t i o n i n carnivores seems 

t o be h igh , near ly always above 70 percent and mostly between 80 percent 

and 90 percent so t h a t the h i g h value f o r .uercentage a s s i m i l a t i o n i n 

Pr^riiosoma was c l e a r l y t y p i c a l of many other carnivore species. 

I t i s t h e r e f o r e unfor tunate t h a t the on.V other data on percentage 

a s s i m i l a t i o n i n zygopteran la rvae (those o f Fischer 1966, 1967a f o r 

-estes s^onsa) are much lower than any o f the other carnivore species 

shown i n tab les 40 and 4 1 . A s s i m i l a t i o n i n l es tes was estimated by 

Fischer f rom t h e d i f f e r e n c e between consumption and r e s p i r a t i o n plus 

growth. Larvae were maintained at 20°C i n the l abora to ry and completed 

development i n approximately 4C lays: prey consisted o f Da hi i a magna 

f o r the f i r s t month, a f t e r which they were given Tub i f ex t u b ! f a x , ho t 

on ly are the r e s u l t s obtained a t variance w i t h most ether carnivore data , 

but they do not agree i n the two papers, Fischer (I966) i nd i ca t ed t h a t 

percentage ssi i l a t i o n Increased w i t h inc reas ing l a r v a l s ize , being very-

low f o r the f i r s t two weeks (about 20 percent) r i s i n g to 30 percent f o r 

the m a j o r i t y o f l a r v a l l i f e . Fischer (1967a) suggested t h a t smal l 

l a rvae have a h igher a s s i m i l a t i o n e f f i c i e n c y (45 - 50 pe rcen t ) , but t h a t 

t h i s : a l l s t o between 30 percent and 40 percent i n l a r g e r l a rvae . Joth 

papers agree i n r e p o r t i n g a sudden increase i n a s s i m i l a t i o n t o over 80 

percent f o r about f i v e days t r i o r t o metamorphosis f o l l o w e d by a dec l ine 
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t o a very low l e v e l again before emergence. 

Because of the c o n v i c t i o n data on l e s t e s , the i n f l u e n c e o f l a r v a l 

s ize cannot be compared w i t h the orrho^ona. data . He rever, the general ly 

low value of the Lestes r e s u l t s and the marked i n f l u e n c e o f metamorphosis 

were qu i t e d i f f e r e n t t o the s i t u a t i o n observed i n the present study 7. 

Kow much of t h i s d i f f e r e n c e can be a t t r i b u t e d to the very d i f f e r e n t 

methods employed cannot be evaluated but i n v iew of the con t r a s t i ng 

l i f e h i s t o r i e s of g$rrhosoma and ^estes, the low percentage a s s i m i l a t i o n 

reported f o r -estes i s s u r p r i s i n g ; indeed, i t would appear to be a con-

s i iera"ale disadvantage i n a l i f e h i s t o r y where very r a p i d development i s 

e s sen t i a l (see chapter 7 , sec t ion 7.3). 

The i n f l u e n c e o f feeding ra te on a s s i m i l a t i o n i s i n t e r e s t i n g and 

obviously o f importance i n any attempt t o apply l a b o r a t o r y measurements 

of ass i i ' . i i l a t ion t o the f i e l d . Three possible responses were recognised 

i n the ^resent s tudy. 

I n a type A response, percentage a s s i m i l a t i o n remains constant over 

a wide range of f eed ing r a t e s . >prrhosoma appears t o be i n t h i s cate­

gory' which includes several o ther examples s.g. Jon over (1964) f o r many 

Crustacea nd Jon over (1966b) f o r Calamus; i v l e v (1939b) f o r M i r r o r carp 

and j e r k i n g (1955; the o u n f i s h (Le.-omis). 

I n a type J response percentage a s s i m i l a t i o n decreases w i t h i nc reas ­

i n g feeding r a t e . I-any f i s h appear t o show t h i s type of response e .g . 

Brown (1946,, _ - eg (1930, 1931;, . ^ r z i n k i n (1935) ( i n Sc.yr 1945) end 

.1 , jr.e (196C>. o r s i n (I967) regarded t h i s as t h e o r e t i c a l l y " t y p i c a l " 

o f f i s h . Several inver t eb ra tes also show a type d> response e .g . 
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Daphnia s^p. (.iichman 1958, ..onakov and . o r o l i i r i I 9 6 I , ~ chin- H e r I 9 6 8 ) , 
Artemia ( J U shchon:, a 1962) and . j r m a i i l l i a i i m i (Hubbel e t a l . I 9 6 5 ) . A 
type B response may be p a r t i a l l y explained by "over feed ing" a t h i g h 
food l e v e l s , causing defecat ion before d iges t ion i s complete (3a r r in , ton 
1957). 

I n a type Z response, percentage a s s i m i l a t i o n increases w i t h 

increas ing feeding r a t e . This response i s ra re and has only been 

repor ted by Davies (1963, 1964; f o r Jarassius, where i t i s suggested 

t h a t low food in t ake p r o v i led only sub-optimal s t i m u l a t i o n of the 

d iges t ive t r a c t . I t i s possible t h a t a type Z response was shown by 

'lavanax ( l a i n e 1965) though t h i s i s no t considered by the author . 

Only w i t h a type A response can l abora to ry estimates o f a s s i m i l a t i o n 

be a. a l i e d t o the f i e l d w i t h o u t . r i o r knowledge o f f i e l d feed ing r a t e s , 

so t h a t the presence of a type A response i n Fyrrhosoma -as f o r t u n a t e . 

Few s tud ies take i n t o account the i n f l u e n c e of s ize or developmental 

stage on a s s i m i l a t i o n . I n Pprrhosoma, a s s i m i l a t i o n e f f i c i e n c y lecreased 

l i t h 3 re s ing s i ze , a s i t u a t i o n s i m i l a r t o t h a t shorn by P h i l l i p s o n 

(1960a, b) i n . l i t o , r sf 2chindler (1968) i n Japhri-. . j : and . v..srawi (1966) 

i n the gr sshopper 3horthippu3. The c o n f l i c t i n g r e s u l t s repor ted by 

Fischer (1966 and 1967a) have been noted. . . i eger t (1964) repor ted an 

increas ing a s s i m i l a t i o n e f f i c i e n c y .dth inc reas ing s ize i n Philaenus, 

w h i l s t ^.orokin and ranov (I966) showed t h a t a s s i m i l a t i o n was una f f ec t ed 

by s ize i n 3 ream. C l e a r l y , a l l types of response are poss ible . The 

r e s u l t s obtaj ne 3 f o r I l i topus and Pyrrhosoma may even tua l ly be shown t o 

be t y p i c a l o f carnivores where s o f t e r bodied, more e a s i l y digested prey 
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are taken by the smal ler i n d i v i d u a l s . 

Temperature might be expected t o i n f l u e n c e percentage a s s i m i l a t i o n 

i n a p o i k i l o t h e r m , though because temperature a lso in f luences feeding 

r a t e , which can i t s e l f a f f e c t percentage a s s i r d l a t i o n , the response 

need not necessa r i ly be s imple . i n both > ygrhoso. , 1 ; j :aaus (Oonov r 

1966b) percentage a s s i m i l a t i o n as una f fec t ed by temperature and was 

also una f f ec t ed by fee-ling r a t e . In Da.hni.-, gra-. increas ing tempera-

tures l ead t o increased a s s i m i l a t i o n e f f i c i e n c y , '<es_ite the f a c t t h a t 

percentage a s s i m i l a t i o n was lower at h igher feed ing ra tes : t h i s was 

probably due t o the f a c t t h a t feeding r a t e i t s e l f d i d no t increase w i t h 

temperature CSchindler 1968), Percentage a s s i m i l a t i o n has bee; shown 

t o be a f f e c t e d by temperature i n f o u r s_.ecies o f f i s h , inc reas ing w i t h 

temperature i n two ( ^ m o l a i and Fortunatova 1937 and i£a3 ' . : in 1935, 

both i r l acke r 1946) and decreasing w i t h temperature i n one (Davies 

1964). I n the G i c h l i d , percentage a s s i m i l a t i o n f i r s t increased w i t h 

r i s i n g tenipe ra tures between 20 and Z&°Z and then f e l l between 28 and 36°C 

[ . r ----- Davi s 1967). I n view of the complex i n t e r a c t i o n possible 

between temperature, feeding ra te and a s s i m i l a t i o n , i t i s c lear t h a t 

groat care must be exercised i n any ass i i l a t i o n study t o e luc ida te the 

nature of these i n t e r a c t i o n s . 

Jonover (1966b) found a g bive c o r r e l a t i o n between percentage ash 

content o f var ious diatoms and percentage a s s i m i l a t i o n i n galanus. 

Jc l i in r l le r (1968) r epor t 3 .. s t rong increase i n percentage a s s imi l a t i on 

of Dj 1 • -' . -ia;;na w i t h inc reas ing c a l o r i f i c value o f the food between 

?,200 and 5,300 c a l s . per g . , f o l l o w e d by a steady dec l ine with foods 
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o f c a l o r i f i c value between 5,300 and 7,300 ca l s , per g . I n Pyrrhosoma, 

percentage a s s i m i l a t i o n was not obviously co r r e l a t ed w i t h e i t h e r the 

ash content o r the c a l o r i f i c value of prey. 

F J pener; - i a t ions :.' out ^.:reei tape assj r. i .L . t io i • _p .r t o be 

j u s t i f i e d u n t i l more d e t a i l e d i n f o r m a t i o n i s a v a i l a b l e . 1;: rri.osoma 

appears t o be t y p i c a l of most carnivores i n showing a h igh a s s i m i l a t i o n 

e f f i c i e n c y ; 80 ^ercent and above being the r o l e ra ther than the except ion . 

Nor does there â  pear t o be any d i f f e r e n c e between var tebrates and 

inver tebra tes or homoiotherms and po ik i lo therms (see tab les 4C and A l ) • 

This i s i n t e r e s t i n g i n view of the observat ion by Treheme (1967) t h a t 

insects a i d mammals at l e a s t , r e l y on q u i t e d i f f e r e n t processes f o r 

a s s i m i l a t i o n o f food f rom the lumen of the gu t . Sc © l o g i c a l l y , the 

d i f f e r e n c e s are much less than the p h y s i o l o g i c a l or biochemical d i f f e r ­

ences might suggest. 

In t h i s respect , car ivores are an exception to the comment by 

-". a n (1966) t h a t "po ik i lo therms are a t most 30 percent e f f i c i e n t 

i n d iges t i ng food , whereas most homiotherms are around 70 percent 

e f f i c i e n t " . I t i s d o u b t f u l whether t h i s remark i s r e a l l y app l i cab le 

t o herbivores e i t h e r . Many herbivorous homoiotherms do appear t o have 

high a s s i m i l a t i o n e f f i c i e n c y ( J o m e l l 1959, Golley 1959, 1?60), but 

many inve r t eb ra t e herbivores and l i t t e r feeders app ar t o be equa l ly 

h igh ( e .g . Conover 1966b, Corner 1961, Hubbel e t a l . 1965, J c h i n d l e r 

1968). However i n v e r t e b r a t e li .rlawores ( i n c l u d i n g l i t t e r feeders) as 

a group inc lude many species where percentage a s s i m i l a t i o n i s much 

lower than i n the great m a j o r i t y o f i n v e r t e b r a t e and ve r t eb ra te c a r n i -



vores . Therefore , as f a r as a s s i m i l a t i o n e f f i c i e n c y i s concerned, 

a more s a t i s f a c t o r y e c o l o g i c a l d i v i s i o n than 3ngelmann fs might be 

i n t o carnivores and herbivores and t o f u r t h e r subd iv i ê the l a t t e r 

i n t o a h igh percentage a s s i m i l a t i o n group (most ver tebra tes and some 

inver tebra tes ) and a low percentage a s s i m i l a t i o n group (mainly i n v e r t e ­

b ra t e s ) . This i s s t i l l c r u l e , since a s s i m i l a t i o n e f f i c i e n c y i n many 

species i s a lso i n f l u e n c e d by feedir^, ra e and temperature, which 

cannot ye t be r a t i o n a l i s e d i n t o a d e t a i l e d scheme. 



Length: dry weight r e l a t i o n s h i p i n Daohnia 

obtusa, used i n feed ing and a s s i m i l a t i o n 

' t s . .1th ?7/rrhoso;/.a. The ca lcu la ted 

re ; rc . . .3 i : re presented i n sec t ion 9.1b. 
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P i g . 15 . Dry w e i g h t : wet ; weight r e l a t i o n s h i p i n t h e 

c h i r o n o m i d l a r v a e used i n a s s i m i l a t i o n e x p e r i ­

ments w i t h r^ r rhoson ia . The c a l c u l a t e d 

r e r e s s i o n s .re r esen ted i n s e c t i o n 9 • l b . 

F i r . 15b. I n i t i a l wet w e i g h t o f i n d i v i d u a l ch i ronoi r . id 

l a r v a e , p l o t t e d a g a i n s t t h e i r change i n wet 

w e i g h t ° . f t e r 2!\h» i n e x p e r i m e n t a l c o n t a i n e r s 

w i t h o u t f o o d , t o show t h a t t h e r e was no 

a p p r e c i a b l e change i n w e i g h t d u r i n g t h i s t i m e . 
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L e n g t h : d r y w e i g h t r e l a t i o n s h i p s i n A s e l l u s 

.qua t icus and Cloeo-n d io te rur r i l a r v a e , used i n 

a s s i : : i i l - . t i o n expe r imen t s w i t h Pyrrhosonia. 

The c a l c u l a t e d r e - r e s s i o n s a re r-resented i n 

s e c t i o n 9.1b. 
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P i g , 17a. The e f f e c t o f f e e d i n g r a t e on percentage 

as >i i l l a t i o n i n f i n a l i n s t a r Pyr rhoscr . , 

w i t h c h i r o n o m i d l a r v a e as p r e y , c a l c u l a t e d 

on a d r y w e i g h t b a s i s . The f i g u r e shows 

the c a l c u l a t e d r e g r e s s i o n and 95 p e r c e n t 

c o n f i d e n c e l i m i t s . 

F i g , 17b, The e f f e c t o f f e e d i n g r a t e on percen tage 

a s s i m i l a t i o n i n f i n a l i n s t a r Pyrrl'.os 

w i t h Da^hnia as p r e y , c a l c u l a t e d on a dr\/ 

w e i g h t b a s i s . The f i g u r e shows t h e c a l ­

c u l a t e d r e g r e s s i o n and 95 p e r c e n t con f idence 

l i m i t s . 
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F i g . I S * . The e f f e c t o f f e e d i n g r a t e on percentage 

a s s i m i l a t i o n i n f i n a l i n s t a r Pyrrhosoma, 

w i t h Gloeon as p r e y , c a l c u l a t e d on a d r y 

w e i g h t b a s i s . The f i g u r e shows t h e c a l ­

c u l a t e d r e g r e s s i o n and 95 p e r c e n t c o n f i ­

dence l i m i t s . 

F i g . 18b. The e f f e c t o f f e e d i n g r a t e on percen tage 

a s s i m i l a t i o n i n f i n a l i n s t a r Pyrrhosoma, 

w i t h A s e l l u s as p r e y , c a l c u l a t e d on a d r y 

w e i g h t b a s i s . The f i g u r e shows t h e c a l ­

c u l a t e d r e g r e s s i o n and 95 p e r c e n t c o n f i ­

dence l i m i t s . 
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Pig. 19a. The e f f e c t o f l a r v . i l s i ze on percentage 

s s i i ] t i o n i n Pyrrhosoma t c 1c l a ted i n 

t e rms of c a l o r i e s : v e r t i c a l l i n e s a r e • 2 

s t a n d a r d errors . C~ - hnia as prej at 15°Z) 

. a g r e s s i o n drawn Ijj eye . 

F i g . 19b. The e f f e c t o f l a r v a l s i z e on percen tage 

. ; s i m i l a t i o n i n ryr-rhoso/i?., c a l c u l a t e d i n 

terrr.s o f d ry w e i g h t : v e r t i c a l l i n e s are + 2 

s t a n d a r d e r r o r s . (Da.^hnia as p r e y a t 1 5 ° G ) . 

. - egress ion irawn by eye . 
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Chapter 10 

10 .1 WTABOTJC ACCLB^TI;ATICW IN PYHRHCGCHA 

10 .1a P i l o t ' ' ixperiments on n e t c b o l i c A c c l i t r i a t i o a t i o i 

The p rob lem o f r e s p i r a t o r y a c c l i m a t i s a t i o n t o t empera tu re i n 

p o i k i l o t h e r m s (see : n 1 ] n ^ Proaso r ar:.d Pm*rr\ 1961, 'Leal 1959) 

presen t s g r e a t e r m e t h o d o l o g i c a l and t h e o r e t i c a l d i f f i c u l t i e s t h a n 

a l m o s t any o t h e r aspec t o f e c o l o g i c a l e n e r g e t i c s . 

Be fo re c o n d u c t i n g d e t a i l e d r e s p i r o m e t o r y , exper iments were c a r r i e d 

o u t t o de termine whether o r n o t Pyrrhosoma showed m e t a b o l i c a c c l i m a t i s a t i o n 

t o t e m p e r a t u r e . 1 Measurements were made i n a -arburg Re s p i r o m e t e r , 

f o l l o w i n g t h e s t anda rd procedure ( U m b r c i t e t a l . 1964) f o r measur ing 

oxygen u p t a k e . 

eventy l a r v a e , a p p r o x i m a t e l y one y e a r o l d , were c o l l e c t e d i n 

J u l y 1966 (when pomd t empera tu res were a p p r o x i m a t e l y 15 C) and were 

d i v i d e d i n t o a c o n t r o l group o f 30 l a r v a e k e p t a t 15 °C + 0 . 5°C and an 

expe r imen ta l g roup o f 40 k e p t a t 5 C + 0 .1°G f o r a p e r i o d o f 10 days . 

D a r i n g t h i s t i m e t h e y were f e d w i t h excess Daphmia arid expe r i enced 

n a t u r a l p h o t o p e r i o d . A f t e r 10 days a l l t he l a r v a e were r u n i n t h e 

Warburg a t 15 C w i t h f i v e s i m i l a r s i z e d i n d i v i d u a l s i n each f l a s k . 

A p p r o x i m a t e l y one h o u r e l apsed between removing t h e l a r v a e f r o m t h e 5°3 

and 15°C c o n s t a n t t empera tu re rooms and r u n n i n g them a t 15°G. The 

."arburg r u n was t h e n c o n t i n u e d f o r a f u r t h e r two h o u r s . 

F i g u r e 20 shows t h e r e s p i r ' . r r a t e s ( ^ 1 per l a r v a per h c u r ) 

p l o t t e d a g a i n s t t h e mean wet w e i g h t (mg) f o r t h e l a r v a e i n each g r o u p . 
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I f 1 yrrhosoma had shown a c c l i m a t i s a t i o n t h e r e s p i r * t o r y r a t e s o f t h e 
l a r v a e m a i n t a i n e d a t 5 C and r u n a t 15°C s h o u l d have been h i g h e r t h a n 
l a r v a e o f t h e same s i z e m a i n t a i n e d and r u n a t 15 C. I t i s obv ious 
f r o m f i g u r e 2C t h a t t h i s was n o t t he case. 

I t was conc luded t h a t r e s p i r a t o r y r a t e i n Pyrrhosoma s t a b i l i s e d 

vzr r _ ' i d l y a f t e r changes i n tern e r a t u r e and t h a t ] „ rrhosoma e i t h e r 

showed no m e t a b o l i c a c c l i m a t i s a t i o n o r v e r y r a p i d p a r t i a l a c c l i m a t i s a t i o n 

o f t he t y p e d iscussed by 3 u l l o c k (1955) . 

1C. l b Treatment o f Larvae P r i o r t o i -akinp L?in Lues, i r a t o r , Mg surements 

A l t h o u g h t h e H o t exper iments i n d i c a t e d t h a t Pyrrhosoma showed a 

r a p i d s t a b i l i z a t i o n i n i t s r e s p i r a t o r y r a t e a f t e r changes i n t e m p e r a t u r e , 

a l l l a r v a e w e r e k e p t f o r 24 - i|£ hours a f t e r c o l l e c t i o n a t the t empera­

t u r e a t w h i c h t he r e s p i r a t i o n r a t e was t o be measured. T h i s was done 

f o r two reasons . 

i " I f j ;-'..osoma showed r a p i d r a t h e r t h a n no a c c l i m a t i s a t i o n , i t "was 

p o s s i b l e t h a t t h i s would proceed more s l o w l y a t l o w e r m e t a b o l i c r a t e s per 

rag i . e . i n 1 a r g e r l a r v a e and a t l o w e r t empera tu res ( : - . 3owle r p e r s . comm. 

1 9 6 7 , . A s h o r t p e r i o d o f exposure t o t h e t empera tu re a t wh ich measure­

ments were t o be made would ensure t h a t a l l s i z e s o f l a r v a e were g i v e n t h e 

oppo r t un i ty t o a c c l i m a t i s e . 

i i ) Larvae t a k e n f r o m the f i e l d and q u i c k l y p l a c e d a t l a b o r a t o r y t e m ­

p e r a t u r e s . h ighe r t h a n t h o s e a t w h i c h c o l l e c t i o n was made, f r e q u e n t l y 

showed s i g n s o f s t r e s s ; a c t i v i t y i n c r e a s e d , l a r v a e t o o k up o s i t i o n s a t 

the a t e r s u r f a c e and even a t t empted t o c l i m b o u t o f t h e c o n t a i n e r . 

These are a l l s igns o f s t r e s s a r i s i n g f r o m sudden r e d u c t i o n s i n oxygen 
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t e n s i o n ( C o r b e t 1 9 6 2 ) . However, t he ; were a lways observed t o d isappear 

w i t h i n a p e r i o d o f l e s s t h a n 24 h o u r s . (Oxygen s t r e s s was n o t observed 

i n t he p i l o t expe r imen t s u s i n g the tfarburg, presumably due t o t h e 

s m a l l q u a n t i t y o f . / a t c r i n each f l a s k (2 m l ) and the l a r g e a i r - w a t e r 

i n t e r f a c e . ) 

D u r i n g t h e s h o r t 11 a c c l i m a t i s a t i o n " p e r i o d , l a r v a e were p l a c e d i n 

l a r g e t anks o f wa t e r c o n t a i n i n g ond weed, l e a v e s and t w i g s and were 

f e d Daphnia . I t i s ex t r eme ly u n l i k e l y t h a t t h i s a f f e c t e d t h e m e t a b o l i c 

r a t e i n any way o t h e r t h a n t o ensure t h a t t h e l a r v a e had become accus­

tomed t o t h e e x p e r i m e n t a l t e m p e r a t u r e . 

1 0 . 2 BASEC METHODS USED IT: THE I-IAD: RESPIRATION MBA3UREMENTS 

"^es_ir t i o n r a t e s were measured a t 5, 10 and 16°C on most s i z e s o f 

l . rv e u s i n g i n k i e r t e c h n i l e . T h i s c o u l d n o t be used f o r v e r y 

s m a l l 1 r v - e and r e s p i r a t i o n r a t e s i n t..ese were measured a t l 6 ° G w i t h 

a C a r t e s i a n D i v e r a p p a r a t u s . 

" / . LI . ) ' ' -r 

P l a t e 4 shows t h e C a r t e s i a n D i v e r appara tus used t o measure r e s ­

p i r a t i o n r a t e s o f l a r v a e f r o m h a t c h i n g up t o i n s t a r 4 o r 5. - .cuthen 1 s 

s toppered C a r t e s i a n D i v e r s ./ere used , t h e methods f o l l o w e d b e i n g those 

o f ; ' . (1950] . 1 ] j EQ " d (see ."la 1 ... i L °67 , Le'co.jski 3 

Duncan 1967, 1 -'a. g k j 13 ] h k i 1966 1 1 1966b). D e t a i l s and 

technicjues were t a u g h t by ICLekowski and Duncan a t Roya l I l o l l o w a y C o l l e g e , 

London Sep t embe r 1966) and by H e k o w s k i a t the l i e n s k i I n s t i t u t e o f 

3xper imentaL B i o l o g y , ..arsaw, Poland ( A i ? r i l 1967;. 
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J a r t e s i a n d i v e r s are c o n s t a n t volume, v a r i a b l e pressure r e s p i r o -

me te r s . A f t e r b e i n g charged w i t h a f i x e d volume o f gas ( d i f f e r e n t 

f o r each and termed the " d i v e r cons tan t 1 ' Vg) t h e d i v e r s f l o a t n e u t r a l l y 

bouyant i n t h e f l o t a t i o n medium (0.1 N NaOH). The d i v e r s toppers are 

c o n s t r u c t e d so t l i a t p ressu re changes i n t h e f l o t a t i o n chamber a re 

t r a n s m i t t e d t o t h e gas b u b b l e , but. p r e v e n t d i f f u s i o n o f gas between the 

bubble and t h e medium. I n c r e a s i n g the p ressure on the -diver causes 

t h e bubble t o decrease i n s i z e and t h e d i v e r t o sir . . : (and v i c e - v e r s a ) . 

The e x p e r i m e n t a l an ima l i s p l a c e d i n t he water f i l l e d head o f t h e 

d i v e r (see p l a t e 5 ) . Next i s the gas bubble and f i n a l l y NaOH in . t h e 

stem o f the l i v e r aoove t t i e s t o p p e r . The NaOH i s con t inuous as a t h i n 

f i l m , between t h e s t o p p e r and stem o f t h e d i v e r , w i t h t h e NaOH of t h e 

f l o t a t i o n medium. Oxygen i s w i t h d r a w n by the an ima l f r o m the bubb le 

i n r e s p i r a t i o n and CQ g i s r e t u r n e d ; t h i s i s absorbed by the NaOH, t h e gas 

bubble decreases i n volume and the d i v e r s i n k s . • To r e f l o a t t h e d i v e r 

t o a cons t an t p o i n t t h e p ressure i n t h e f l o t a t i o n chamber must be 

decreased and t h e bubble expanded. T h i s i s done w i t h a manometer con­

t a i n i n g J r o d i e s f l u i d and the change i n p ressure necessary t o r e f l o a t 

t he d i v e r n o t e d , 3y t a k i n g a s e r i e s o f r e a d i n g s from each d i v e r and 

n o t i n g t h e t i m e , a g ra^h s i m i l a r t o t h a t shown i n f i g u r e 2 1 can be 

c o n s t r u c t e d . T h i s shows t h e i n c r e a s i n g pressure d i f f e r e n c e ( A h as mm 

o f Brod ies f l u i d ) necessary t o r e f l o a t t h e d i v e r p l o t t e d a g a i n s t t he 

t ime o f r e a d i n g . A l i n e was drawn t h r o u g h t h e p o i n t s by eye, f r o m w h i c h 

r e s p i r a t i o n r a t e i n ^ A . 1 jer i n d i v i d u a l par hour c o u l d be c a l c u l a t e d . I t 

i s c l e a r t h a t t h e e q u a t i o n i s i d e n t i c a l t o t h a t used t o de te rmine u 9 up­

t a k e i n a Warburg manometer. 
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Vg . A h 2?3 
A / , 2 = — . — 

o 

..here A V c - = volume o f 0 o consumed as 1 per i n d i v i d u a l p e r h o u r . 

Vg - D i v e r Cons t an t : t h e volume o f t h e gas bubble ( / U . 1 ) . 

A h = Pressure change as mm per hour 

P_ = l ' .ormal . ressure f o r system o * • 

10,000 mm o f Brod ies f l u i d . 

T = A b s o l u t e t empera tu re o f sys tem. 

The d i v e r appara tus was opera ted i n a 15°C c o n s t a n t t empera tu re 

room and the wate r b a t h c o n t r o l l e d a t 16°C w i t h an accuracy g r e a t e r t h a n 

0*Q5 G by u s i n g an e l e c t r i c lamp b u l b as a h e a t e r and a Gallenkamp Jumo 

t h e r m o s t a t w i t h a -»unvic F 103 /4 c o n t r o l . A maximum o f e i g h t d i v e r s 

c o u l d be r u n i n each e x p e r i m e n t . 

-oasurements were made f o r approx ima te ly two hours w i t h each i n d i ­

v i d u a l and the up take c a l c a l . t e d f o r t he c e n t r a l one hour p e r od . 

D u r i n g the r u n , l a r v a e u s u a l l y remained q u i e t l y on t h e s i d e o f t h e d i v e r 

(see p l a t e 5/ o c c a s i o n a l l y wal lc ing s l o w l y round i n s i d e t h e "head" . On 

comple t ion o f t h e r u n t h e y were removed, s t a r v e d f o r t w e l v e hours t o 

empty the g u t and then wet weighed. 

A l l d i v e r s were s i l i c o n i s e d i n s i d e t o p r e v e n t break-down o f t h e 

bubble meniscus o r "c reep" o f t he liaOH i n t o t he wa to r c o n t a i n i n g t h e 

l a r v a . A 5 p e r c e n t s o l u t i o n o f D i c h l o r o - d i m e t h y l - s i l a n e (ChO^SiCX^ 

i n c a r b o n - t e t r a c h l o r i d e was p l a c e d i n s i d e t h e d i v e r w h i c h was t h e n 
Q 

hea ted f o r 24 hou r s a t 100 G, l e a v i n g a f i l n o f s i l i c o n e i n s i d e . B e f o r e 

use , t h e d i v e r was t h o r o u j a l y r nsed i n d i s t i l l e d wa te r . V.o s i g n o f 
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any t o x i c e f f e c t s due t o t he s i l i c o n e were n o t e d : i ndeed , f o l l o w i n g 

e x p e r i m e n t a t i o n many m o u l t e d s u c c e s s f u l l y t o t h e n e x t i n s t a r . 

10.2b The . . i n k i e r I feasurgmgnts 

D i s s o l v e d oxygen was measured w i t h t h e m i c r o - . . i n k i e r method 

d e s c r i b e d hv Fox and - i n g f i e l d (1938) . The s t anda rd s p r i n g e manufac tu red 

by P h i l i p k a r r i s L t d . , Birmingham was used t h r o u g h o u t t h e s tudy , w i t h 

a grade A m i c r o b u r e t t e (Techn ico ) r e a d i n g t o 0.005 n£L« 

Jar e n t e r (1965a and b) and C a i T i b a.,1 J a r p e n t e r (1966) p o i n t e d 

ou t a number o f e r r o r s i n t h e . . i n k i e r t e chn ique and t h e i r recommendations 

..ere f o l l o w e d as c l o s e l y as p o s s i b l e . 

I n s p i r a t i o n r a t e s were measured by d e t e r m i n i n g t h e d i s s o l v e d oxygen 

c o n c e n t r a t i o n i n c lo sed b o t t l e s a t the b e g i n n i n g and end o f an e x p e r i ­

m e n t a l p e r i o d . As l o n g ago as 1934 A l l e e and C e s t i n ; : p o i n t e d o u t t h a t 

e r r o r s i n a b s o l u t e oxygen c o n c e n t r a t i o n d e t e r m i n a t i o n "can be t o l e r a t e d 

i f t h e r e i s assurance t h a t t h e a b s o l u t e , n o t t h e r e l a t i v e , e r r o r i n t h e 

same f o r samples t a k e n a t t h e two ends o f t h e r e s p i r a t i o n p e r i o d . " 

T h e r e f o r e , t h e p r e c a u t i o n s t a k e n were those des igned t o e l i m i n a t e t h e 

more s e r i o u s random e r r o r s , p a r t i c u l a r l y t h e l o s s o f v o l a t i l e i o d i n e 

d u r i n g t i t r a t i o n . 

The f o l l o w i n g s o l u t i o n s were p r e p a r e d : -

H t & g - 60 g per 100 m l . 

A l k a l i n e . J - 320 g pe r l i t r e NaOH 

200 g p e r l i t r e C 

C r t h o p h o s ^ h o r i c a c i d - c o n c e n t r a t e d a c i d S.G. l . K d i l u t e d w i t h an 

equa l volume o f d i s t i l l e d w a t e r . 
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Starch i n d i c a t o r - 1 g per ICO ml of saturated s a l t s o l u t i o n and 

f i l t e r e d . 

I!a o^ 90^ - from 3.D.H. concentrated ampouls. 

7_ *30 o - from analar, oven dried (60°C) KIO n fused i n standardising 

and checking of NagS^Oj). 

Solutions t h a t .-.ere too viscous t o enter the syringe e a s i l y were 

made more d i l u t e than S a r r i t and Carpenter suggested but a l l were more 

concentrated than those recommended by Fox and ..iiy.fi.eld (193c). 

I n making oxygen determinations, the syringe dead space was f i l l e d 

w i t h Mndp and then the water sample taken (11.33 ml). Four complete 

turns of the head screw ./ere used t o draw i n the a l k a l i n e ICE and s i x 

complete turns f o r the orthophosphoric acid. The syringe was rinsed 

out twice w i t h d i s t i l l e d water. The pH of the sample was tested on a 

umber of occasions and found t o H e between 1.8 and 2 . 1 w i t h most of 

the readings about pH 1.9 - 2«0. Jarpenter (1965a) recommended a pH of 2, 

Respiration measurements were made i n i n d i v i d u a l l y numbered ground 

glass stoppered b o t t l e s containing lengths of ground glass rod on which 

the larvae could c l i n g . Three d i f f e r e n t sizes of b o t t l e (approximately 

33, 67 ^ n d l 2 8 ml.) v/ere used, depending on the size of the larvae being 

studied: the volume of a l l b o t t l e s i n c l u d i n g the ground glass rod were 

determined i n d i v i d u a l l y and recorded. 

Jefore making measuro, T ,t.-, the water was allowed to stand f o r 48 

hours a t t h e experimental temperature. Durham tap ..ater iras used 

throughout. The b o t t l e s were f i l l e d and closed c a r e f u l l y t o ensure 

http://iiy.fi.eld
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t h a t no a i r bubbles ./ere trapped nd the time of closing eich b o t t l e 

noted. For each set of measurements two i n i t i a l c o n t r o l b o t t l e s were 

f i l l e d and t i t r a t e d i mediately. Hence the oxygen tension a t the begin­

ning of t h e e xperimontal period could be calculated. For every f o u r 

b o t t l e s containing Pyrrhosoma l a r v e, one f i n a l c o n t r o l b o t t l e without 

larvae was a l s o set up. A l l experiments ..ere run f o r approximately 

24 hours. At the end of t h i s experimental period, the b o t t l e s con­

t a i n i n g larvae and the f i n a l c o n t r o l b o t t l e s were t i t r a t e d . The 

difference between the oxygen i n the f i n a l c o n t r o l loot t i e s and i n the 

bo t t l e s containing jrrhosoma g ve the oxygen uptal e over t h t period. 

The change i n oxygen tension between i n i t i a l and f i n a l c ontrols was also 

calculated; i f the di f f e r e n c e was greater than 10 percent the r.m was 

discarded ( t l i i s was necessary on only two occasions]. 

r i i t h l a r g e larvae one or two i n d i v i d u a l s were placed i n each b o t t l e 

whereas w i t h small larvae up t o ten i n d i v i d u a l s were necessary, p a r t i c ­

ularly t lower temperatures. I n each case, the numbers used ere 

;stim ted to _ i v e a f a l l i n oxygen concentration of between 5 and 10 

percent. 

ixperiments at 5 and L0 C were conducted i n constant temperature 

rooms held a t • 0.1°C and experiments at 16°«3 i n a large water bath also 

held at + 0 . 1 C. 1 a t u r a l photoperiod v/as experienced throughout. At 

the end of t h e experiment larvae .:ere allowed t o empty t h e i r guts and 

were wet weighed. 

The c a l c u l a t i o n of the amount of dissolved oxygen i n each sample 

i s given i n d e t a i l by Fox and ...L:. 1'= (193*0. 
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10.3 BESPIBAUON RESULTS 

Using the two basic techniques described, infor m a t i o n was obtained 

on four aspects of r e s p i r a t i o n i n Pyrrhosoma 

i ) The e f f e c t of size and temperature on r e s p i r a t o r } r a t e . 

i i ) The change i n monthly r e s p i r a t o r y rates of f i n a l i n s t a r s and 

the e f f e c t s of metamorphosis, 

i i i ) The e f f e c t s of oxygen tension on r e s p i r a t o r y r a t e , 

i v ^ Sexual d i f f e r e n c e i n respiratory r a t e . 

lC .3a The f f e c t of ->izo j T ..tare . .. i r a orj ..ate 

Dita were c o l l e c t e d bet-.jeen Jul y I967 and May 1968. The r e s u l t s 

are presented i n f i g u r e 22, which shows the r e s p i r a t i o n rates £<4l per 

larva per hour) p l o t t e d against wet weights (mg) on a l o g : l o g scale f o r 

the three temperatures. I n t h i s instance, only f i n a l i n s t a r measure­

ments made between October and December were included. 

The expected s t r a i g h t l i n e r e l a t i o n s h i p between wet weight and 

re s p i r a t i o n r a t e on a l o g : l o g p l o t was obtained a t a l l three temperatures. 

The Cartesian d i v e r r e s u l t s (open c i r c l e s ) t 16 C f i t t e d extremely w e l l 

onto the ..inkier r e s u l t s obtained f o r l a r g e r larvae ( s o l i d dots) a t 16 C. 

Three separate regressions were calculated, which were as f o l l o w s : -

10 c 

y = C.?03x - I . 0 9 9 

y = 0.891x - 0.899 

16 y = 0.848x - O./.86 

where y = l o g ( r e s p i r a t i o n rate x 100) ( / ^ l per l a r v a rrer hour) 

x = l o g (wet wsight x 100) (mg) 
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The l i n e s shown i n f i g u r e 22 were calculated from these equations 

and the 16°C and 5°C slopes drawn on the 10°C graph f o r comparison. 

However, these equations were not those used i n subsequent energy 

budget c a l c u l a t i o n s . 

A t t e s t (leather 1964) showed t h a t there was no s i g n i f i c a n t 

difference between the slopes: these were therefore pooled and a 

common re press j on c o e f f i c i e n t of b = 0.667 obtained (:_.nedecor 1962). 

Three new regression l i n e s were calculated using t h i s common slope 

according t o the formula 

y = y + b ( x - x ) 

given p Daviea and ..alke.v (1966) 

..here y = mean of a l l the y values 

x = mean of a l l the x values 

b = common regression c o e f f i c i e n t . 

The new regression equations (used i n a l l subsequent energy budget c a l ­

culations) were:-

5°C y = O.B67x - 1.C02 

10°C y = 0.867x - 0.832 

16°3 y = 0.867x - 0.535 

Since b was a constant, i t i s clear t h a t temperature a f f e c t e d a l l 

sizes of larvae equally. Figure 23 shows t h a t a graph of l o g R: tem-

rature was not 'j—. .s (where it = r e s p i r a t i o n r a t e inyULl per l a r v a per 

hour) and several transformations f a i l e d t o give a l i n e a r r e l a t i o n s h i p . 

Therefore, a m u l t i p l e regression analysis (e.g. Comita 1968) could not 

be used t o c a l c u l a t e r e s p i r a t i o n rates of larvae a t intermediate temperatures 
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( i . e . temperatures other than 5, 10 and 16 C), The la c k of Li n e a r i t y 

i s shown i n f i g u r e 23 where the calculated res, i r a t o r y r a t e on a l o g 

scale i s p l o t t e d against temperature \ T two sizes of larvae. The 

dotted l i n e does not presuppose t h a t i t i 3 the 16 C po i n t which i s 

"out", but simply i l l u s t r a t e s the extent of the n o n - l i n e a r i t y . 

The r e l a t i o n s h i p of l o g R: temperature was probably c u r v i l i n e a r , 

but the e r r o r i n assuming t h a t the 5, 10 and 16° C points were joined 

by s t r a i g h t l i n e s was assumed n e g l i g i b l e and the assumption g r e a t l y 

s i m p l i f i e d c a l c u l a t i o n . Changes i n log ( r e s p i r a t i o n r a t e x 100) per 
o 

C were calculated as f o l l o w s : -

16 - 10°3 change i n l o g (R x 100)/°C = 0.0494 

10 - 5°C change i n l o g (R x 100)/°C = 0.0341 

Log (R x 100) could then be calculated a t any temperature f o r 

any size of l a r v a by c a l c u l a t i n g i t f o r the nearest regression l i n e 

V J L . ^ . 10 or 16 C) and 11 pg or su b t r a c t i n g the appropriate correc­

t i o n f a c t o r worked out from the change i n log (It x 100)/ Z. For 

example:- Calculate l o g (R x 10C) f o r a larva a t 12 C. 

1. F i r s t calculate l o g (R x 100) a t 10°C 

2. To t h i s ans er add (2 x 0.0494) 

3. This gives Jog (R x 100) a t 12°C. 

( A l t e r n a t i v e l y c a l c u l a t e l o g (R x 100) at l6°C and take o f f 4 x 0 .0494.) 

Therefore using the three regression equations recalculated w i t h 

a common regression c o e f f i c i e n t and the calculated changes i n l o g 

(R x 100) / C, the r e s p i r a t i o n rates of larvae of any si z e it any tem­

perature could be found ( w i t h the exception of some f i n a l i n s t a r stages, 
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see 10.3b). 

For the purpose of compering the e f f e c t s o f temperature on res­

p i r a t o r y metabolism w i t h the e f f e c t s of temperature on feeding rate 

(see chapter 12) r e s p i r a t i o n rates a t 5 and 10°C ./ere calculated as 

percentages of the rates at 15°C. The r e s u l t s were as f o l l o w s : -

Respiration rate at 10°C = 71.32 percent of rate at 15 C 

Respiration rate at 5°C = 'i#.13 percent o f r a t e at 15 °C. 

values were also calculated:-

Between 5 snd 10°G = 2.20 

Between 10 and 16°C Ĉ - = 3.12 

1C. 3b Beg i r - . t i o n i n F i n a l I n " t a r s 

lion-metamorphosing f i n a l i n s t a r r e s p i r a t i o n rates '/ere measured 

at 16°C monthly from October 1967 u n t i l A p r i l 1968: stage 2 metamorphosis 

larvae were also measured. 

"able l\Z (p 197) shows the mean wet 'eights and r e s p i r a t i o n rates 

of the larvae used i n these experiments. The table also shows the 

r e s p i r a t i o n rates o f the experimental larvae predicted from the 16°G 

regression r e l a t i n g l o g wet weight t o l o g r e s p i r a t i o n rate (section 10 .3a) . 

F i n a l l y , the mean wet .eights per i n d i v i d u a l o f f i n a l i n s t a r s i n pond 

B, over the same period, (estimated from the growth curve i n f i g u r e 

12 chapter 7) are included, together w i t h t h e i r predicted r e s p i r a t o r y 

rate a t 16°C. 

The mean weights of larvae used f o r r e s p i r a t i o n measurements were 

not always very close t o the mean monthly l a r v a l -'eights i n pond B. 
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The discrepancies were probably due t o the f a c t that t h e larvae f o r 

r e s p i r a t i o n measurements were ta!:en from other ponds i n the study area, 

where growth patterns may have been s l i g h t l y d i f f e r e n t . 

Although the repression equations given i n section 10.3a -ere c a l ­

culated i n c o r p o r a t i n g f i n a l i n s t a r data f o r Cctober-Dece nber only, i t 

i s clear t h a t the predicted and observed value f o r R shown i n tab l e 42 

are i n close agreement up t o February 1968. From March onwards, an 

obvious change took place and the observed values l i e consistently above 

the predicted values, being 1 .5 times higher i n non-metamorphosing March 

and A p r i l larvae and nearly twice as high i n stage 2 metamorphosis larvae. 

The increase i n Larch and A p r i l i s probably associated w i t h metamorphosis 

before external changes become v i s i b l e . 

10.3c Effec t of Oxygen Tension oa Respiratory Pate 

'.*rater of d i f f e r e n t oxygen tensions was prepared by bubbling nitrogen 

through a large r e s e r v o i r . ..inxler r e s p i r a t i o n measurements were 

carried out i n the usual way except t h a t larvae were kept i n the b o t t l e s 

f o r about 5 hours only. Figure 24 shows the re s p i r a t o r p rate of each 

lar v a p l o t t e d against the mean percentage oxygen sa t u r a t i o n of the 

water. i t u r t l o n values were taken from Carpenter (1966) 

I t i s clear t h a t r e s p i r a t o r y r a t e i n Pyrrhosoma was a f f e c t e d by 

changes i n oxygen tension. Between 100 and 50 percent s a t u r a t i o n the 

e f f e c t was s m a l l , whereas below 50 percent the e f f e c t was much greater. 

These r e s u l t s do not i n v a l i d - t e the f i n k l e r technique used f o r 

routine measurement of metabolic r a t e , since oxygen saturated water was 
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always used and the number of larvae nd b o t t l e sizes /ere adjusted t o 

ensure t h t ux} gen tension never f e l l below 80 or cent s a t u r a t i o n . 

The Cartesian Diver l s o measured the r e s p i r a t o r y rate of ."yrrhos or.,-

i n oxygen saturated water. 

The r e s u l t s present d i f f i c u l t i e s ha/ever, i n e x t r a p o l a t i n g between 

the laboratory measurements of r e s p i r a t i o n rate i n oxygen saturated 

water and the f i e l d , .'here oxygen tensions may vary markedly. The 

behaviour of the larvae i s s i g n i f i c a n t here. During normal measurement 

i n saturated water, larvae occasionally t a l k e d slowly round the b o t t l e 

but usually remained on the ground glass rod ne r the bottom. At red­

uced oxygen tensions, larvae attempted t o climb up the red to reach the 
11 surface 1 1 and frequently hung upside down from the bottom of the ground 

glass stopper. Periods of r a p i d swimming ..ere common and ..hen s i t t i n g 

the lamellae were widely spread, and the abdomen waved strongly from 

oi;c t o side* i n uve f i e l d , t l ^ s e i.re ~ — levicos which would increase 

the supply o f oxygen t o the larvae and suggest t h a t they probably r a r e l y 

experienced a g r e a t l y reduced metabolic rate i n small, weeds ponds ..are 

the surface could be easily reached* 

11. j d -' i .? y. |rence i n Li ..' a; ...te 

Jexual differences i n resp i r a t o r y rate './ere most l i k e l y bo be apparent 

i n the f i n a l i n s t a r , Since i t 'was desirable t o compare i n d i v i d u a l s o f 
/ o 

i d e n t i c a l -wet weight, a l l f i n a l ins t a r respiratory data obtained a t 16 C 

between October 1967 and February I96S were corrected t o a wet weight 

of 47 mg, using the common regression c o e f f i c i e n t of 0,667. 47 ng was 

chosen as being the approximate mean weight of L-rvae over t h i s 't r i o d . 
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Mean r e s p i r a t o r y rates (+2 standard e r r o r s ) ob' 3 weres-

4.57/U.l per l a r v a per hour (+0.206) 

4«43/*>l per l a r v a _ r .our ( + 0 . 3 H ) 

These means a r e not s i g n i f i c a n t l y d i f f e r e n t and there would appear t o 

be no difference i n the r e s _ i r a t o r p rates of male and female larvae. 

10.4 DISOTS^QN 

The ^resent 'work appears t o be the f i r s t time t h a t Cartesian Diver 

and ."inkier measurements of r e s p i r a t i o n rate have been made on sne 

Species under comparative conditions. Despite the f a c t t h a t the . . r i n c i ­

t i e s behind the two techniques d i f f e r ...arkedla., as do the main sources 

of e r r o r , the observed agreement between the r e s u l t s obtained by them at 

16°C was extremely good and provided a us e f u l check on the accuracy 

of the methods used. 

rate i n Ccbnata l a r v a 1 where the e f f e c t s of size and te perature through­

out .ievelopment have been examined. The value of 0.867 obtained f o r b, 

the com..on regression c o e f f i c i e n t of l o g Its l o g wet weight, i s t o p i c a l 

of many arthropods :ichle 1968, i l o i s t ^ r ... ack 1964, Zc b 3 1953] . 

wince b was constant a t a l l temperatures, r e s p i r a t i o n rate increased 

by a constant percentage per degree centigrade r i s e f o r a l l sizes o f 

larvae: t h i s i s not the ost t y p i c a l s i t u a t i o n ( r r o s s e r and Jrown 1961 

p .245)« The lack of l i n e a r i t y i n the temperature: l o g R grai'h was 

also less t y p i c a l than the l i n e a r response shown by many organisms 

(l o c . cit^p .239) • However, Q.n values were normal. 
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. s ^ i r a t i o n rates i n 1 o IO . babilised very rapidly f t r 
temperature changes so t h a t a c c l i m a t i s a t i o n was e i t h e r a. sent or .;as 
of the "immediate t^pc" discussed by j u l l o c k (1953). I f ^resent, i t 
Mas obviously only p a r t i a l . Fresh-w-ter poiiailo therms ( j u l l o c k 1955) 

' 1 ieed 1 ects i n general U.eislm-r ...1 3uc ; 1$ : i.) often show l i t t l e 

a b i l i t y t o compensate f o r environmental temperature. However, ~aj l g 

(1928 a and b y found t h a t large Aeslma „ .lis tool: 72 hours t o a c c l i ­

matise almost completely bo r i s i n ^ temperatures and ra t h e r longer t o 

f a l l i n g temperatures; w h i l s t I'atte'e (1955) was able t o demonstrate 

short acclimatis times i n ^ . i b e l l u l a spp. I n t h i s case, with 

both f a l l i n g aad r i s i n g temperatures a c c l i m a t i s a t i o n ..as complete 

a f t e r 15 or 20 hours and, i n another eeries of experiments, a f t e r only 

5 hours. He also mentions t h a t a c c l i m a t i s a t i o n may take t-lace i n 

Pyrrhosoma b i t the d e t a i l s of the experi snt ..re not reported. I t i s 

lerefore possible t h a t small £ygoptera l i k e 1 vrrhosoma shov; r a p i d 

p a r t i a l a e c l i m a t i s a t i o n t o temperature and t h a t t h i s i s complete w i t h i n 

a matter of hours. I n the i n i t i a l ..arburg experiments c a r r i e d out 

i n the present study, about one hour elapsed between r a i s i n g the 

temperature of the larvae and measuring respiratory r a t e and i f any 

acc l i m a t i s a t i o n occurred, most of i t ̂ robably took ,lace w i t h i n t h i s 

hour. 

From t h e point of view of methodology, the absence of any- a c c l i ­

matisation a nd r a p i d a c c l i m a t i s a t i o n are e s s e n t i a l l y s i m i l a r because 

i n both cases r e s p i r a t i o n rates s t a b i l i s e very quickly a f t e r changes 

i n environmental temperature. Under these circumstances, r e s p i r a t i o n 



rates measured i n the laboratory ( a t a series of constant temperatures) 

can probably be extrapolated t o t h e f i e l d (where temperatures are 

changing c o n t i n u a l l y ) without a great leal of e r r o r . 

Unfortunately, i t has not been the ^ r a c t i c e t o date i n e c . l o g i c a l 

energetics t o determine the nature of the a c c l i m a t i s a t i o n response i n 

the species t eing studied. Those species l i k e l y to present the 

greatest d i f f i c u l t i e s w i l l , show a c c l i m a t i s a t i o n extending over a matter 

of laps. Under these circumstances, with h a b i t a t temperatures changing 

con t i n u a l l y , a c c l i m a t i s a t i o n map never be completes a l t e r n a t i v e l y 

animals may a c c l i m a t i s e t o the mean d a i l y , weekly or monthly tempera­

tures, though a t the moment i t i s not known which, i f any, of these 

p o s s i b i l i t i e s are correct. I t i s clear however, t h a t the u n c r i t i c a l 

use of acute Rate - Temperature data ( i . e . r e s p i r a t i o n rates measured 

without p r i o r acclirc b i s a t i o n , j u l l o c k 1955) of the ty£je use 1 i n anj 

energ t i c s s t u d i e s (Ilenhinick 1967, ..ie.'.ert 1965, c h i l l i , son and .'.atson 

1965; could l e a d to serious errors i f the species being studied show's 

slow a c c l i m a t i s a t i o n . A l t e r n a t i v e l y , i f some ac c l i m a t i s a t i o n i s t o 

be given a t what temperature should t h i s bel Further extensive work 

i s required on these problems. 

I t was f o r t u n a t e f o r the purposes of the present study t h a t 

Pyrrhosoma d i d not show long a c c l i m a t i s a t i o n times. 

Many f i s h have a metabolic rate under a c t i v e f i e l d conditions t h a t 

i s approximately twice t h a t of the r e s t i n g metabolism measured i n a 

respircraeter (Edwards 1967, Ilann 1965, ..inborn 1956), w h i l s t Cdum e t a l . 

(1962) used a s i m i l a r r e l i t i o n s h i p Tor several vertebrate and i n v e r t e b r a t e 
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components of an old f i e l d ecosystem. on the basis of the work by Odum 
et a l . , other authors (though by no means a l l ) have also doubled t h e i r 
laboratory meas-ire,uents of r e s p i r a t i o n f o r small arthropods before apply­
ing them t o the f i e l d e.g. ijenhinick (1967;, - a i t o (I .967). Provided 
t h a t the n i m a l s i n the res f cirometer are not unduly r e s t r i c t e d however, 
there would a t l e : r t o be l i t t l e j u s t i f i c a t i o n f o r t h i s procedure without 
a greot deal more information than i s a t present ava i l a b l e f o r most 
species* (For a discussion of t h i s | roblem w i t h ^ a r t i c u l a r reference 
t o Cartesian Diver respirometry see l i i e l s e n 1961). one of the reasons 
f o r chosing Odonata larvae i n the present study /as t h a t they appeared 
t o avoid s uch methodological d i f f i c u l t i e s by normally remaining s t i l l 
f o r long e riods so t h a t behaviour i n the f i e l d and i n the respirometer 
were s i m i l a r * The extra energy expended i n movement by small aquatic 
animals may i n any case be much less than t h a t used by f i s h or t e r r e s ­
t r i a l species ( .inborr 1956). Laboratory measurements of the r e s p i r a t i o n 
rate of 7z rrhosom , were therefore applied d i r e c t l y t o thm f i s l - . " . . i d 
^erc not doubled. 

An a l t e r n a t i v e model t o the r e s t i n g versus f r e e existence metabolic 

rate has been proposed L 2 [ . y j 3 ; ; :' [i 

- ; 1 i n Hicker 1968) 1 t . '\. f e t a l meta­

b o l i c r a t e i n the f i e l d i s considered as ( s t a r v a t i o n , r e s t i n g metabolism} 

_lus (energy released by a c t i v i t y ; . Ins (energy cost of feeding or 

Specific Urnaoic Action S.D.JU). This approach appears t o be t h e o r e t i c a l l y 

more s a t i s f a c t o r y then a simple "laboratory- r e s t i n g / f i e l d a c t i v e " 

approach but, f o r Odonata a t lea s t , i t i s doubtful whether attempts t o 
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measure these componants separately would give more accurate r e s u l t s . 

.ayle (1?'£a,, °cr example, found t h a t the metabolic r a t e of s t a r v i n g 

Aeshna larvae never s t a b i l i s e d so t h a t measurement of a constant starva­

t i o n r e s t i n g metabolic r a t e would _robablp be impossible. 

I o ever, the S.D.A. approach c l e a r l y emphasises J°--e e f f e c t s of 

food intake on metabolism. As more food i s consumed, the energy 

cost of u t i l i s i n g i t increases so t h a t t o t a l metabolic rate r i s e s with 

increasing food i n t a k e , independent of changes i n locomotive a c t i v i t y * 

Depending on t h e q u a n t i t y and q u a l i t y of the food, and on the i n i t i a l 

metabolic s t a t e , 3.D.A. may account f o r 5 - 40 percent of the energy 

value of the f o o l consumed by f i s h ( .arren and Davis 1967) but the 

problem has received l i t t l e d e t a i l e d a t t e n t i o n from i n v e r t e b r a t e ecolo-

g i s t s . Durlao e t . a l . (196?) estimated t h a t .D.A. i n the l i l k w o r m 

Bo byx accounted f o r only 1.5.- of the ingested energy, but t h i s was 

considered t o be unusually low. I n the present study, animals were 

fed before b eing placed i n the respirometer following Mann1 s (1965; 

procedure. l i n c e most Pyrrhosoma taken i n the f i e l 1 had food i n the 

gut (chapter 12 table 54) t h i s ./as considered more reasonable than t o 

run them under s t a r v a t i o n conditions i n the respirometer. However, 

food le v e l s caald not be matched exactly with those i n the f i e l d and 

i t i s c l e - r t h a t because of the metabolic e f f e c t s of feeding or starva­

t i o n most respirometry w i l l be subject t o some e r r o r i n e x t r a p o l a t i o n 

to the f i e l d . 

Respiration rates i n Mayfly larvae were minimal on substrates of 

"preferred" p a r t i c l e size; substrate also a f f e c t e d the response t o 
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changing oxygen tension (Eriksen 1964) . .a. t i e r : nd Tctee (1955/, 

also working with Mayfly larvae, demonstrated t h a t unsuitable sub­

s t r a t e conditions markedly affected Q^Q r e s u l t s . '.vidence f o r sub-

s t r a t e p a r t i cle si^.e s e l e c t i o n i n Cdonata v/as ^resented by [eetch and 

l.oran (1966) b u t i s considered rare, though the nature of the sabstn.te 

i s important i n t h a t many s 'ccies, i n c l i i i n g py rrhcoma, are s t r o n g l y 

thigmotactic ( l o r b e t 1962). Small lirrhosoma remained motionless on 

the sides of the Cartesian Divers f o r long <: sriods, but i n the ..inkier 

b o t t l e s , l a r g e r larvae walked about continually unless provided w i t h 

a ground glass rod on which they could c l i n g . I t i s clear t h a t unless 

these precautions t o s'i . i l a t e n a t u r a l conditions had been taken, res-

j; i r a t i o n r e s u l t s may have been q'lite d i f f e r e n t . 

Oxygen t ens ion i n small shallow ponds normally varies markedly', 

both d i u r n a l l y and seasonally (Jamforth 1962, .elch 195 , ..Vdtney 1942 

etc.) so much so t h a t t o obtain any meaningful p i c t u r e of oxygen t e n ­

sion changes r e q u i r e s numerous observation over 4 hours throughout the 

ye?r (lacsri 1963t h i t n e y 1942). Measurements of t h i s ty pe were beyond 

the sco^e o f the present work. any pond invertebrates appear t o have 

r e s p i r a t i o n r a t e s t h a t are inde;en-dent o f f a l l i n g oxygen tensions down 

t o very low l e v e l s G'acan 1961, Jon as son 1964, _aa— 1961) so t h a t the 

dependent pattern of r e s p i r a t i o n shown by I'yrrhosom?. was s u r p r i s i n g , 

even though a very/ s i m i l a r response was demonstrated i n Anax inner, t o r 

by "3. Kanler (pers. comm. 1967). Zygoptera, however, show strong 

behavioural responses t o f a l l i n g oxygen tension (Corbet 1962) using 
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strong side t o side movements of the lamellae t o ,iovs fresh rater over 
the body surface and, at lower oxygen l e v e l s , climbing t o the surface. 
None of these responses can be e f f e c t i v e i n a closed res^irometer and 
i t i s h i g h l y probable t h a t r e s p i r a t i o n rates i n gyrrjiospma i-ere main­
tained i n t h e f i e l d i n the face of f a l l i n g oxygen l e v e l s by these w e l l 
developed behavioural responses. 

, j -.ends on (1961) and F h i l l i , son (196'", 1963) have stressed the 

importance o f allowing f o r seasonal end d a i l p rhythms i n r e s p i r a t i o n 

studies. D a i l y feeding and r e s p i r a t o r y rhythms /ere demonstrated i n 

Aeshna grsndis bp Berezina (1959) and followed each other closely. 

Cdonata showing i a i l y rhythms appear t o be the more h i g h l y evolved forms 

i n which t h e eyes have become i n c r e a s i n g l y important f o r prey detection 

( l o r b e t 1962) so t h a t t h i s excludes most o f the Zygoptera, i n c l u d i n g 

- :.aa . -.o . .. Experiments demonstrating the lack of any obvious period­

i c i t y i n food i n t ke i n ayrrhosoma are reported i n chapter 12, w h i l s t 

the s i m i l a r i t y between the Cartesian Diver r e s p i r a t i o n measurements 

rx.de over a r e s t r i c t e d period (usually t.vo hours i n the morning or 

early afternoon) and the ."inkier measurements made over 24 hours, 

suggests t h a t there was no d a i l y p e r i o d i c i t y i n the r e s p i r a t i o n rate o f 

yrrhospma. There was l i t t l e change i n metabolic rate a i t h season when 

larvae were compared at one temperature, exce_t i n f i n a l ins-tars p r i o r 

t o metamorphosis. There was no evidence t o i n d i c a t e t h a t changing 

photoperiod had an e f f e c t on metabolic r a t e i n the way t h a t Luta and 

Jenner (1?60) found f o r some species of Odonati . 

http://rx.de


Fischer 1 s work (1966, 1967a) on Lestcs i s the only _ub ished 

study i n -which the r e s p i r a t i o n rate of a dragonfly has been measured 

throughout development. Unfortunately, the data are not presented i n 

a way t h a t can be compared w i t h the present study . Other studies on 

Odonata r e s p i r a t i o n are of an extremely fragmentary nature i n which 

r e s p i r a t i o n r a t e s have been measured at one ( r a r e l y more; temperature 

and usually w i t h larvae of unspecified size (ddwards 1946, .. r. i - a. 

1958, - itaroraaiah 196?). Ugain l e g i t i m a t e ca p r i s o n i s impossible. 

The e f f e c t s of metamorphosis on r e s p i r a t i o n have been dealt w i t h 

more thoroughly. ^utz and Jenner (1960) found t h a t metabolic r a t e 

i n c r : - j rk a'; l u r i n g metal s i s i n Jeer, one i r i a and Fischer 

(1967a) found a s i m i l a r increase i n Lestes j u s t p r i o r t o and during 

metamorphosis. The work with Pyrrhosom confirms t h i s r i s e i n res­

pirator:, r a t e , though i t i s i n t e r e s t i n g t o observe t h t i n Fyrrhosom; 

the metabolic r a t e increased some considerable time before morphological 

signs of metamorphosis were v i s i b l e . 

An attempt by ix>rmondy (1965) t o measure metabolic rates i n larvae 

of the dragonfly PI themis l y d i a tfith Zinc - 65, based on the meta­

b o l i c a c t i v i t y meter concept of '- due - nd Golle: (1963) was unsuccessful 

because the larvae absorbed most o f the zinc onto t h e i r body surface. 

Successful a p p l i c a t i o n of t h i s technique l i g h t have y i e l d e d extremely 

valuable information about many of the methodolopicml problems encount­

ered daring the present study. 



10.5 APPLICATION OF RESPIRATORY DATA TO F I .: D POPULATION 

1C. § OxycaLoric C " ' i t 

An oxyca lo r i c c o e f f i c i e n t of 4*825 k f c a l o r i e s sr L i t r e as used 

t o ca lcu la te the heat 2nerg_y 1 >st i n r e s p i r a t i o n . This corresponds t o 

an R.Q. o f 0 . 8 2 , which Brody (1945) described s the simplest and per­

haps the moist accurate f i g u r e t o use. I t i s also the average R.Q, o f 

many res t i n - i n s e c t s . (Edwards 1953). A.s Orody (1945) i o in ted out , the 

range of oxy c a l o r i c c o e f f i c i e n t s i s r e l a t i v e l y n rrow, d i f f e r i n g f rom 

the mean f i g u r e used at an R.Q. of 0.8 r. by on ly plus or minus 3.5 per­

cent. Since xyrrhosouia was a carnivore , i t s ..'as almost ce r ta in ly 

less than 1 , but greater then 0 .7 , so t h a t the use o f the average orgy-

c a l o r i c c o e f f i c i e n t .-/as probably w i t h i n 1 or 2 percent o f the "ac tua l " 

value. 

R 5 '. ^ l i . Lost - r ..-.. . •• . c ••-V 

The meai monthly wet weights per i n d i v i d u a l used i n the r e s p i r a t i o n 

ca lcu la t ions were ca lcu la ted from tal_J.es 20 - 23 ( sha t t e r 7 ) . .*et 

weights on t he f i r s t on the month and on the f i r s t o f the next month 

.ere added toge the r and d i v i d e d by two. The metamorphosis stage and 

hatching dates ,:ere those given i n chapter 6. 

Respi ra t ion ra tes were ca lcu la ted as,/A_ 1 per lu.rva per .month using 

the mean monthly temperatures £ iven i n t ab l e 7 (chapter 4) and converted 

t o ca lor ies us ing the o . x y c a l o r i f i c equivalent o f 4*825 k . c a l s . per l i t r e . 

I n d e t a i l the procedure was to m u l t i p l y hour ly rates by 24 and then by 

the number o f lays i n the month. At the hatch and dur ing metamorphosis, 

http://tal_J.es
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respirat ion had to be calculated f o r periods shorter than one month: 

i n these cases, mean pond temperatures for the shor te r periods ..ere 

used 2nd dail^ respiration ra tes were m u l t i p l i e d by the appropriate 

number of d$ s. 

The equations and methods given i n section 10.3- v;ere used to 

calculate data for a l l larvae except f i n a l ins t a r s i n r^irch, A p r i l and 

May. During th is period retamorphosis increased the mstabolic rate 

above that predicted ty the regression equations (see section 10.3b). 

Prior to entering v i s i b l e mstamorphosis in March and A p r i l , respirat ion 

rates calculated from the regressions were mult ipl ied *q> 1.5 (see 

section 10.3h,. Data for stage 2 .metamorphosis larvae ..ere talien 

direct ly from the f i g u r e o f 1C.4C/A -1 per l a r v a per hour at 16 J 

obtained for th i s st?„_;e, corrected f or temperature. Per stage 3 meta-

morphosis, the average ca lor i c Ions was taken as being eq> a l bo the 

calories respired i . e . 80.216 - 72.078 cals per larva or 8.140 calories 

(see chapters 2 and 7). 

The resul ts are ^resented in tables 43 - 46, From these figures 

of to ta l re sp ira t ion jxpressed as calor ies t e r l a r v a per month, i t 

Mas possible to calculate t o t a l pop lot ion respirat ion per square meter 

and also to evaluate the proportion of ingested energy l o s t i n r e s p i r a ­

tion e ch month. These are calculated in chapter 14. 
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Iionth or 
s p e c i f i e d 

shor ter t ime 
i n t e r v a l 

t e a r l i f e h i s t o r y 
sta?e 

I 
wet 

weight 
{ g) 

Ja lor ies 
r e s p i r e d / 

1 rva ( i n 
s^e c i f i e d 

t ime 
i n t e r v a l } 

•:•!: : iv.-y, t 
Aug. 
Sept. 
Oct. 
R O T . 
Dec. 

1966 

hatch 

F i r s t / in te r 

0 . 1 2 1 
0.304 
0 . 646 
C 9 3 2 
1.003 
1 . C03 

0 .063 
0.169 
0 .237 
0.261 
0.215 
C.175 

Jar.. 
Feb. 
~ larch 
A p r i l 
I : 
June 
July 
Aug. 
Sept. 
Oct. 
Nor. 
Dec. 

1967 

Second summer1s 
3rov/th s t a r t s 

1.003 
1 .0:3 
1.034 
1 .311 
1.975 
3.671 
7.895 

15 .74 
30.65 
43.5 
46.72 
57.16 

0 .164 
0 .174 
0.219 
0.266 
0.515 
1.281 
3.149 
5.363 
7 . 0 3 1 
6.656 
5.197 
4*638 

Jan. 
Feb. 
l_arch 
A p r i l L s t - l 6 t h 
a p r i l 17th-30th 
l>.y 1 s t - 2 nd 

3 r d - J ) t h 

1968 

T re'" e ta mo r _ h 0 s is 
r i s e i n 

res^ i r a t i o n 

_t:.j;e 2 met. 

Stage 3 1 ie t . 

47.50 
4S.O6 
49 .74 
49.74 

4 .660 
5 . 1 4 1 
8 .844 
4 .864 
7.456 

14.649 
8.140 

Table ': 3 Calculated ca lor ies respired j e r i n d i v i d u a l l a rva 
dur ing time i n t e r v a l s shown; I 9 6 6 year c l . = ss i n 
pond _. 
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'v. 
s p e c i f i e d 

shor ter t ime 
i n t e r v a l 

L i f e h i s t o r y 
stage 

:et 
reight 

UaJ <~iraes 
L r e d / 

July 
Aur 

- at 
Oct 
rov 
Dec 

1966 

Second summer 

3 n t r y to 
f i n a l i n s t a r 

3 . ' 
30.47 
1 . 
45.59 
46.71 

'.719 
7,208 
5.903 
4.879 

Jan 
Feb 

rch 
A p r i l lsi>-9th 
A p r i l lC th-3Dth 
Kay l s t - ^ t h 
"ay 25th-?l3t 

1967 
Iremetamor; hosis 
r i s e i n res^ i r a ­

t i o n 
Stage 2 met. 
Stage 3 met. 

47.83 
49.63 
51.93 

4.681 
5.146 
9.762 
-.685 

10.177 
14.744 
8.140 

rable hk 
t ime 

bed c a l 
i n t e r v a l s 

Dries r e sp i r ed per i n d i v i d u a 
shown: I965 year class i n 

1 larva dur ing 
pond 3. 

Kbnth o r 
3A-eci f i e J 

shorter t irrie 
i n t e r v a l 

Year L i f e h i s t o r ; 
i.ean 

wet 
reight 
; g) 

Calories 

( i n s p e c i f i e d 
t i e i i t e r v 1] 

' ~ , \ - ; ~ ' 

- t . 
- c t . 

I cv. 
Dec. 

1967 

natch 

F i r s t v / in ter 

Q # Q Q O 

0.271 
0 .634 
0.937 
] .013 
1.013 

0.159 
^ .244 
0.238 
0.187 
0.166 

Jan. 
Feb. 

I larch-
A p r i l 
M«y 
June 

1968 

t a r t o f second 
summer1 s groy/th 

1.013 
1 . - ] : 
1.047 
n .238 
1.931 
' . ; :. ' 

0.166 
0.159 

. 
0.230 
0.540 
2.030 

Table -:5 Calculated calories respired per individual larva 
during time intervals shown: 1967 year c lass in 
pond 3. 
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Month or Calories 
" r L i f e history wet re s f i r e d / l a r v a 

shor ter t ime stare ' t ( in Si s c i f i 'A 
in terva l time interva l ) 

Ju ly 15 th -3Ls t i t ch D.032 
Aug. 0.142 
Sept. 1967 0.551 0.195 
Oct. 0. ¥. 0 . 2 1 1 
Nov. F i r s t winter 0.979 . ] 71 
Dec. 0.979 0.159 

Jan. 0.979 0.162 
Feb. 1968 0.979 0.150 
M rch 0.979 0.182 

A p r i l 1.066 0.216 
i y - e cond s ui aner1 s 1.471 0.368 

June growth s tar t s 3.803 1.175 
July 1967 11.02 3.690 
.'-uw 20.43 6.257 
Sept 3a. 97 6.734 
Oct Entry t o 43.85 S.472 
Nov f i n a l ins tar 47.19 a. 93; 
Oec '8.35 4.667 

Jan. 48.80 4.818 
Feb. 49.09 4 . ';-80 
".larch ? r erne tarn 0 r£ hosis '•9.74 8.184 
A r i l l s t - 1 9 t h 1968 r i s e i n r e s p i r a ­ 5.373 
A n i l 20 th -30 th tion - 5.290 
lOay l s t - 2 4 t h l t a £ e 2 met. - 13 .792 
May 25th-31st Jtage 3 met. — 8.140 

Table ^6 Calculated calories respired per individual 1 -
during time intervals shown: "composite" l i f e 
cycle made up of 1966 and 196? year classes i n 
pond F. 



Pla te 4« The Cartesian Diver apparatus. I n the 

centre of the photc h i s the water bath, 

w i t h e igh t f l o a t a t i o n chambers; i n f r o n t 

of the water bath i s the b inocula r micro­

scope used to v i ew the d ive r s i n opera t ion ; 

on the extreme r i g h t i s pa r t o f the l a rge 

manometer, and I anometer a d j u s t i n g screw. 
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i 



Pla te 5. Pyrrhosoma nym.ohula i n a Cartesian Diver . 

The head of the d i v e r and par t of the stem 

and stopper on ly are shown. X15 approx. 





F i g . 20. -Results of an experiment to t e s t whether 

... . shaved metabolic acclimatisation 

to temperature. See text for details 

(section 1 0 . l a . ) 
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Uypical readings obtained from one Cartesian 

J i v e r , and a calculat ion of oxygen uptake 

by ?y mho soma, fro:;- those readings. 
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The e f f e c t o f l a r v a l si^e on the respiration ra t e 

° - - - I-, --C . 1 16°C. The ca lcula ted 

regressions i r e presented -in section 1 0 . 3 a , 
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The e f f e c t o f t empera tu re on t he r e s p i r a t i o n r a t e 

o f Pyrrhosoma l a r v a e , t o she./ t h e e x t e n t c f t he 

n o n - l i n e a r i t y i n a oLot o f l o £ . Ft a g a i n s t temper­

a t u r e , ( . r e s p i r a t i o n r a t e s f o r the two s i z e s 

o f l a r v a e c a l c u l a t e d f r o m the r e g r e s s i o n s ^ i v e 

i n s e c t i o n 1 0 . 3 » ) « 
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The e f f e c t o f (Mgrgen t e n s i o n on t h e r e s - p i r a t i c 

r a t e o f f i n a l i n s t a r ^ T r h o ^ o ^ a l a r v a e . t 10 C 
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t r h a . i e r 1 1 

MfijQB j E C7 S S B S B ^ r . - t i o n and ,.:-:.v:.u.: 

. . •oduc t i -

n . i a r j R K n c w (u ) 

: a i don (1959) showed t h a t ,.eshna cyanea l a r v a e e x c r e t e d s o l u b l e 

n i t r o g e n o u s u r i n e . I n s t a r v e d l a r v a e , 74 pe rcen t o f t h e n i t r o g e n 

e x c r e t e d was i n the f o r m o f Ammonia and o n l y 8 p e r c e n t as U r i c A c i d : 

18 ^.ercent was made up o f unde te rmined n i t r o g e n o u s compounds. A f t e r 

f e e d i n g o n j r o t e i n (egg a l b u m i n ) , t o t a l n i t r o g e n e x c r e t i o n i n c r e a s e d 

and t h e p r o p o r t i o n o f Ammonia i n t h e u r i n e rose t o 87 p e r c e n t ; e x c r e t i o n 

o f U r i c A c i d a n d o t h e r components d i d n o t i n c r e a s e . . . i t h £4 - 48 hours 

o f f e e d i n g , 60 p e r c e n t o r more o f t h e n i t r o g e n absorbed was e x c r e t e d . 

T h i s appears t o be t h e o n l y work on n i t r o g e n e x c r e t i o n i n Cdonata l a r v a e 

; - r s e l l l 9 6 7 ) . 

Tests f o r e x c r e t i o n o f Ammonia e re made w i t h ?7/rrho3o;ea k e p t i n 

ace ta te b u f f e r CStaddon p e r s . comm. 1967) u s i n g i . e s s l e r ' s s o l u t i o n . 

The exper iments c o n f i r m e d t h \ t ry r rhosoma e x c r e t e d Ammonia, t h o u g h , on 

a c o l c r i m e t r i c b a s i s , t h e q u a n t i t i e s were much l e s s t h a n i n _ i a l i s 

l a r v a e o f a s i m i l a r s i z e r u n f o r compar i son . I n v i e w o f the l o w me ta ­

b o l i c r a t e o f Pyrrhoeoma, t h i s was t o be expec ted and i t i s p robab le 

t h a t .ammonia ibrmed t h e main e x c r e t o r y p r o d u c t as i n Ae shna. 

.. i n t e r ^ (1956) argued t h a t vjhere Ammonia i s the c h i e f e x c r e t o r y 

end p r o d u c t i t can be i g n o r e d i n f i n a l energy budget c a l c u l a t i o n s . 

. I rueger e t a l . (1968) i n d e p e l e n t l y d i s cus s t h i s problem and t h e i r 

work suggests t h a t a number o f . . i n b e r g 1 s p o i n t s r e q u i r e c o r r e c t i o n bu t 

w i t h o u t s u b s t a n t i a l l y a l t e r i n g h i s c o n c l u s i o n s . 
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I t i s r easonable t o assume t h a t most o f t h e ^ r o t e i n n i t r o g e n 

e x c r e t e d i n Ldonata appears i n t h e f o r m o f Ammonia, i n wh ich case, 

14.2 p e r c e n t o f a s s i m i l a t e d p r o t e i n energy w i l l be e x c r e t e d i n t he 

u r i n e (Krueger e t a l 1968) and n o t [ / c e n t as s t a t e d fcjy i i n b e r g . 

Prey i n rrViosoma i s n o t ICC pe rcen t p r o t e i n : the r e s u l t s o f analyses 

c a r r i e d out b y B l a z k a (1?66) sho.;ed t h a t J h i r o n o m i d l a r v a e ..ere on 

average 64 p e r c e n t p r o t e i n (mean o f samples 51.-64 i n B l a z k a ' s t a b l e 4). 

T h e r e f o r e , a ^ p r o x i m a t e l y ^ ' ^ Q O ^ O R 9 p e r c e n t o f t h e t o t a l f o o d 

energy a s s i m i l a t e d w i l l be l o s t i n the u r i n e . ~ i n c e on average o n l y 

9 x 90 

90 pe rcen t o f t h e f o o d consumed i s a s s i m i l a t e d , ' -^-Q o r 8 p e r c e n t o f 

t h e t o t a l e n e r g y i n g e s t e d w i l l be e x c r e t e d as Ammonia by Fyr rhoso i ra . 

T h i s i s a maximum f i g u r e assuming t h a t none o f t he p r o t e i n n i t r o g e n i s 

u t i l i s e d f o r g r o w t h . The p r o p o r t i o n o f i n g e s t e d energy i n c o r p o r a t e d i n 

g rowth v a r i e d t h r o u g h o u t development , b u t , excep t i n w i n t e r (when t o t a l 

energy consumption was l o w anyway) , g r o w t h u s u a l l y accounted f c r o v e r 

40 pe rcen t o f the energy i n g e s t e d (see f i g u r e 33, chap t e r 14). I t was 

t h e r e f o r e reasonable t o assume t h a t f o r most o f development l e s s t h a n 

5 pe rcen t o f the i n g e s t e d energy was l o s t i n t h e u r i n e . 

S ince e x c r e t o r y energy l o s s was a p p a r e n t l y such a s m a l l p r o p o r t i o n 

o f the t o t a l n c r g y consumpt ion , no a t t e m p t .:as made t o e s t i m a t e i t f o r 

-T/rrhosoma 3n t h e energy budget c a l c u l a t i o n s . 

11.2 BU VI DM F Wm S3TKS ( to.) 

L a r v a l h e a d w i d t h s .-/ere measured s h o r t l y a f t e r m o u l t i n g and t h e 

exuv ia c o l l e c t e d , washed t o remove l o o s e d e t r i t u s and d r i e d i n a vacuum 



oven a t 60 ^ . j *xav ia were p l aced on preweighed f o i l t r a y s and the 

r e l a t i o n s h i p between l a r v a ] , head w i d t h and t h e dry w e i g h t o f the 

exuvium (produced i n t h e m o u l t t o t h a t i n s t a r ) o b t a i n e d . The exuvium 

produced by t he m o u l t f r o m pronymph t o i n s t a r 2 was n o t c o l l e c t e d and 

. as i g n o r e d i n t h e c a l c u l a t i o n s . 

I t was s h o m i n chap te r 2 t h a t t y p i c a l l y r j ; r r h o s o m a passed t h r o u g h 

t w e l v e i n s t a r s and m o u l t e d t e n t imes between i n s t a r 2 and e n t e r i n g t h e 

f i n a l i n s t a r . La rvae spend t h e i r f i r s t w i n t e r i n about i n s t a r 6 ( t h e 

mean head w i d t h o f j u n i o r age c lass l a r v a e c o l l e c t e d between Wove be r 

and 2'larch was 1 . 1 mm) so t h a t f c u r m o u l t s t a k e A . lace between h a t c h i n g 

i n J u l y and "the end o f the f i r s t summers g r o w t h i n e a r l y November and t h e 

r ema in ing s i x m o u l t s between resuming g rowth a g a i n i n A p r i l and e n t e r ­

i n g t he f i n a l i n s t a r i n e a r l y Oc tober . M o u l t s were t h e r e f o r e conven­

i e n t l y a s s igned one per month as f o l l o w s : -

M o u l t be tween i n s t a r s 2 - 3 J u l y , a f t e r h a t c h 

3 - k Augus t 

U - 5 Septe be r 

5 - 6 L c t o b e r 

• o • t h bet . zee : ove. b . r . .a rch 

6 - 7 A p r i l 

7 - 8 May 

6 - 9 June 

9 - 3 0 J u l y 

10 - 1 1 August 

1 1 - f i n a l September 



- -04 -

C a l o r i f i c v a l u e s o f e x u v i a .-.rere o b t a i n e d i n t h e u s u a l waj and 

a re p re sen ted i n chap te r 3. A l l e x u v i a were .grouped t o g e t h e r except 

t hose . roduced a t emergence by the m o u l t t o t h e imago. i n c a l c u l a t i n g 

exuvium p r o d u c t i o n o f l a r v a e i n t h e pond t h e f i n a l i n s t a r e x u v i u n a t 

emergence was n o t , o f course , i n c l u d e d i n t h e a n a l y s i s . 

The r e l a t i o n s h i p between exuvium d r y . / e igh t (r ig) and head w i d t h 

(mm) o f t h e l ^ r v a a f t e r t h e m o u l t w h i c h £ roduced t h e e x u v i u n i s shown 

i n f i g u r e 2 5 - The r e l a t i o n s h i p was l i n e a r on a l o g : l o g p l o t and t h e 

c a l c u l a t e d r e g r e s s i o n gave 

-here y = l o g ( d r y . / e igh t o f exuvium x 1CC0) 

x = l o g (head w i d t h o f n e x t i n s t a r x 10) 

U s i n g t h i s r e g r e s s i o n , exuvium i r y weigh ts f o r t h e model head w i d t h s 

shown i n f i g 3a ( c h a p t e r 2) were c a l c u l a t e d and the r e s u l t s ^ r e s e n t e d 

i n t a b l e 47, w h i c h a l s o shows the c a l o r i e s l o s t pe r exuvium e s t i m a t e d 

f r o m t h e c a l o r i f i c v a l u e data i n t a b l e 5 (sample 19). 

1 c a l o r i e s l o s t i n e x a v i u : : p r o d u c t i o n t h r o u g h o u t development 

were onl". 4.516 c a l o r i e s pe r l ^ r v - . The t o t a l c a l o r i e s 5 so rpora ted 

i n t o f i n a l i n s t a r t i s s u e /ere 80.16 c a l s ( f o r an average stage 2 meta­

morphosis l ^ r v a ) so t h a t g r o w t h p l u s e x u v i a amounted t o a t o t a l t i s s u e 

p r o d u c t i o n o f 84.7 c a l s . Exuvium p r o d u c t i o n accounted t h e r e f o r e , f o r 

j u s t over 5 p e r c e n t o f t he t o t a l p r o d u c t i o n per l a r v a . 

The p r o p o r t i o n o f i n g e s t e d energy l o s t as e x u v i a each month t h r o u g h ­

o u t development i s shown i n f i g u r e 33 ( c h a p t e r 1.4). 



I t i s c l e a r f r a these r e s i t s t h a t f o r Py r rhos^ g the energy 

l e s t as exuv ia was r e l a t i v e l y u r i r i po rbamt i n the t o t a l energ j budget , 

a r e s u l t s i m i l a r t o t h a t i m p l i e d o r demonstrated i n nearly/ a l l o t h e r 

e n e r g e t i c s s t u d i e s . The l a r g e s t f i g u r e appears t o be t h a t r e - o r t e d 

•y las^:or (1966^ r c r "Vyhaus iq ; ' a c i f i c a where one t h i r d o f the ne t 

Srov;th i s l q s t as ca s t e x o s k e l e t o n , b u t t h i s i s <_uite e x c e p t i o n a l . I n 

a lmos t a l l o t h e r spec i ee , exuviiom p r o d u c t i o n accounts f o r only, a f e w 

pe rcen t i t h e t o t a l energy budget . I n Ana t o . q u i a ( c h i r o r o . i d l a r v a e ) , 

a - v i a r e p r e s e n t e d about 3 p e r c e n t o f t o t a l i n g e s t i o n ( T e a l 1 9 5 7 ) ; i r 

A s e l l u ^ t h e j r e . ':out 3 p e r c e n t o f t o t a l a s s i m i l a t e d energy ( F i t z -

- - ?68] 1 l e ' Calanus f i i ' [ .. . rner 

e t a l . 1 9 6 7 ) . 
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M o u l t 
between 
i n s t a r s 

Mb nth 
in which 

m o u l t 
occu red 

Head w i d t h 
(mm) 

o f l a r v a 
a f t e r moul t 

C a l c u l a t e d 
d r y . / e i gh t 

exuvium 
produced (mg ) 

C a l o r i e s ; 
exuvium 

2 - 3 J u l y 0.525 0.002 0.010 

: - 4 Aug . 0.675 0.005 0.020 

k - 5 _e t . 0.825 0.008 0.035 

5 - 6 O c t . 1.025 0*014 0.063 

6 - 7 A p r i l . 1.250 0.023 0.106 

7 - 8 May 1.550 0.042 0.188 

8 - 9 June 1.850 0.067 0.302 

9 - 10 J u l y 1.350 0.126 0.57L 

10 - 11 Aug. 3.COO 0.241 1.094 

1 1 - f i n a l S e p t . 3.850 0.469 2.127 

Table 47 Dry - ' . ' ' i t and c a l o r i e s l o s t pe r e x u v i u n i n m o u l t o f 
rg rrl'ioso. ;a t h r o u g h o u t levelopment . L a r v a l head 
w i d t h s a re t aken f r o m model va lue s presented i n f i g 
3a, chap te r 2. 



of l a r v a l head w i d t h a f t e r m o u l t i n g . The 

ca c G a t e d r e g r e s s i o n i s p resen ted i n s e c t i o n 

11.2. 
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1 t e r 12 

' . - : - . . • F i . . p i i ; ( G ) 

3J2.1 GENERAL H:TRODUCTIOM 

1 2 T h e ?• • a c t i ar a 1 1 >.es. onse 

Feeding r a t e s i n most i n v e r t e b r a t e c a r n i v o r e s are n o t spec ies 

s p e c i f i c b u t i n c r e a s e w i t h i n c r e a s i n g p rey d e n s i t y t o a s u s t a i n e d 

maximum r a t e , the so c a l l e d f u n c t i o n a l response o f L o l l i n g (1965, 

1966). 

Pyrrhosoma had a s t r o n g f u n c t i o n a l response (see f i g 2 6 ) . T h i s 

p a r t i c u l a r example shows t h e mean number o f Da hn io c a p t u r e ! i n one 

hour (+2 s t a n d a r d e r r o r s ) i r 6 groups (10 l a r v a e pe r g roup) o f f i n a l 

i n s t a r s t h a t had been s t a r v e d f o r k& hours a t 15°C p r i o r t o t h e e x p e r i ­

ment, and t h e n f e d a t t h e d i f f e r e n t prey d e n s i t i e s i n d i c a t e d w i t h 

s i m i l a r a i z e d Da h n i a . The c o n t a i n e r s had a d i ame te r o f 5 cm and a 

aer depth o f I, cm; one fi/rrhoaaaa. l a r v a tfas _ ' ced i n each, 

W i t h t he f r e y d e n s i t i e s used, maximum f e e d i n g r a t e s were n o t 

reached due t o t h e l a r v e h a v i n g been s t r v e d . . . ' i t h l e s s hungry 

l a r v a e , t he response l e v e l l e d o u t t o a s u s t a i n e d maximum f e e d i n g r a t e 

independent o f any f a r t h e r i n c r e a s e i n p rey d e n s i t y . 

The s t r o n - f u n c t i o n a l r e s onse i n Pyrrhosoma meant t h a t f i e l d 

f e e d i n g r a t e s c o u l d n o t be measured d i r e c t l y i n the l a b o r a t o r y bacause 

of t he a lmos t i m p o s s i b l e t a s k o f r e p r o d u c i n g t he coaiplex p a t t e r n s o f 

p r e y d e n s i t y and d i s t r i b u t i o n t h a t e x i s t e d under n t r - 1 c o n d i t i o n s . 

1 . 1 ' . ar- cat;; a. -a - a' " va ou r 

Before d e s i g n i n g f e e d i n g experiments, i t was a l s o -""eadrable t o 
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show whether o r n o t Pyrrhosoma had a d i u r n a l f e e d i n g o r i e f a e c a t i c n 

r h y t h m . 

Leng th (rim) 
o r i n s t a r 

L i g h t 
n 

Dark 
n 

i-Iean number o f Daphnia 
ea t e n / l a r v a / d a y ±2 . . . . 

I n l i g h t I n d a r k 

1 3.40 10 10 5.9+1.7 7.4+2.0 n o t 
s i g n i f i c 

2 10.00 12 J . J 9.6+0.5 9.9+0.5 n o t 
s i g n i f i c a n t 

3 f i n a l i n s t a r 10 10 10.2+0.7 10.0+0.4 n o t 
s i g n i f i c a n t 

Table 48 L e s u i t s o f exper iments t o t e s t the a b i l i t y o f t h r e e 
s i z e s o f Pyrrhosoma t o cap tu re p r e j (Daphnia) i n 
t h e l i g h t o r d a r k . ( D i f f e r e n t s i z e s o f D " a i 
were g i v e n t o t he t h r e e s i z e g r o u p s ) . 

Table 48 shows t h a t t h e r e was no obvious ( d i f f e r e n c e i n the a b i l i t y 

o f Pprrhosoma l a r v a e o f any s i z e t o cap ture . r ey when k e p t i n permanent 

d a y l i g h t o r permanent darkness f o r 24 h o u r s . 

S o l l e c t i n ^ t i m e 
i n f i e l d 
CB.S.T/) 

n 
i Tears nurr.be r o f hours t o 
produce f i r s t f aeces i n 

l a b o r a t o r y a f t e r c o l l e c t i o n 
1 S .E . n 1 S .E . 

. : 19 5.15 1.14 

12.25 18 5.38 1.07 

18.05 12 6 . 7 1 2 . 0 7 

24. CO 1 / 7.14 0.98 

I I c 49 Metm t ime ( h o u r s ) f o r L: r v ; . e t o _ r oduce ( f a eces a f t e r 
c o l l e c t i o n : s e n i o r age c l a s s l a r v a e (mean l e n g t h 
8.6mm) c o l l e c t e d f r o m pond 3 8/8/66. 

http://nurr.be
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Table 49 shovjs t h a t t h e r e was ^ r o h a b l y no d i f f e r e n c e i n t he 

p a t t e r n o f d e f a e c a t i o n t h r o u g h o u t 24 h o u r s . Larvae o f a s i m i l a r 

s i z e ( a l l a p p r o x i m a t e l y i n s t a r 1C) ./ere c o l l e c t e d f r o m the f i e l d eve ry 

s i x hou r s , and t h e t i m e t aken t o produce t he f i r s t f . e e l _ d i e t s 

r eco rded f o r each i n d i v i d u a l . The r a t h e r l o n g e r t i m e apparen t ly t aken 

by t h e l a r v a e c o l l e c t e d a t 24.00 h . was u n f o r t u n a t e l y due t o inadequa te 

o b s e r v a t i o n ; the f i r s t e x a m i n a t i o n was made a t Ol.OOh on 9/8/66, bu t 

t h e second n o t u n t i l 06.Z[.5 h . :y a h i c h t i m e most of t i iO l ; : r v c h; d 

p 'o iuced f leces . 

rumber o f l a r v a e 
T i~c i n t e r v i 1 defae e a t i n g i n each Number a o t 
(B.S.T.) 6 hou r p e r i o d d e f a e c t j 

18 .00 - ?4.00 26 24 7- ' = 0.978 

24.00 - 06 .00 25 25 p = 0 . 9 - 0 . 8 

No s i g n i f i c a n t 
.00 - 12.0 : 30 d i f f e r e n c e i n 

f aeces 
12.00 - 18 .00 22 28 p r o d u c t i o n i n 

any s i x hour 
p e r i o d . 

Table 50 Number o f l a r v a e l e f a e e a t i n g i n each s i x hour p e r i o d 
i n t h e l a b o r a t o r y . La rvae one yea r o l d (mean l e n g t h 
6.8 mm) e x p e r i e n c i n g n a t u r a l ^ ho t o p e r i o d a t 15 C. 

The l a c k o f a l e f a e c a t i o n p a t t e r n /as c o n f i r m e d by t he r e s u l t s 

shown i n t a b l e 50 . F i f t y l a r v a e ( a l l a p p r o x i m a t e l y i n s t a r 9) were 

m a i n t a i n e d i n t h e l a b o r a t o r y f o r one week a t 15 Z w i t h n a t u r a l p h o t o -

p e r i o d and were f e d excess D„, h n i a as p r e y . On 12/7/67 and 13/7/67 t h e y 

were examined every s i x hours and the number d e f a e c a t i n g i n the p r o c e e d -

lug s i x hour s n o t e d . X " a n a l y s i s showed t h a t t h e r e . as no s i g n i f i c a n t 



d i f f e r e n c e i n t he d e f a e c a t i o n p a t t e r n t h r o u g h o u t t he 24 hou r p e r i o d . 

n >se t h r e e exper iments show bl ' Pyrrhosoma has no d i u r n a l 

p e r i o d i c i t y i n any p a r t o f i t s f e e d i n g b e h a v i o u r . 

12.2 ami] FEEDING RATES I I : THE LABOTiATGHY 

1 2 _ _ _ _ _ 

I n f o r m a t i o n was o b t a i n e d on the maximum f e e d i n g r a t e s l i k e l y t o 

be achieved under n a t u r a l c o n d i t i o n s . I n c o n d u c t i n g maximum f e e d i n g 

r a t e exper iments* l a r v a e , a f t e r c o l l e c t i o n , were kep t a t the e x p e r i ­

m e n t a l t empera tu re w i t h o u t f o o d f o r 24 - 48 h o u r s . The expe r imen t then 

began and r a n f o r about one week. 

J a h n i a obtusa f r o m the same l a b . c i l t u r e used i n t h e a s s i m i l a t i o n 

exper iments a/ere used t h r o u g h o u t t h e s t u d y . i-axLmum f e e d i n g r a t e s 

.•re r e measured i n i t i a l l y as g d r y . / e igh t o f Da. hr . ia consumed l a r v a 

per day and the y r c c e d u r e f o l l o w e d was i d e n t i c a l t o t h a t ised i n t h e 

a s s i m i l a t i o n exper iments (see chap te r 9). Larvae .:ere f e d a known 

number o f Da;>hnia, g r e a t l y i n excess o f t h e i r r e q u i r e m e n t s : t h e mean 

s i z e and r e p r o d u c t i v e c o n d i t i o n o f t he Da:>hnia . a r e nd bj 

coun t i ng t h e Da. ha. i a l e f t a f t e r each 24 hou r p e r i o d , t h e i r j . / e igh t 

consumed pe r l a r v a p e r dap c o u l d be c a l c u l a t e d . Fresh -a. a;- i „ ..ere 

added and a l l the p r e v i o u s daps , r e ; removed da.il ; , . 

A l l l a r v a e were k e p t i n i n d i v i d u a l c o n t a i n e r s ( w h i c h v a r i e d i n 

s ize a c c o r d i n g t o t he lu , rva ) and were p r o v i d e d w i t h a t w i g t o w h i c h 

t hey c o u l d c l i n g . Photo p e r i o d was c o n t r o l l e d by t i m e c l o c k s and was 

as c lo se a s p o s s i b l e t o t h a t i n the f i e l d a t t he t i m e of measurement. 

http://da.il
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The size of Da: hn i a added t o the containers va r ied depending on the 

s ize of the l a rvae . For ve ry smal l i n d i v i d u a l s ) a l l counting was 

ca r r ied out under a b inocu la r microscope. 

The r e s u l t s of maximum feeding rate experiments designed t o 

t e s t the e f f e c t s of l a r v a l s ize , t e -pera ture and f i n a l i n s t a r diapause 

on metamorphosis are k resented below. 

..umbers -..f Da h n i .. and ar;. b of D .'•• i a Jonsu . ' . 

Figures 27a amd 27b show the r e s u l t s o f t y p i c a l maximum feed ing 

ra te experiments a t 15°C ca r r i ed out f o r 11 days wi th f i n a l ins t a r s . 

Data f rom two groups of larvae ( s o l i d and dot ted l i n e s ) - re inc luded ; 

i n the upper f i g u r e 27a, r e s u l t s are expressed as mean number of 

Daohnia eaten per l a rva ;.er day, and i n the bottom f i g u r e 27b, as 

mean drp . .eight eaten per l a r v a per day. 

The numbers eaten f l u c t u a t e d wide ly , depending on prey s i z e , but 

the t o t a l d r y weight eaten was remarkably constant from day 4 t o day 

11 and i t i s c lea r t h a t the l i m i t i n g f a c t o r was no t the number o f 

prey consumed but r a the r i t s bulk ( i . e . dry . e i g h t ) , a phenomenon 

noted by : . o l l i r . ; ; (1966, 3 | l t (1967) f o r other carnivores . 

I t i s c lear t h a t the sustained maximum feeding ra te between days 

4 and 11 was r a the r less than the i n i t i a l ra te on dav 2 (and x erhaps 

day 3 ) . This i n i t i a l h igh r a t e , f o l l owed by a decl ine t o the sus­

ta ined maximum feed ing r a l e was probably due t o la rvae f i l l i n g up 

t h e i r empty gu t s a t the s t a r t of the experiment; once the gut was 



f u l l , the feed ing ra tes s e t t l e d down t o sustained maximum l e v e l s . 

A l l ca lcu la t ions were t h e r e f o r e based on t i ie sustainable rates and 

omit ted the i n i t i a l h igh r a t e s . 

2^2 Effte c ts o f L a r v a l | i z e a ^ x i i n u n Feedii'p, -late 

rleasurenemts were made at 15 C +_ 0.5 C, f o r a l l sizes o f l a rvae ; 

the r e s u l t s presented i n f i g 28b show the maximum feed ing ra te (mg 

dry weight consumed per l a r v a per day) as a f u n c t i o n o f l a r v a l l eng th 

i n mm. The r e l a t i o n s h i p was l i n e a r on a l o g : l o g p l o t and the ca l cu ­

l a t e d regression was 

y = 2.42&C - 0.948 

.here y = Log(M.P.R. x 100) 

x = l o g ( l a r v a l length) 

Larval l eng th measurements were a lso converted t o wet weights (mg) 

and a regression c o e f f i c i e n t of b = 0.924 ca lcu la ted f o r l o g wet 

weigh t : log laximum feed i i _ . te . a t t e s t (I lather 1965} showed t h a t 

t h i s l i d not d i f f e r s i g n i f i c a n t l y f rom the slopes o f the l o g wet weight 

versus l o g r e s p i r a t i o n r a t e regressions obtained i n chapter 10. I t 

may t h e r e f o r e be concluded t h a t inc reas ing l a r v a l s ize a f f e c t e d maximum 

feeding r a t e i n the same way as i t i n f l uenced r e s p i r a t i o n r a t e . 

12.2d J f f e c t of ;rati*re on i^jrimum Feediu . ^abe 

Hxperiments were c a r r i ed out w i t h f i n a l i r is t a r la rvae at 10°C 

and 4°C (both •0,1°C) and w i t h smal l l a rvae a t f z ( + 0 . 1 ° C ) . 15 

larvae were r u n a t each temperature. The r e s u l t s are presented i n 

table 51 and i n f i g 28a. 
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Maximum feed ing rates a t 10, 5 ~nd K C were ca lcula ted as per­

centages of the rates a t 15°C from the i n d i v i d u a l d r j weights eaten 

per l a rva per day us ing the regression given i n sec t ion 12.Zc, One 

standard e r r o r of the mean i s shown i n t ab le 51 and +two standard 

er rors i n f i g 28a. 

.Zince data f rom la rvae o f d i f f e r e n t s izes could be f i t t e d eas i ly 

onto cne l i n e (drawn by eye i n f i g 28a), i t i s reasonable to suggest 

t h a t temperature i n f l uenced maximum feed ing r a t e equal ly ( i . e . there 

was a constant percentage change per C) i n a l l sizes o f l a rvae . This 

was i d e n t i c a l t o the more thoroughly analysed s i t u a t i o n f o r metabolic 

r a t e , .."here b was con t a n t a t a l l temperatures (see chapter 1 0 ) . 

From t h e slope o f the l i n e i n f i g 28a, a change o f 6.2 percent 

per °Z was c a l c u l a t e d f o r maximum feeding ra te w i t h temperature. The 

maximum feeding ra te f o r any size o f larvae a t any temperature could 

the re fo re be found from the ra t e at 15 C and the percentage change i n 

t h i s ra te per 8, 

The e f f e c t of temperature on metabol ic ra te appears to d i f f e r 

from i t s e f f e c t on maximum feeding ra te below 10 C, This i s made 

c lear f rom t h e f o l l o w i n g comparison, .^. t .bo l i e r a t e 'ata are taken 

from ch : t e r 10. 

Fercentage o f r a t e at 15 G i n : -

^oc. i . .v . t io Ida :'• feedia "ate 

10°C 71,3 percent 69 percent 

5 C 4-2•! percent 38 percent 
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I t 10°G agreement was f a i r l y good, but i t 5°^ ° ' temperat res 

depressed maximum feeding r a t e more than metabolic r a t e so fch t the 

r e l a t i o n s h i p between metabol ic ra te and temperature was not l i n e a r 

(see chapter 10 ) , but the r e l a t i o n s h i p between maximum feed ing r a t e 

and temperature was. 

Also shown i n f i g 23a i s a curve i n which t h e change i n maximum 

feeding r a t e was redacted f rom the e f f e c t o f temperature on gut 

clearance t ime . Measurements of gut clearance time are "escribed i n 

sect ion 12.3 below and f o r the present i t i s s u f f i c i e n t t o note t h a t 

the e f f e c t o f temperature on maximum feed ing r a t e was assumed to be 

the r e c i p r o c a l of the e f f e c t of temperature on gut c lea r ., ce t ime i . e . 

i f gut clearance t ime was doubled, maximum feed ing ra te was halved, 

e tc . 

I t i s c l e a r from f i g 26a t h a t the depression o f maximum feeding 

ra te w i t h f a l l i n g temperature, p red ic ted from the change i n got 

clearance t ime , fo l l owed f a i r l y c l o se ly the observed depression o f 

metabolic r a t e w i th temperature shown above: i n other words:, temperature 

a f f e c t e d gut a c t i v i t y and t o t a l metabolism i n much the same way, which 

i g h t have been expected. I t i s also apparent, however, t ha t as w i t h 

t o t a l metabolic r a t e , below 10°2 maximum feed ing ra te was a c t u a l l y 

depressed more by temperature than was p red ic ted from the gut clearance 

data. 

The v a r i a b l e e f f e c t s o f temperature on these d i f f e r e n t components 

below 10°S i s discussed f u r t h e r i n sec t ion 12 .6 . 



1 . . 2 Z• Si u • •:"' •• -* 2 " .'. - P S . 

Maximum feed ing rates i n f i n a l i n stars a t 15°C 'ere meas r e d 
monthly between October 1?67 and February 1966. From Febr a.r„ 
onwards, l a r v a e r a p i i l y entereo1 metamorphosis on being brought i n t o 
the l abora to ry - t 15°C and niaximum feed ing ra tes could not be 
measured. However, t he re was no reason t o be l ieve t h a t before 
en te r ing m stamorpl"iosis, ra tes i n March and A p r i l were any d i f f e r e n t 
t o those o f m rer.T.tamoiv-h.osis February* l a r v . e o f s i m i l a r s ize . The 
e f f e c t s o f metamorphosis on maximum feed ing r a t e were also i n v e s t i ­
gated* The r e s u l t s of both experiments are presented i n t ab les $2 
• 3 53". 

The month ly mean maximum feeding rates increased between mid -

December and r id - January , a t about the time when l a r v a l diapause 

was presumed t o have ended (see chapter 1 3 ) . The increased may 

have been associated w i t h the t e rmina t i on o f diapause and i s d i s ­

cussed f u r t h e r i n chapter 13. However, a l l pre and os t diapause 

f i n a l i n s t a r data f i t t e d the regression l i n e shown i n f i g 2Sb so 

tha t maximum feeding r a t e s o f f i n a l i n s t a r s were calc l a t e d d i r e c t l y 

from t h i s r eg re s s ion , regardless o f t h e i r probable diapause condi ­

t i o n . 

The e f f e c t s o f metamorphosis ./ere more pronounced. Maximum 

feeding r -^tes o f l a rvae i n metamorphosis were measured u n t i l f eed ing 

ceased, p r i o r to en t e r ing stage 3* The data were arranged so t h a t 

the f i r s t day on which no feeding occurred was designated day C and 

the days previous t o t h i s day - 1 , - 2 e t c . 
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C c l i e c t i n g 
late 

Mean l a r v a l 
l e n g t h 

(mm) 

Mean maximum 
f e e d i n w ra te 
Hig/L-.rva/day 

- . i . 
l ia^ 
con 3 51 i on 

20/10/6? "I 3. CO 154 0.603 0.014 d i a ^ a ^ e 

3 3,41/67 13.10 60 0.638 l a rvae 

] 13/67 13.35 64 0.693 0.023 

1 5 / l / f f l 

27 / 2/68 

13.54 

13.79 

80 

60 
1.007 

C957 

0.023 

0.030 

I 0 3 t 
diapause 
l a rvae 

Table 52 . i n maximum sustained feed 'a ie o f f i n a l 
i n s t a r Fyrrhoeoma through w i n t e r : n i s the number 
of l a r v a l - d a } s, i . e . t o t a l observations on the 
dry ./eight eaten by each l a rva each day. 

Day* f rom 
stopping 
feeding 

Mean maximum 
feeding r a t e 
mg/larva/day 

Iletamorphosis stage 

0.879 S a r l y stage 2 metamorphosis 

-5 C535 

- 4 0 . /02 

-3 0.367 

-2 0.269 

- 1 0.138 Late stage 2 metamorphosis 

C 0 ' ge 2-3 borrlsr l i n e : l a b i a l 
auscles start, t o atrophy. 

+1 0 ^tage 3 metamorphosis: atrophy 
o f l a b i a l muscles complete. 

Table 53 Change i n riaximum f e e l i n g r a t e 1 i r i ] g metamorphosis 
i n 1'yrrhosoi a. : t 15 °C. 
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About one week before feeding stopped (day -6 ) maximum feed ing 

rates o f e a r l y stage 2 la rvae ./ere s l i g h t l y less than i n the ^ost 

diapause l a rvae shown i n t a b l e 52: feed ing ra tes then progress ive ly 

decl ined as shown i n t a b l e 53. 

I-ajcLmum feed ing rates of f i e l d la rvae were not c : , c . l : t e d a f t e r 

March! once the popula t ion had entered laetamor^hosis, because of the 

d i f f i c u l t y i n e x t r a p o l a t i n g between the t i m i n g o f the labor bory 

decl ine i n maximum feed ing ra t e at 15 C and the much longer t ime 

spent i n metamorphosis i n the f i e l d ; but i t i s probable t h a t p o t e n t i a l 

maximum feed ing ra tes did dec l ine throughout metamorphosis i n the 

f i e l d , as i n the l abora to ry though over a longer period of t ime . 

12.3 STTMaTIGN CF FELD FEEDING AT S FROM GOT E ..... 2B TIKE 

Since i t was impossible t o estimate f i e l d feed ing ra tes d i r e c t l y , 

an i n d i r e c t method had to be used based on the o f t e n used technique 

of measuring the q u a n t i t y o f m a t e r i a l i n . the gut and gut clearance 

t ime . 

1...3 yat ; i - . z a: as 

The timie in hours f o r prey t o pass through the gut from consump­

t i o n t o Je f aecat ion was designated the gut clearance t ime . Because 

o f the l a c k of p e r i o d i c i t y i n feeding and def eca t ion , t h i s f i g u r e , 

d iv ided i n t o 24, gave the number o f times i n a day t h a t the gut con­

ten ts turned over, or /ere replaced. 

Using Da hnia s prey, gut e".e-ar..nce times Mere estimated f o r 

d i f f e r e n t s izes o f la rvae a t 5, 10, 15 ?.nd 22°G. A f t e r def ae c a t i o n , 
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l a rvae were kept wi thout food f o r 24 - 48 hours at the experimental 

temperature and allowed t o c lea r t h e i r guts . They were f e d f o r 10 

minutes a f t e r which time a l l Daphni were removed and the mid-poin t 

o f t h i s f e e d i n g ^e r iod taken as the average time a t which consumption 

occurred. Larvae Mere examined every hour and average faeces produc­

t i o n times were taken as the ^o in t midway between the l a s t observat ion 

before faeces ere , reduced nd the f i r s t on which faeces were 

observed. 

Chironomi Is could not be obtained i n s u f f i c i e n t quan t i t i e s t o 

repeat the experiment i n d e t a i l and gut clear-nee time w i t h Chironomids 

was only measured f o r f i n a l i n s t a r s a t 15 2, f o l l o w i n g the ^roce^ure 

o u t l i n e d f o r Jaohnia. 

Two f u r t h e r checks on gut clearance times fere made. During the 

. s i am. a: sriments w i th Chironomids and Da shriia ca r r i ed out a t 

15°C (see chapter 9 ) , the nuaber o f f a e c a l p e l l e t s produced each day 

by each f i n a l i n s t a r was recorded. . i l l faeces were approximately the 

same s ize , and the number o f p e l l e t s j roduced per l a r v a per lay f rom 

the taci^/pes of food presumably bore the same r e l a t i o n s h i p t o one 

another as t h e t o t a l gu t clearance t imes . The Chironomid data were 

compared w i t h Da,;hnia 1 t a obtained w i t h s i m i l a r sized larvae at the 

same time of the year (January) . 

F i n a l l y , gut clearance times of f i e l d l a rvae were checked f rom 

the experiment described i n sect ion 12.1b, the c o l l e c t i o n s made every 

six hours on 8/8/06, but ins tead o f t a k i n g the mean t ime of f i r s t 

faeces produc t ion , the mean time f o r complete gut clearance ( i . e . l a s t 
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faeces product ion) was calculated* Pond temperatures i n e a r l j August 

averaged 15°0 so tha t br* b r i n g i n g la rvae i n t o the l a b o r a t o r y as soon 

as possible a f t e r c o l l e c t i o n and p lac ing them i n the 15°G constant 

temperature room, dis turbance was min imal . They ere then v i s i t e d 

regular ly ' and the t ime o f production of the l a s t f aeca l p e l l e t con­

t a i n i n g f o o d remains taken from the time h a l f way between two v i s i t s , 

as i n the l abora to ry Da h n i experiments. The data obtained i n the 

24.CC h c o l l e c t i o n -ere excluded f rom the analysis because of the 

lon_ time e laps ing between the F i r s t and second v i s i t s . 

The r e s u l t s o f the lft.bor-.toiy gut clearance experiments i t h 

Da hnia •• r e presented i n f i g s 29a and b. The upper graph shows the 

e f f e c t o f l a r v a l s ize on gut clear-nee at 1 5 ° ^ (head wid th , r a ther than 

l eng th , was found t o give a b e t t e r c o r r e l a t i o n w i t h clearance t ime . 

the reason f o r t h i s i s not knonn). The equation of the l i n e i s : -

y = 3.26&X + 2.640 

.here _ = gut clear- nee time i n hours 

x = l a r v a l head wid th i n mm. 

The l o w e r f i g u r e Shows the --- t clearance times a t 5, 10 and 22° 3 

expressed as percentages o f the t ime a t 15 C larvae of a l l :'aes 

..ere used and t h e i r a c t u a l clearance time a t these temperatures 

expressed as .ercentages o f t h e i r ca l cu la t ed clearance time a t 15 C. 

F ig 29b shows the mean percentages + two standard e r r o r s . Between 

5 and 15°G. gut clearance times increased by 10.6 percent per C J f a l l 

i n temperature, and between 15 and 22 C decreased 3-5 percent per 

http://lft.bor-.toiy
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3 r i s e i n temperature* 

From the equation f o r gut clearance times at 15 C, and the 

percentage changes per C, gat c lea r . 1 ce times w i t h 3a. la l a f o r any 

size o f l a r v a at any temperature coul.d be obtained. 

The gut clearance t ime i n the laboratory of 14 f i n a l i n s t a r 

larvae f e d w i t h Chironomids at 15 G was found to be 28.92 hours 

(jf 7.48 hours ; . This was 1.9 times longer than the ca-c l u t e d t i n e 

F 15.2 hours f o r f i a l 5 bar Ltl oh i .. 

The meai number o f f a e c a l p e l l e t s produced per dap b j f i n a l 

i n s t a r la rvae a t 15 C, when f e d Chironomids was obtained from data on 

2C larvae ever per iod of 14 daps. Bach l a r v a produced G.89 

(+0.099) p e l l e t s per day; (so t h a t most la rvae had a t l ea s t one day 

hen no p e l l e t s were produced, even t h n u j n feeding was cont inuous) . 

26 f i n a l i n s t a r s f e d on Daphnia produced, on average, 1.95 (+0.168) 

pe l l e t s per daj f o r 7 lays, so t h a t the ra te of faeces _ r e a c t i o n 

a t h l a - aa.'.„ • • .3 about 2 .2 times tha t wi th Shir ' 

The rneari time taken t o c lear the gat completely, a f t e r c o l l e c t i o n 

by the small la rvae taken on 8/2/66, a t 15°C, was 10.27 + 2.25 hours 

(n = 49). This f i g u r e la; be i n t e r p r e t e d i n a number of ..ays. I t 

was u n r e a l i s t i c to assume t h a t a l l the la rvae had j u s t f e d before 

capture so t h e mean f i g u r e was not the t o t a l gu t clearance t ime as i n 

the labora tory experiments. Observation s a b o r t e d the more l i k e l y 

i n t e r p r e t a t i o n t h a t l a rvae on capture v/ere i n a l l stages of gut 

clearance, f rom i n d i v i d u a l s j u s t about t o •roa'uee a p e l l e t and c lear 
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the gut completely (so t l i a t t o t a l clearance time i n the labor tor} 
was ze ro ) , t o l a rvae w i t h f u l l guts f r o . : which maximum gut cleara] ce 
times would be obtained, The mean f i g u r e represented a p o i n t h a l f 
way between these two extremes and was, t h e r e f o r e , l i a l f the t o t a l 
clearance time f o r theee August l a r v a e : the t o t a l gut clearance time 

as t he re fo re 20.54 hours. The ca lcu la ted gut clearance time w i t h 

Da.-hnia f o r la rvae of t h i s s i^e (mean head wid th 2 .4 : t) : ,s 10.48 hours, 

so tha t i f t h e above i n t e r p r e t a t i o n i s co r r ec t , f i . l d gut clearance 

times were 1.96 longer than those est imated w i t h Da/'hnia i n the 

l a b o r a t o r y . Since Chironomids formed a t l e a s t 75 percent b„ i r y 

weight o f t h e foe • \ .ten b~ Jyrrhosoma i n the f i e l d (see chapter 8 ) , 

t h i s r e s u l t f o r f i e l d gut clearance times ..'as cons is tent ..1th the 

labor?.tory measurements us ing Chironomids as prey, i n which gut 

clearance t imes were also approximately twice as long as were found 

w i t h Da.-hni.. is . re^ . 

I n c a l c u l a t i n g f i e l d gut clearance times f o r la rvae of - ' a f fe rent 

sizes a t d i f f e r e n t temperature, clearance t ines . - i t h Daphnia ./ere 

f i r s t obtained and then doubled, since t h i s appeared t o be the p ro ­

cedure most cons is tent .-.1th the data obtained. 

No attempt 'was made t o analyse i n d e t a i l a number of other 

va r iab les t h a t might have i n f l uenced gut clearance t imes , though i t 

was shown t h a t s t a r v a t i o n had an e f f e c t (see f i g 30 ; . ..ere the mean 

regression -with 95 percent confidence l i m i t s f o r the l a ta pre ented 

i n f i g 29a was redrawn f o r comparison w i t h i n d i v i d u a l measurements o f 

gut cleara-.ee t ime i n 13 l a rvae starved f o r a week at 15 C, r a the r 

http://cleara-.ee
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than the usual t ime of up t o 48 hours. I t i s obvious t h a t gut 

clearance times i n the group ta rved f o r one week were longer t l ar 

i n the la rvae s tarved f o r u j t o 48 hours. I t was assumed, however, 

t h a t la rvae i n the f i e l d only r a r e l y ha^ 'o w o . . ' thout rood f o r 

more than 24 - 48 hours and the e f f e c t s of longer i t a r v a t i p n .-ere 

discounted. 

1 -. Z 1 The j - •: l t . \ of Hat r i 1 3 the Gi**--

I n order to av.ad L o l l i n g the l a rvae , t h i s was estimated i n d i r e c t l y 

Larvae were brought back t o the laboratory i n i n d i v i d u a l tabes wi thou t 

food and al lowed t o c l ea r t h e i r gut contents completely. ,PL1 faeces 

aere co l l ec t ed as soon as po.asi'ale a f t e r product ion, placed on pre-

weighed f o i l t raps and 'Tried i n a vacuuri: oven a t 60 0. I n t h i s way 

the t o t a l i r y weight o f gut contents per l a r v a , a f t e r complete 

a s s i m i l a t i o n had taken places as obtained. From the c a l o r i f i c Value 

of f i e l d faeces (chapter 3, t ab le 5, sample 30 , t h i s was converted 

to the t o t a l c a lo r i e s i n the gut a f t e r complete assim' i a t i o n and, 

f rom the percentage a s s i m i l a t i o n data f o r la rvae o f t h i s s i ze , the 

t o t a l ca lo r i e s i n each gut before a s s i m i l a t i o n could be found. 

The t o t a l ca lo r i e s i n each gut before a s s i m i l a t i o n , m u l t i p l i e d 

by the nuaber of times i n a lay t h i s was replaced, gave the f i e l d 

feeding ra t e i n ca lo r i e s per l a r v a p ; r Lay . heights o f ga :: con­

tents were obtained i n ponds 3 and F i n eleven months^ June I967 -

A p r i l I968 i n c l u s i v e , f o r sen io r age class l a i v a e on ly , since i t 

was impossible to c o l l e c t the faeces of the j u n i o r age class s u f f i c i ­

ently accura te ly . ;!o e s t i o te was made i n ..ay f o r the senior a £ 



class so as not t o disrupt, e. ergence. I t was found necessary to group 

faeces from several o f the smal ler larvae together t o obtain s a t i s ­

f a c t o r y . /eights, even . . i t h the 3ahn l i l ec t roba lance , so t h a t mean 

•/eights _er l a r v a were ca lcu la ted w i thou t s ta dard e r r o r s . 

Larvae taken i n the monthly populat ion samples i n ^ and F ./ere 

used t o ob t a in the necese.r, la ta , t oge the r w i t h any ex t ra la rvae 

taken f o r ^ rowth ra te est imates. Head widths , f rom which g u t 

clearance times ..ere ca l cu la t ed , ere meas red, as were t o t a l l eng ths . 

1 number o f la rvae ..'ere al..av s taken t h a t had no food i n the gu t : 

e i t h e r they had j u s t ' e faeca te l p r i o r to capture or had not f e d f o r 

some hours th rough moul t ing or food shortage. Jalc t l a t i o n of the 

mean c a l o r i c content o f e:.ch Larva l gut n a t u r a l l y inc luded theae zero 

saci_ l e s . 

The r e s u l t s obtained are presented i n tab le 54* 

.2^3 eul .. . .1' : : L 1 • 1 -. -

Data presented i n 12*3s sad 12,3b were combined and f i e l d feed ing 

rates ca lcu la ted f o r the 196£ year class i n ponds ^ and ? between 

June 1967 and A p r i l 1968. F i e l d feed ing ra tes a 3 ca lor ies ingested 

per l a rva per day were given by the equat ion: 

I . : . l . ' • I j r • ] _̂  „, ,Qp 

(ICO - % A s s i m i l a t i o n i n ) x (Gut clearance t ime) 
terras of c a lo r i e s i n h . 

Fond temperatures ./ere taken f rom the temperat re curves shown 

i*1 fic 7 (chapter 2) a t the time of c o l l e c t i o n . L a r v a l lengths ; f o r 



percentage a s s i m i l a t i o n ) and head widths ( f o r c a l c u l a t i o n of clearance 

t ime) were taken from t a b l e 54? 

Hesults are presented i n table 55, which shows the calc l a t e d 

consumption ra tes ( c a l o r i e s per l a rva per day) on s p e c i f i e d dates. 

These . ere p l o t t e d on ram graph aper and from the areas under the 

curves, t o t a l consumption i n the bwo ponds from June 196? to A p r i l 

1968 ..as found. 

POND 3. rCTAL jai:.>UIPTICI! 31 iSNIQE AGS3 CLA, 

JUNE 1957 - AFEI1 1968 2 = 

1 3 ? . 3 •:• "'- vnisr, •:' ' -~ .. 

POKDF, rClAL X t e l C l TIOI- (MSB I Xffitib = 

154.3 c a l o r i s oer l a r v a . 

I t 5 s cle< r t h a t the r e s u l t s from the two ponds sho md close 

: pre eaeat. 

12.4 F I iLD HSEDIRG lUTaS •. T ) 17 :0 FRJ*I G£C TB .P ; >, J . A ' I I ^ ' .P,D F\CG3S 

Larva l consumption c a u l ' also be estimated by summing the ca lor ies 

incorporated i n t o w r0 t h (and exuvia) plus the r e t i r e d ca lo r i e s and 

the unassimilated ca lo r i e s (faeces) i . e . 1 + + *v + 7. 

Agreement bet we en estimates made i n t h i s -ay a 1 the independent 

estimates based on pat c lc a.ae: ti ies . a vided a check on the accuracy 

of a l l t l i e measurements and assumptions ude dur ing the ••• 5y« 

A l l estimates ©re made or a montiily basis or f o r shor ter t ime 

i n t e r v a l s at the hatch and dur ing metamorphosis, as as us .1 "or 
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Sample 
late 

Fond 
Lean 

temperature 
t t ime of 

co] ] e c t i o n ( Z ) 

Estimated gut 
clearance time 

i n f i e l d 
(hours) 

Consumption 
culs fcor 
l a rva j c r 

day 

12/ 6/67 
13/ 6/67 

3 
? 

13.4 
12.8 

17.6 
18.6 

0.195 
0.243 

1 0 / 7/67 
10 / 7/67 

3 
F 

15.3 
13.9 

17.9 
20.8 

0.400 
C. 301 

1/ 8/67 
2/ 8/67 

3 
F 

15.4 
14.7 

2C.6 
23.9 

0.379 
0.603 

4/9/ 67 
5/ 9/67 

3 
F 

13.0 
12,0 

29.0 
3:.8 

0.616 
0.677 

2A0/67 
3AO/67 

3 
F 

10.8 
9.9 

U . 9 
44.9 

0.492 
0.403 

25AO/67 F 6.5 57.3 0.652 

13/U./67 
l lA l /67 

5.0 
4-5 

62.4 
63.9 

0.322 
0.615 

12/12/67 
13/L2/67 

3 
p 

2.9 
2.6 

68.7 
70.7 

0.255 
0.322 

15/ 1/68 
16 / 1/68 

3 
F 

2.8 
3.C 

69.5 
68.9 

0.247 
0.161 

19/ 2/68 
18/ 2/68 

3 3 .1 
2.7 

68.7 
69.9 

0.363 
0.307 

25/ 3/68 
26/ 3/68 

3 
F 

6.5 
5.3 

57.7 
61.6 

0.650 
0.663 

24/ 4/68 
24/ 4/68 

3 
F 

7.3 
5.8 

55.0 
59.& 

0.624 
0.764 

Table 55 Calculated consumption (cal ihries _'~r l a rva per day) 
on s p e c i f i e d dates between Juno 1967 rrl r i l 1968 
i n ponds 3 and F. 
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ca l cu l a t i ons dur ing these periods: month has again been u t i l i s e d 

f o r convenience t o i d e n t i f y these shor te r t ime i n t e r v I s . Growth 

was taken f r o m tab les 20 - 23 (chapter 7), r e s L i r t i o n from tables 

43 - 46 (chapter 10) and exuvium product ion f rom t a b l e 47 (chapter 

11), a l l as c a lo r i e s per l a rva per month. The t o t a l o f the 3 com­

ponents give c a lo r i e s ass imi la ted per l a rva per month. From the 

l a r v a l lengths on the f i r s t of the month ( tab les 20 - r-3 chapter 7) 

percentage a s s i m i l a t i o n could be estimated ( f i g 19a, chapter 9) and 

hence the mean percentage a s s i m i l a t i o n d u r i n r the month f rom: 

(,_' as s i m i l ; t i o n on 1st o f month) + 

(,"! a s s i m i l a t i o n on 1st o f next month) 

2 

Therefore t o t a l c a lo r i e s consumed per month could be found. 

The r e s u l t s are presented i n tables 56 - 59. The d-.t-> 

f o r the I966 year class i n ponds 3 and F between June 1967 and A p r i l 

I968 ( +?.bles 57 and 60) maj be compared w i t h the estimates o f consump­

t i o n , u s i n £ gut clea -nee t ime , over the same per iod v i z : -

TOTAL CONSUMPTION PSu LA.IVA, JUNE 1967 - APRIL 1968. 
I . . g r .D - + i + Sv h ? 

PC;d B 137.3 cals 151.2 cals 

; u : D F 154.3 cals 147.7 e l s 

The est imate f rom (P + ^ + iv + ?) ,/as 10.1 percent h igher 

than the estimate based on £u t clearance time i n pond 3 and 4.3 

percent lower i n pond F» The agreement between the two v i r t u a l l y 

independent est imates i s probably as £Ood as can be expected i n any 



study of t l i i s ti ;>e. I t i s c lear , i n f a c t , t h a t the two thods ..ere 

not completely independent since both u t i l i s e d the percentage ass i ra i la -

t i o n data, ^ut since they /ere otherwise t o t a l l y d i f f e r e n t i n . roach, 

t h i s does not p;re-'tly de t r ac t *>'».:, the value o f the observed agreements. 

A l l subsequent c a l c u l a t i o n o f i n d i v i d u a l consumption ere based 

on the sun o f growth, r e s p i r a t i o n e t c . , since t h i s appeared t o be a 

r e l i a b l e e s t imate and provided data on very- small Larvae which could 

not be obtained i n any other way* 

The pa t te rn o f i n d i v i d u a l consurn t i o n i n the d i f f e r : .ear classes 

and i n the two ponds . ere ver; s i m i l a r . Consumption 30r 1. rva i n the 

second year (p.s the senior age class] (as obviously much higher than i n 

the f i r s t ye r (as the j u n i o r 133 class) but both shvwed mari.-.a i n 

Septe bcr, two months a f t e r maximum pond temper- tares /ere re .ched. The 

absolute maximum monthly i nges t i on rates _er l a rva occurred i n . ' . _ r i l 

and Kay ./hen metabolic r a t e i n ere sed markedly w i th metamorphosis. 

From the data, i t appears that -. consumption of approxin : t e l y 

185 - 1?C ca lo r i e s i s requi red to "produce" one imago from a newly 

hatched l a r v a i n the f i e l d . 

12.5 THE D I F F E R E N C E EOTliSH KAXMJM F E E D I N G R A T B j AND 7L2LD F E E D I N G RAT 

Comparison was made between the ac tua l monthly c a l o r i c consumption 

per l a rva described i n the preceding sec t ion md the p o t e n t i a l maximum 

feedina ra tes i n l.--.rvae o f t h i s s ize ca lcu la ted f r o - , the i a t ; presented 

i n sec t ion 12 .2 . Maximum feeding rates sre est imated i n i t i a l l y 

dry weights consumed per l a r v a per la; . As an i n d i c a t i o n o* t he 



Month 
T o t a l a s s imi la ted 

energy (P+R+Ev} 
c 1 I s / ] '.rva/month 

I'jQan 
assxn i l t i o r 

' T o t a l 
consumption 

c .Is/ larva/month 

Ju ly 1966 0.183 94.70 0.194 
Aug 0.444 94*25 0J 
Sept 0.693 93.80 
Oct 0.457 93.50 
Tov 93.40 .231 
Dec 0.175 93.40 c.188 

Jan 1967 0.164 90.4C 0.176 
Feb 0.174 03.40 0.187 
MftT 0.275 93.40 0. 
A p r i l ' .80.6 73.20 0.883 
Hay 1.461 92.80 1.573-
June 3.842 9 '.15 ' . ' 
Ju ly 8.762 91.05 9.620 
;.u~ 14.601 89.75 16.268 
. r t 19.309 88.45 21.854 
Oct 15.889 87-50 18.158 
Nov 7.492 87.15 8.5^8 ' t : 
Dec 5.404 87.05 6.207 I5I.I89 cals 

Jan 1968 6.190 87.00- 7.115 
Feb 7.',37 86.95 
Hair 18.028 86.70 or n . i i 
A p r i l •5.849 86.60 
Kay l s t -22nd 28.178 86.60 ry~ c on f 
] ay 23rd-30th 0.0)00 0.00 .000 

T 56 T o t a l consum'tion ( c - l o r i o s per l ^ r v - ; e r 
ironth) i n pond 3; 196 6 year cl^.rs 
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Month 
7'ot 1 assimilated 

3nergj (P+R+ *,v) 
rv (1 ton t h 

I 'e-n / 
r . s s l v l l t i o n 

] 
ccnsui.tption 

- ; / A • va, • bl. 

July 1 9 " 

Ze it 
Let 
Nov 
Dec 

14.330 
16.094 
15.012 

9.77T 
C.7C6 

91.20 
89.80 
88.5C 
87.65 
87.30 
87.1C 

". 
15.958 
18.185 
17.129 
11.145 

9.994 

Jar 1967 
Feb 
l iar 
... r i l 
I4ay l s t - 2 t t h 
Kay 25th-31st 

r ',507 
13.565 
12.823 
25.243 
on i 0/ 
0.000 

86.95 
86.70 
86.45 
86.40 
86.40 

0.00 

9.784 
15.645 
*i i rtoo 
— ; • - ^ J 
29.016 
31-395 

: . c 

l .~ ; ; T o t : . l consumption ( ca lo r i e s j a r l ^ r v 
i n pond 3; 1965 : ear class 

a per month) 

Ilcr.tr. 
T o t a l assi. d l . ted 

ei e r g j (F+.i+Jv) 
cals /Larva/month 

"lean 
ass i r d l a t i o n 

T o t a l 
consu p t i o r . 

e l s a rva h 10 t h 

July 1967 

Se t 
Cct 
Nov 
Dec 

C.116 
0.451 
O.724 
0.443 
0.187 
0.166 

94.75 
9'...35 
93.8O 
93.5( 
93.40 
93.40 

0.122 
C479 
0.771 
0.473 
0.201 
0.178 

Jan 1968 
Feb 
Kar 
A g r i l 

-
June 

0.166 
0.159 
0.274 
0.628 
I.698 
A A T ; 
O . -•-LJ 

93.4C 

93.4C 
93.25 
90.85 
91.85 

0.177 
0.170 
0.294 
0.673 
1.028 
7. X I 

- 7 - / Tcta _ consul \ t i o n ( ca lo r i e s per l a r v a p : i 
i n ^ond 3; 1967 year c lass . 
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Month 
T o t a l a ss imi la ted 

energy (P+R+Ev) 
cals/Larva/mcnth a s s i m i l a t i o n 

T o t a l 
consnm^tion 

•/Laanra/ r 1 r /1 aRva /montfc 

Ju ly 196? 

Sept 
~ct 
Nov 
Dec 

Jan 1968 
Feb 
l_ar 

c m 
c.411 
0.563 
0.519 
-.171 
0.159 

0.162 
0.150 

o/. 75 
94.35 
93,90 
93.55 
93.40 
93. '.0 

S3.40 
93.40 
93.40 

0.118 
0.436 
O.605 
0.555 
0.183 
0.170 

0.174 
0.161 
0.195 

(1966 and 1967 year classes j o i n e d at t h i s p o i n t ; 

A p r i l 1967 
May 
June 
Ju ly 

_ 
Sept 
Oct 
1'cv 
Dec 

Jan I968 
Feb 
Mar 

rr. 
Kay lst-24th 
Ea3 25 th -p l s t 

0.484 
1.138 
5.0;: 

13.055 
14.254 
18.602 
12.901 
10.442 

7.H7 

;.4;<: 
5.857 

U..246 

25.7-

0.000 

o .35 
93.10 
92.20 
9C55 
89.10 
88.15 
87.45 
87.10 
86.90 

86.80 
86.75 
86.65 
86.40 
86.40 

0.00 

14. 

21 , 
14. 
11 

418 
998 
102 
753 

8.189 

r-6 6 . ^ 
6.752 

12.978 
-;. 1 
33.392 
0.000 

T o t a l 
147.666 cals 

Table 59 T o t a l consumption ( c a l o r i e s p r l a rva per month] 
i n pond F: com; o s i t e l i f e cj c l e f rom 1966 and 
1967 year classes. 



l i k e l y maximum ca lor ic consumption, a c a l o r i f i c value of 5j0G0cal per 

dry weight vns assumed for typ ica l pre^ . 

The f o tent ia l maximum ca lor ic ingestion per larva per month was 

calculated for the time intervals shown in be'.-las 56-59. Tne c a l c u l a ­

tion uas carried out using mean l a r v a l lengths during each month (from 

tables £0-23; chapter 7> and the regression equation Tor maximum feed­

ing rr.te versus l a r v a l length at 15°J (section 12.2c y corr cted f - r 

the son monthly temperature prevai l ing in the pond. rhe l a t t e r pro­

cedure made use of the percentage change i n maxirr u feeding rate with 

temperature (section 12.2d). The actual calories consxtied per larva 

per month shovjn in table 56-59 were calculated as percentages of the 

estimated maximum potential rates . The results are given in f i g 3- , 

where a l l 3 :ar classes in the two ponds are plotted together from the 

hatch i n July to .larch prior to entering metamorphosis. The data show 

some scatterj hut the overal l patterns are ver„ s imi lar . 

Actual feeding rates -.:ere always much l e s s than the potential 

maximum feeding r_tes and, at the verp most, i.-ere never aore than 70 

percent of the l a t t e r said were usually l e s s thai. 50 percent. Actual 

feeding r a t e s .;ere closer to the potential maximum in summer (both 

af ter the hatch and i n the second summer) than in the two winters. 

Larvae in t h e i r f i r s t winter shaded the lowest values of a l l , with 

actual r_tes only 20 percent of the maximum rates . 

12.6 DISC'JioIGi: 

Gut contents have been used by many workers to sstimate f i e l d 

feeding rates . However, onl^ the present work and txiat cf . h i 111.-son 
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(1960b) a pear to have estimated the amount o f m a t e r i a l i n the got 

before d iges t ion f rom faeces product ion and percentage a s s i m i l a t i o n 

data . i h i l l i p s o n d i d nob incorpora te uieasarcrrionts o f gut clearance 

time however i n h i s t \ of . . i t opus r . o r io .bu t assumed t h a t the 

faeces produced i n the 24 hours a f t e r sampling could be used to c a l ­

culate food in t ake per 14 hours . i'l ..s ...s on l ; j 9 i j 9 f t o t a l 

gut clearance times //ere longer than 24 hours and, since thep .:ere 

^robahly s h o r t e r than t h i s (19 hours i n raales, 15 hours i n females 

. Qj -960 a^, f i e l d f e e d i r ^ ra1 i ive been ... ere t i lated. 

Tli is a xpe:.rs t o be an a d d i t i o n a l reason why i n many cases food in t ake 

o s t i t e s o f energy expenditure ./ere less than resp i ra tory . ^ t i ^a t e s 

i . ' . r i H i . - I96C , table 9/. Lo-.r--.ver, p rov j l i g bhe e s t i 

. : e i j h t o r c a l o r i f i c value of gut contor ts i s carbined w i t h j u t c l ea r ­

ance time l a t a , as f c r I-prrho .:>oma, the )d appears to pp.ve very 

sa t i s fac to ry r e s u l t s . 

I l o l l i n (I966) discussed e r ro r s i n e s t ima t ing f i e l d feed ing ra tes 

from the weigh t o f gut contents and gut clearance t imes. The method 

j i v e s the most r e l i a b l e r e s u l t s when the capture of a s ing le prey 

i tem does not account f o r most o f the m a t e r i a l i n the j u t , vjhen there 

i s no p e r i o d i c ! t j i n f eed ing and ..lien j a t clearance t imes are r e l a ­

t i v e l y l o n g , . a l l these condi t ions appear to be met by Fyrrhosoma. 

Hethoda o f measuring gut clearance times have received a t t e n t i o n from 

f i s h e r i e s b i o l o g i s t s . E r ro r s lue to va r i ab le rates o f passage wi th 

d i f f e r e n t pray types ( e . j . Less and .ater 1939, uerici.,,, 1962) 

appear t o have been s a t i s f a c t o r i l y dea l t w i t h i n the present study 

http://Lo-.r--.ver


(see chapter 8 ; . I t also appear: that man} of the other £ o s ible 

sources of e r r o r known to be operatj g in f i s h (see J a r r i . t o n 1957, 

1 ctor 1962-3, . ' - , ' , J ' _ 

1956 e t c . y , were not present i n - ̂ rrhoioma. 

F i e l d consur.ipti->n estimates, bj combining growth, respiration 

and faeces production, have been use'' 03 several workers e.g. Jolley 

andGg :.r.. ," . I.), ^n_^_ v l . ' 3., ( . 6]). __' srg ( 956] 

argues that th i s i s probably the best method avai lable for estimating 

f i e l d feedin w rates in f i s h . I n the present study, t h i s was probably 

also true, part i c • •J.arlt>; for small larvae ..'here i t i s d i f f i c u l t to see 

how f i e l d feedin_ rates could h: ve been estimated i n any other way. 

However, the method should obviously be checked wherever [possible by 

an alternative procedure, as was lene "or larger I-yrrhoso.:n: larvae 

using the gut clearance time approach. 

The dependence of feeding rate on prey lensity has bee" demonstrated 

for -anv species of invertebrate and vertebrate carnivores by ..cl"1 1 g 

(1965, 1966) and also , using a completely Jifferent approach, by 

Brockgeii e t : . l . (1968). fhe exact form of the functional response 

in ryrrhosoma, ho ever, . is at„ p i c a l of most invertebrates i r wl 

feeding rate i s usually a curv i l inear response to increasing prey 

density, i . e . feeding rate increases t a . .o ressive]. u lecreasing rate 

t o a sustained maximum, h o l l i n ; (1959 b, 1961, I966) has termed this 

a type 2 response and suggests that i t i s due to increased prey hand-

Hug time as more are captured. Ihe l i n e a r response showr y I^yrrho-

soma (hol^in ; type 1] * 1 uch less frequently observed, I t ay 1 
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been r\ae t o t h e very short t ime required to capture and consume 
D hnig o t h t handl ing time was rover l i m i t i n g , A l t e r n a t i v e l y j 
i t could hove been due t o the f a c t t h t hunger d id not a f f e c t the 

reac t ion d i s tance o f + r r h o s • : . be . rep ('VT. i u ' gc P_ _ >d 

1?68). f a r t h e r ,/ork i s reauired on bhe f u n c t i o n a l res arse o f 

Cdonats li r v : e . 

The methods employed t o measure f i e l d feed ing ra tes /era s i m p l i ­

f i e d because Ip rrhos r)~a. . red t o show no p e r i o d i c i t y i n fc i i n t ke 

or faeces p roduc t ion . D i u r n a l . a r i o *: c.i.tp i n ..cshraa L rvae has 

been d t r ted ; a L 3 C ; £ 9 4 4 ] - locociotory a c t i ­

v i t y ; by oerezina (1959) f o r r e s p i r a t i o n i nd f l i r ^ ' „ 

(1964) * or faeces p roduc t ion . Forth r ork i s required before i t 

- possible tc ~ ̂  rther F^ rrhosoma ' -a - • s i m i l a r to other ilygoptera 

i n the l ack o f any obvious c i rcadian rhythms. 11 . r l y i t ..as very 

A f f e r e n t t o Aeshna (Ani o^tera] i t h i s respect. 

The e f f e c t s o f metamorphosis on f eed ing i n "dor t . larvae have 

been examined bj several orkers . "or.\onjy (1959) found t h a t feeding 

stopped f c r a p c . laj 3 t o 3e before srgence i i .': ?-.r..porearl a r d 

Corbet 0-962] gives the r 11 examp] . j rrhc son . bypic .1 

i n tha t f e e d i n g stopped d t h h i s t o l y s i s o f the l a b i a l lUscles on 

enter ing s tage 3 metai rphos i s . However, no previous q u a n t i t a t i v e 

measurements appear t o have been made showing a tear£ decl ine i n 

"ia:djnurri f eedirig r a t e s i m i l a r t o t h a t noted dur i i g bage metamorphosis 

£ j - . 
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The slopes o f the repression l i n e s (b) f o r maxi ura feeding ra te 

versus l a r v a l wet weight and r e s p i r a t i o n ra te versus l a r v a l wet e ' h t 

./ere no t s i g n i f i c a n t l y d i f f e r e n t . There do not appear t o be a any 

studies where these two components have bjen compared i n t h i s way 

w i t h i n a s i ng l e species (..arren and Davie ; i n Gerl"in,-{ 1967,. 

The e f f e c t o f temperature on maximum feeding r a t e 'was more com­

p lex . 3elow 10°C, maximum feeding r a t e was depressed more than 

t o t a l metabolic r a t e , or than was . recti etc a from the e f f e c t s o f tem-

pcratare or. p u t clearance t i m e . The l a t t e r suggests t h a t maidmum 

feeding r a t e s were no t simply a f u n c t i o n of gut clearance time at Jjr*5Cj 

but rere less than gut clearance t imes would have permi t t ed . The 

larvae o f ,'pmiu requi red more intense i L l u ^ i n a t i o n at lower tem­

peratures before they could perceive moving prey ( J r o z i e r e t a l . i n 

j c r e s t 1962,. 1 t h J \ Pyrrfc _____ . user", the an: .e f o r pre? 1 t c t i o n , 

a s i m i l a r response r e t i r i n g _re:.ter s t imulus f o r ^re^ ' e t ec t i on and 

capture a t low temperatares may have been present, as has been shown 

i n A. .par,ius. Jecause prey capture requ i red grea ter st imulus a t low 

temperatures, feeding rates were depressed more than was pred ic ted 

from gut clearance t imes alone. A s i m i l a r Phenomenon may be present 

i n a more extreme form i n l a rv ; a ? . -.1 throma n jaj> (Hans] :. ) J cm a a gr ion 

ast .' r t . : ( " i . -j) < i c h ' opped feedd lg com Let Lj at <';

r. [?:> .e' er 1965)-

•ytis cu3 marg ina l i s la rvae appeared t o starve to death dur ing win te r 

because r e s p i r a t i o n ra te dec l ined less than feed ing ra te a t low temper­

atures C-]i .c'- 192'..). Laboratory observations showed t h a t f eed ing i n 

^rrhosoma continued even at 2 - 3 ° 0 ; t h i s , and the presence o f food i n 



the gut i n .larvae taken throughout the winter (see t a b l e 53) suggests 

t i n t IV rrhoscina never experienced tea en I res low enough t o stop 

feed ing dur ing the present study. 

A number o f workers have s tud ied maximum feeding rates i n Odonata 

larvae e . g . Fischer (1964), j tc • j (1943), Berezina (1946), Bin an 

(1934), a/ev..' ., (1959). 1 sua l ly t h i s has been c ' * out t o 

obta in some idea o f the feed ing r a t e s i n the f i e l d and s <ch i n f o r m a t i o n 

has been used t o demonstrate the predation pressure t h a t Cdonata are 

l i k e l y t o exce r t on prey species. ... - ' pa (1961, c::_-resso J sur­

pr ise a t the h igh maximum l e v e l s o f consumption, g r e a t l y i n excess o f 

• • in ta ina] ce req irements, found i n L i ^ l l u l : - J 1 o ther Odonata, i t 

i s c lear f rom the present s t ud j tha t these maximum p o t e n t i a l feed ing 

rates -re of l i t t l e use i n p rov id ing i n f o r m a t i o n on ac tua l f i e l d f e e d ­

ing ra tes . I f . „ r r . . i s typ i ; 1 of other species, arguments on 

Liie ^ reda t ion pressure excerted by Cdonata la rvae i n aquatic ecosys— 

te - (e .g . Kd " rezj a ] ' r a j e y s a oa 1961) t at re 

based on maxir.ua, labora tory feed ing rates are l i k e l y to be erroneous. 

?" rrhosoma a a ears t o be the f i r s t i nve r t eb ra t e carnivore i n 

•./hick act ..1 food in take i n the f i e l d has beer compared w i t h the max­

imum p o t e n t i a l energy in t ake f o r the same s i se of la rvae at the same 

temperature. Less d e t a i l e d studies on s i m i l a r l i n e s were male f o r 

non-carnivore inve r t eb ra t e s by Jcrner (1962) on the oopepod Temora 

and Burns 0-966) (P.H. l i p l e r pers. com;. 1967) f o r Da.hnia. . res 

concluded t h a t Daohnia were feed ing a t o r near to t h e i r maximum rates 

i n the f i e l d : a s i m i l a r s i t u a t i o n probably exis ted i n lea.ora so t h a t 

http://maxir.ua
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Fa, rrhosoma f eeding w e l l below i t s maximum feeds ra t e s cle r l y 

cu i t e . l i f f c r e n t i n t . i n res -ec t . 

1.' Pyrrhosom, , feeding ra te was a f u n c t i o n o f £ re; density -and 

i t i s „ r o b a b l e t h a t the changes t h a t occurred i n the ac tua l f i e l d 

feeding r a t e s as percent .ges of the maximum feeding ra tes were due 

to n a t u r a l changes i n the density of ava i l ab le prey. ..here f i e l d 

feeding rates mere a smal l percentage of the p o t e n t i a l maximum ra tes , 

as i n the w i n t e r , prey dens i t i e s .ere l c r ind v i ce -ve r sa . This 

d i f f e r ence between maximum p o t e n t i a l feeding r a t e and ac tua l feeding 

ra te ra ises a nunber o f i n t e r s t i n g po in ts r l evan t t c cur rent con­

t roversy or t h e balance between animal populat ions and t h e i r food 

supply ( e . g . -" no- A v Is 1962, . ..a" 1954). As - d i st 1 (1962) 

; x) in ted ou t "one of the reasons why t h i s question i s o f t e n debated 

but seldom answered i s t h a t whi le a great e f f o r t i s o f t e n made t o 

study populat ion dynamics, l i t t l e e f f o r t lias beer, expended on measur­

i n g the a c t u a l amount of food needed b} a popula t ion i n terms of what 

i s a c t u a l l y a v a i l a b l e i n na ture" . . I t h ' . ugh the ' resent study l i d 

not attempt t o e luc ida te the problem of _ ov u l a t i o n regu la t ion and 

food supply i n : y r rhosoma, i t confirms t h a t eco log ica l energetics may 

.>rovide a va luab le new approach t o these problems. For example, 

-were the populat ions of ryrrhosoma larvae i n ponds nd ? "shor t o f 

food"*: Since development timas ./ere normal i . e . took two years , i t 

i s possible t h a t they '/ere no t , i n one sense, "short o f food 1 1 . Ln 

the other hand, an average i n d i v i d u a l i n these populations r a r e l y f ed 

at more t h a n 40-50 percent of i t s maximum r a t e . I t i s c l n r t h t 
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the Pyrrhosoma la rvae w i t h an a t y p i c a l three ye r i eve lo ment cycle 

s t u l i e d by Macan (1964) must have had ac tua l feed ing rates t h a t were 

an even smaller percentage o f the maximum feed ing ra te - ere sably 

lees than 1C percent . Food shortage i s t he r e fo r e • continuum, 

vary ing be twee: j u s t below the maximum feed ing rs be to complete s t a r ­

v a t i o n , A t var ious l e v e l s o f food shortage, thresholds i re crossed 

and the behaviour and development of i n d i v i d u a l s , and of the popula­

t i o n , may be expected t o change i n a char c t e r i e t i c manner< I t i s 

suggested t h t a more rec iae d e f i n i t i o n of the -mount o f food shor t ­

age and c a r e f u l e l u c i d a t i o n of energy u t i l i s a t i o n a t c r i t i c a l " threshold" 

l eve l s o f feeding w i l l provide valuable i n s i g h t i n t o the roblems o f 

popula t ion r e g u l a t i o n and food supply, 

?.;o independent estimates of f i e l d feeding rates were made i n the 

present s tudy , one fc sod on summing growth, r e s p i r a t i o n nd faeces, and 

the other f rem r u t c in tents - nd the ra te of gut clearance* These t 10 

estimates of f i e l d feeding- r t e .greed i t h i n 1C.1 percent i n one pond 

and 4*3 percent i n the other . The er rors a/ere t h e r e f o r e s i m i l a r t o 

those repor ted by Pigelrnann (1961) ..ho four:d 0 discre^ Jicy o f 5 per­

cent i n independent estimates of the components of the energy budget 

of o r i b a t i d mi tes . Greater p rec i s ion than t h i s i s probably impossible 

at the present t i m e . I t i s unfor tuna te t h at many ./orkers have been 

content t o balance energy budget "by d i f f e r e n c e ' 1 3,g, . a i t o (19c5, 

1967), . i ep .e r t (1965), I-̂ ann (1965). Agreement o f the type observed 

i n the ^resent study provided a valuable check on the methods and 

assumptions made f o r a l l the energy budget measure 1 a i ts . 



F i g . 26. The e f fect of prey density (Daphnia) on the 

feeding rate of f i n a l i n s t a r Pyrrhosonia larvae 

at 15 C . -arvae had been starved for 4Sh 

prior to feeding. The fi_.ure shows the mean 

number of Daphnia consumed i n one hour (_+ 2 

standard errors; plotted against the i n i t i a l 

prey density. Regression drawn by eye. 



f t 

I D 
CO 

LU 

i 

LO 
CM r_ 

L U 
DO 

I I CN 

\ LO Q \ I 

\ 
\ LO 

\ 

I 1 I I 
LO LO 

CN 

M E A N NUMBER E A T E N / H O U R 



Fig. 27a. Typical experiments on maximum feeding rate i n 
-.. x-r'iosor.r.. showing the mean number of D i 
consumed per larva per day over H days, (Final 
ins ta r larvae at 15°C). Data from two d i f f ­
erent groups of larvae ( s o l i d and dotted l ines) 
are shov/n. 

Fig, 27b. The experiments shown i n 27a (above), but with 
consumption expressed as mean dry weight eaten 
per larva per day. I t i s clear that the dry 

. weight of prey consumed ma constai t , despite 
f luc tuat ions i n the number of grey consumed. 
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Fig. 2Sa. The effect of temperature on mxi u feeding rate 
_ u arvae, i ' prey. 

Feeding rates expressed "as percentages of the 
estimated rates at 15 C. Regression drawn cry 

o 
eye. Rote how temperatures belov/ 10 Z depressed 
maximum feidin.j rate more than ./as predicted 
from the change in gut clearance time. 

Fig. 1:8b. The effect of larval sise on maximum feeding 
-1 _ rj 33 .' L5°G, dt] D , • •' pr „. 

The calculated regression i s presented in section 
12.2c. 
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Fig. 29a. The e f f e c t of l a r v a l size on gut clearance time 
i n :-:;rrhQ3oma. with Dap hnia as prey at 1$°C. 
The calculated regression i s presented i n 
section 12.3a. 

Fig. 29b. The e f f e c t of temperature on gut clearance time in 

S - - » with as prey. Clearance t j 
expressed as perce tages of the estimated times 
at, l p ^. . o j r e j s i o n dram by eye. 
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The e f f e c t of s tarvation on the gut clearan 
ime 3f Pyrrhosoma, See text fo r :letails 

section l_ .3a . 
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Larval head width (mm.). 
Effect of starvation on gut clearance time in Pyrrhosoma, Individual results 
for larvae starved for one week at 15*C, compared with the mean for 
larvae deprived of food for 48hours. 



Actual f i e l d feeding rate, (calculated from 
S P| R, 3v. and perce bage i s i i l a t i o n ) 
as a percentage of the maximum feeding rate 
f o r that size of larva at tha t temperature. 
Percentages calculated monthly throughout 
development f o r an ind iv idua l l a rva . 
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13.1 INTRODUCTION 

:crb;t (1956, 1957b, 1962) co 3 red Pyrrhosoma typical 

spring emergence dragonfly j and as such i t fr ight be expected to possess 

a liapause i n the f i n a l in3 ta r . 

I n t l ie "classical" spring : erger ;e • les u , .> . to r a and 

also in .-~ rrhosor.c. Jorbct (1956a, b], showed that larvae 

the f i n : , l i 113tar i r spring r.etamorjhosed and emerged vdthout delay. 

Hov:ever, larvae ei^tering the f i n a l ins tar i n sun.-cr d id not enter 

mDtanor^hosis u n t i l the f d i c i n g 3_ r i n g . Sorbet therefore s/.^gested 

that th i s f l a y e d development at a time when conditions ./ere â  parently 

saitable f o r metamorphosis and emergence was a diapause sbr.^e. 

3crbet (1957a, 1962; and :o rb : t e t . a l . (I96O) suggested that 

'diapause served to synchronise emergence i n spring emergence species 

by delaying the development of rapidly growing larvae and thereby 

allowing more slowly growing members of the population to "catch up*. 

Diapause was probably7 completed by November or December and the "..hole 

population o f f i n a l instars metamorphosed and emerged together as 

temperatures rose i n the spring. 

Ccrbet (1956) si owed 1 t diapai je i n ... arc rfas f acu l t a t ive , and 

controlled ly ^hotoperiod. However, u n t i l the present study, nothing 

was known ab ut the possible e f fec t s of diapause on f i r . a l ins ta r 

metabolism i n spring emergence Odonata. I n most insects diapause 

results i n a considerable reduction i n metabolic rate on a un i t ./sight 



- 242 -

basis (Clarke 1$'67, ."eister and .-'tick 196k) $ and i t Mas clearly 

important to elucidate the e f fec t s of diapause on a l l possible 

aspects of the metabolism of Pyrrhosoma. Time prevented a detailed 

anal"'sis of the factors inducing diapause i n orrhosoma, or those 

cont ro l l ing i t s r_te of development. However, experiments .fere 

conducted t o determine .whether f i n a l ins tar lyrrhosonia sho.-;ed delaved 

development a t r e l a t i v e l y high labor .t ry teniae r a t ires ( i . e . diapause} 

and the month by •which diapause was normally competed i n the f i e l d . 

13.2 32 IRIKS] IS ON ?TxSt:05U:iA DIAPAU^li 

1^. 2a. Develc ' - ':' : ".- / •. f : .•„ 

Final ins ta r i-i rrhosg | . larvae ./ere collected regularly from 

the study area. I n the ..Inter of 1965-66, the 19&4 year class was 

sampOLed three times (uctober, December and March.) I n the winter of 

1966-67 the I965 year class aas also sampled three times, i n January 

(twice) and February (once). The 1966 year class was sampled 

throughout t he winter of 1967-66, from September on entering the 

f i n a l ins ta r and subsequent,?.! l y i n every month u n t i l inarch. Between 

10 and -C g -j-'cxr.T. v/ere taken on every sampling occasion. 

The larvae were brought back to the laboratory, and placed eibhe: 

singly or i n pairs i n 5C0 ml containers; each was ^rovi ied wi th 

.lode a ex. ad ensi [1 ichaux) Pota, - ..ton berchto ld i i (7 ieber / , 

dead leaves, twigs and mud from the pond bottom. The containers 

./ere placed on a laboratory window ledge at a mean temperature of 

16°J . Larvae .;ere supplied id th excess food. Da.:hnia obtusa 



obtained from laboratory cultures ./ere provided as the staple d ie t , 

supplemented by small aquatic invertebrates collected from the study 

area (mainly chironomids, Asellus and Cloeon). Larvae were .~ -

tained l i k e t h i s u n t i l they emerged. 

Fig 31a shows the mean number of days taken to emerge i n the 

laboratory a f t e r co l lec t ion (+2 standard e r ro r s ) , plot ted against 

the date o f c o l l e c t i n g f - r the three year classes. The number of 

days between co l lec t ion and emergence i n the laboratory was defined 

bl : laboratory nt t i ne . I t i s clear that laboratory 

development times of larvae collected i n September or early October 

were long, usual ly between 200 and 230 days, but declined rapidly by 

ap : roicLmately 55 days per month u n t i l early December. From early 

December onwards, the decrease i n laboratory development times w i t h 

l a t e r co l lec t ion dates was much less (about 10 days per month), so 

that to ta l laboratory development time only declined from about 60 

lays i n larvae collected i n early December, to about 20 days i n larvae 

collected i n early A p r i l . 

The inser t to f i g 32a shows an in te rpre ta t ion of these laboratory 

results i n which f i n a l i n stars between Jeptembcr and mid December are 

regarded as undergoing diapause 'evelorment, and larvae from mid 

December onwards as undergoing post-diapause ( i . e . normal) development 

I n many insects, diapause development proceeds more rapidly at low 

temperatures than at high temperatures (Lees 1955) • In lyrrhosoma 

diapause and post diapause development are envisaged as two d i s t i n c t 

processes, i n which the former must be completed before the l a t t e r , 
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and therefore before the larvae can metamorphose and emerge. Pyi-rhosoma 

larvae collected i n Septe ber had to undergo a l l diapause developn nt 

i n the laboratory at high temperatures (18 C)f diapause therefore pro­

ceeded very slowly and t o t a l laboratory development times were long. 

However, between Septe ber collected larvae and Decemb r collected 

larvae diapause • 'evelopment proceeded rapidly under low temperature 

f i e l d con-litions, and each consecutive col lec t ion of larvae showed a 

larpe lecline i n the amount of diapause s t i l l t o be completed. From 

mid-December onwards, larvae collected from the f i e l d had completed 

a l l diapause development, and laboratory' development times became 

comparatively short. ..o v .ver, post diapause development proceeded 

slowly under low temperature f i e l d cor. - i t ions , and each consecutive 

col lect ion a f t e r December showed only a small d :cline i n laboratory 

development t ime. 

Fig 3^b shows an al ternat ive presentation of these data, support­

ing the above in te rp re ta t ion , i n which the mean date of emergence i n 

the laboratory i s plot ted against the date of co l lec t ion . I n the 

laboratory/ the ear l ies t larvae to emerge did so in l a t e January and 

early February. These larvae were collected i n mid December, and 

had therefore completed diapause 'evelopment under favourable low 

f i e l d temperatures. *ost diapause development was also completed 

under the most favourable conditions (high temperatures and abundant 

food i n the laboratory) and emergence was therefore ver; early. Larvae 

collected before or a f t e r mid December had to complete part of e i ther 

diapause o r p ost diapause development unler le.;s favourable conditions, 



and emerged much l a t e r . 

I t should be noted that larvae collected before December i . e . 

those completing most or a l l diapause development j r the laborator , 

f requently s howed signs of disturbed patterns of mot amor hosis. 

Strong re:"! colourat ion of ten developed on the abdomen i n early stage 

2 metamorphosis, wh i l s t i n normal metamorphosis (see chapter 2} t h i s 

was not observed u n t i l l a t e stage 3. iletamorphosis /as also slower 

than usual dn these larvae. 

: y. . ; effects f v' 

Final ' star l a rv 3 were collected throughout the winter of 1967-63. 

Experiments on aspects of t h e i r metabolism, measured monthly immediately 

a f t e r co l lec t ion are reported i n chapter 9j section 9•2a (ass imila t ion) , 

chapter 10, section 10.3o (respirat ion) and chapter 12, section 12.2e 

(maximum feeding r a t e ) . 

Percentage assimilation showed no change throughout the f i n a l 

instar ; nor was there any sign of any marked depression of metabolic 

rate of the type normally associated wi th insect diapause. Only 

ma y t t r i u m feeding rate showed a change that might be associated wi th 

completion o f diapause, increasing from approximately 0.65 mg dry 

weight consumed -er larva per day i n Cctober, November and December, 

to l .C mg d r y weight consumed per larva per lay from January onwards, 

( a l l at 15 C) . However, as pointed out i n chapter 12, t h i s increase 

i n maximum, feeding rate i s only s l i g h t , and both Uapanse _.nd post 

K ause lata f i t s - a l l y w e l l onto the regression r e l a t ing l a r v a l 

length (mm) to maximum feeding rate (mg). T'or i s the increase i n 
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maximum feeding rate s u f f i c i e n t to account f o r the difference i n 
laboratory 1 evelopment times of diapause ... A _ ost dia r.use larvae. 
Tne increase i n mard. um feeding rate i s therefore considered to be of 
minor or doubtful s ignif icance i n the termination of diapause. How­
ever of undoubted i> ortaiice i s the t o t a l absence of any depression 
i n the respiratory rate. This suggests that the diapause i n 
1: rr'-:o~ena as quite d i f f e r e n t to normal insect diapause. 

13.3 DISCUSSION 

The data showed that energy u t i l i s a t i o n per day i n f i n a l ins ta r 

larvae, m easured i n the laboratory short ly a f t e r col lect ion was s imi la r 

throughout the •.•/inter whether or not they were i n diapause. Diapause 

./as therefore ignored i n subsequent energy" bu get calculations. How­

ever! larvae maintained i n the laboratory at high temperatures were 

clearly d i v i s i b l e in to diapause larvae (those showing delayed develop­

ment, collected be Ween September and early December) and post diapause 

larvae (those showing rapid development, collected a f t e r early December}. 

>ince the diapause larvae maintained i n the laboratory at high temper­

atures did not become abnormally large during t h e i r prolonged f i n a l 

instar stage, i t i s clear tha t at some point t h e i r energy^ intake must 

have decreased markedly compared d th that of post diapause larvae. 

Unfortunately, no energy balance measurements were made on diapause 

larvae that had been maintained i n the laboratory at high tempo rat/ores 

f o r long ;er iods. 

The fo l lowing model i s suggested f o r the way i n which diapause may 

operate i n s pring emergence Gdonata; i t i s consistent with the observa-
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t i o n s cat Jftax and rrhogama diapause made b Corbet (1956, 1957 a,b) 

and i n the present study, but i s l a r g e l y unproved. 

Larvae mou l t ing t o the f i n a l i n s t a r may Aossess a "diapause 

f a c t o r 1 1 , the presence or absence o f which i s a f a c u l t a t i v e res-onse 

t o photoperiod. The nature of the "diapause f a c t o r " i s u n k n o t . I t 

i s presumably -bsent f rom those larvae moul t ing t o the f i n a l i n s t a r 

v j h i l s t ^hotoperiod i s inc reas ing , but i s present when ^hoto_cr iod i s 

constant or decreasing. 

Prov id ing t h a t l a rvae do not experience h igh tern per :•. tares (above 

10 f o r pe r i ods of longer than one week, the "diapause f a c t o r " does 

not i n f l u e n c e energy u t i l i s a t i o n . This would exp la in the l ack o f 

any marked d i f f e r e n c e i n metabolic ra tes i n f i n a l i n s t a r s c o l l e c t e d 

throughout the w i n t e r , and a.ea^ored - d t h i n one reek of c o l l e c t i o n . 

Ko\*3ver longer exposure t o h igh temperatures (?.s i n the l a b o r a t o r y at 

18°C i n the present s tudy) ac t iva tes the "diapause f a c t o r " , causing 

a ^ostu]a ted reduc t ion i n metabolic rr.te and an observed delay i n 

development. Presumably f i e l d l a r v a e , moul t ing t o the f i n a l i n s t a r 

ear ly i n Ju ly or August ( e r l y rnoult •/*ac not noted i n the present 

study, but was observed b Oorbet 1957?.) experience a s i m i l a r a c t i v a ­

t i o n o f the "diapause f a c t o r " due t o high jond temperatures, : n d i n 

tonse^uence t h e i r metabol ic r a t e i s depressed, md t h e i r development 

delayed. This a l lows more slowly grovdng i n d i v i d u a l s t o "catch-up" 

and synchronisat ion i s maintained. 

The "diapause f a c t o r " i s g radua l ly l o s t by the larv- .e , the r a t e 

of loss being most r a p i d at lower temperatures. Under normal f i e l d 



cond i t ions , a l l "d:-_.ause f r o t o r " has disappeared by ea r ly December, 

and larvae became post diapause and able t o develop normally at h igh 

temperatures. However, there re important d i f f e r ences i n the 

e f f e c t s o f temperature i n An ax d Pyrrhosoma. I n Arax 1C°Z i s 

opt imal f o r diapause development ( i . e . loss of "diapause f a c t o r " ) , 

which proceeds very s lowly a t 6°C or 20°Z. (Corbet 1956). As 

pointed o u t i n chapter 7, .»n~-x moults to the f i n a l ins t a r one or two 

months e a r l i e r than Pyrrhosoma. Kost l:;rrhosoma d id not moult t o 

the f i n a l i n s t a r u n t i l October, by which time the mean pond temperature 

( t ab le 7, chapter 4) was already below 10 C« I t i s the re fo re probable 

t h a t the optimum temperature f o r diapause development ( i . e . loss o f 

"diapause f a c t o r " ) i s much lower i n F;, rrhosoma than i n Anax, uad i s 

probably about 5 or 6 C. 

There may be o ther d i f f e r ences between these two species. Emer­

gence i n Pyrrhosoma i s less " exp lo s ive" f f o r example the S . M . ^ Q points 

are l a t e r t ha s i n Anax (chapter 6 ) . This suggests t h a t the synchron­

i s i n g e f f e c t s o f diapause may be d i f f e r e n t i n the two species. ^ince 

Anax i s an m i so-to ran , and P:/rr'posoma a zygopteran, spr ing emeigence 

and diapause must have been independently evolved i n both species. 

D i f f e rences between them met t h e r e f o r e be expected. however, there 

- jre T I S O obvious s i m i l a r i t i e s . Anax larvae continued t o feed and t o 

move pbout normal ly dur ing diapause (Corbet 1956; ^ust as i n Pyrrhosoma 

This , and the absence o f any d i f f e r e n c e i n the metabol ic rates o f 

d i a l ^use a i d post diapause Pyrrhosoma meas r e d s h o r t l y f t e r c o l l e c t i o n 

suggest t h a t diapause i n Odonata i s an extremely i n t e r e s t i n g phenomenon 
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very d i f f e r e n t from normal ?.rthro^od d i i u e, i . i t l v t i t ^ould 

re ay f u r t h e r d e t a i l e d study• 



F i g . 32 .. 3' ._ i n f i n a l i i s tar n r r j c ; ; t l a rvae . 

T o t a l days t o energence i n the labora tory a t 

18 J, p l o t t e d against the la te of c o l l e c t i o n . 

( V e r t i c a l l i n e s are JH ~ standard e r r o r s of the 

t o t a l mean days t o emergence). 

F i g . 3^b. Diapause i n f i n a l i n s t a r Pyrrhosoma la rvae . 

**ctoal date of emergence i n the l abora to ry , 

_looted against the dcte of c o l l e c t i o n . (Jiach 

poin t i s the mean f o r several la rvae co l l ec t ed 

on the same d a t e ) . Larvae /maintained i n the 

laboratory- a t 1B°G w i t h excess f o o d . 
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14.1 E'Dr/IOTJAl : HOT JUDGSf* (Ponds i 1 Fj 

14.1a t 1 - sr : 1 - i '.: .-. - J j j a J • via- dev- . lcra- t 

" o t . l energy u t i l i s a t i o n p r l a rva l u r i n g ievelopn !" as calcu­

la ted f o r L he 1?66 ;ear cla33 i n pond - , f o r the 1 composite 1 

develojteent % cle f o l i o . . ] i n pond ?, made u^ _ t r t l ^ ^rom lie I966 

year class aa 3 p a r t l y from the 1?57 year cla-ss. J,--, o f 3̂ . erg; 

u t i l i s a t i o n ( c a l o r i e s per l a rva per month or spec i f ied shorter time 

i n t e r v a l s ] -.ere summed to g ive t o t a l energy u t i l i s a t i o n throughout 

development. I.'cnthv, estimates s/ere taken fro:.;; 

Jha^er l i d , ba&es 56 a 1 59 (C and A) 

31 a ^ e r 10, tables 43 -n] 46 

Chapter 1 1 , ta >ls V7 ( IvJ 

3 iapter 7, t a les 2C - J : j (P) . 

T o t a l energy u t i l i s a t i o n per l . r v a from hatching u n t i l the end 

of stage 2 metamorphosis 

ca lo r i e s 

ca lo r i e s 

ca lor ies 

ca lo r i e s 

ca lo r i e s 

c a l o r i e s . 

: knsumpt ion 189.151 

s i i l a t i c i 166.067 

7 & eces 23.084 

P Growth 80.164 

R Ifeapiratior 81.387 

Zv ^kuvia 4«5l6 
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- - ' „ : . 
T o t a l enerj^ u t i l i . a t i o n per l a r v a f roa Imtehi j u n t i ] the - . . . ] . of 

Stzre 2 met a. o r thos i s 

•J 0- u i\rtioi c i l o r i o s 

4 s s i m i l a t i o n ca lo r i e s 
Fas ces 22.636 c a l o r i c s 

- arc . th 80.161 ca or ias 
Je s^.i r a t i o n 77.883 ca lo r i e s 

3? ^auvia W516 s „ l o r i e s 

Data f r o r both ponds omit stage 2 metamorphosis, i i .vhich l a rvae 

bto; f e e l i n g and lose . . e i -h t . (chapter 7 } . -fcage 3 metamorphosis 

car. • accounted f o r i n the above ca lcu la t ions by adding 3,140 c . l o r i e s 

r ss^ i r sa . o r l ^ r v „ , ... 1 i b t r a c t i n ~ Mils same amount f rom t o t a l j ro- . / th . 

j : r ~ y u t i l i s a t i o n by the--': d i f f e r e n t cornponents, as * ; reentage 

c f consumption, i s sho n i n sable SO* The ^ arcs t a j e of constKi t i o n 

Incorporated i n t o grov/th Ls the w ro-s growth s f f : si - £. c f I v l e v 

(1945). I v l e v 1 s ne t grovjth e f f i c i e n c y I I or % x 100 was ca lcu la ted 

as f o l i o s 

Pond 3 = 48.27 percent 

Fond P = 49.31 percent 

I t i s c l e a r t h a t the tv/o ponds ./ere v e r j s i m i l a r both in the t o t a l 

energy consumption per l a r v a Crom h t.ching to emergence, and also i n the 

f a t e o f ingested energy* 

14«lb I b n t M j aha i n . r i ' . , bic . • 

The jxev ious sect ion i s concerned o n l j wi th o v e r a l l energy u t i l i s a t i o n . 
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Energy u t i l i c ia t ion as a percentage o f 
consumption (G) 

Pond 3 Pond F 

' -*-' 
•r- - • 38 

Respira t io i R i o p q P . a 

! n v i :. :.3S i 

? 12.20 "1 " 
J • _ — 

si i l bior A 87.80 87.68 

l ab l e 60 _^er^- u t i l i s a t i o n 3 j d iv idua l l a rvae as a percenta 
o f i n d i v i d u a l l a r v a l consumptioi between hatching and*" 
the er 1 of bage 2 metamorphosis. 

I t i s a lso o f i n be re t t o compare the energy u t i l i s e d f o r growth, 

res. i r e t i e r e tc , as a percentage : f i n d i v i d u a l consumption on a 

monthly bas i s . 

j r o w t h , r e s p i r a t i o n , exnvlum product ion and faeces ( a l l as ca l s . 

per l a rva ;e r month; .rere ca lcu la ted as percentages o f consumption (also 

ca l s . per l a r v a par month) f rom the data presented i n chapters7, 10, 11 

and 12. 3L nee the analysis was c a r r i e d out on a monthly basis ( r a the r 

than f o r t o t a l development as i n sec t ion 14 .1a) , data from the 1965 

end 19^7 year classes i n pond 3 ..ere inc luded . F i n a l l y , la ta from 

a l l jear c lasses i n both ponds were pooled, and mean monthly percen­

tages ca l cu la t ed . The r e s u l t s t h e r e f o r e show monthly percentage 

u t i l i s a t i o n o f consumed energy i n an "average" or ' ' t o p i c a l 1 1 two pear 

rhosoma development C o c l e . 



Fig 33 shows t h a t the pat ern of energy u t i l i a t i o j d ged co -

t i n u o u s l y t hrou^hout levelopment. The p rce.-tage o f ingested ei i r ^ 

l o s t i n t h e f a e c - 3 inc ] • s id fro- ' . 5.3 percent a t the hatch, bo 13.5 

percent i r . stage 2 metamorphosis, as acrcentage a s s i m i l a t i o n dec l ined 

wi th increas ing l a r v a l size (chapter 9, ;nd f J w 19 / . -arvae 3id 

not grow i n the i r f i r s t . . i ' er o /eaber-February), so tha t exuvium 

k rodac t io r was r e s t r i c t e d t o t;;o ver iods , b bween the hatch ar.d 

^ctober, and i n the second summer between A*arch and en te r ing the f i n a l 

i n s t a r i n x ^ e bar. . . i t h i n these r e s t r i c t e d per iods , exuvium produc­

t i o n accounted f o r between J rA 16 percent o f ingested energy, so 

tha t i n seme months, more energy tvas l e s t as exuvia thai, was l o s t as 

faeces. 

i i ) s t c f the ingested ea3rQ ; .vas u t i l i s e d i n gro;/th and r e s p i r a t i o n , 

although t h e r a t i o of one to the other v a r i e d ^ r e a t l y . During the 

f i r s t i n t e r , (roveaber to February), 93-5 percent of the ingested 

energy ..as u t i l i s e d i n r e s p i r a t i o n ; the remainder was l o s t i n the 

faeces, A l t e r n a t i v e l y , a f t e r the hatch ( Ju ly , August and ieptember) 

and during the second summer, more than 55 percent o f the ingested 

energy as u t i l i s e d f o r w r o . . t a . Ir. Jul;, o f the secoj year, growth 

accounted f o r a maximum cf 59*6 percent c f i n g e s t i o n . J l a r l ; gross 

growth e f f i c i e n c y (K . ) .vas very high a t ce r t a in stages o f development* 

14.2 I0PUUTI01 3N2RGI FLO.- (pond - on ly) 

l',-.aa v.." a '-lie-' j f y vl":n 

T o t a l popula t ion energy f l o w ..as ca lcu la t ed f o r pond - o n l y . Data 
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f o r two years , spanning three year classes .;ere used, v i z ; 

senior 
••1 

Junior age 

YSAR 1 

Jul; ' 66 - June 1 67 1965 year class 1966 ;-ear class 

Pecomes senior age 
elr.ss 

: - i ; $7 - June 1 6 £ 1966 year class 1967 year class 

Data f rom each year class .;ere ca lcu la ted separately as f o l l o w s : 

D ;an number o f P:, rrhosoma la rvae per m each month i n each 

; ee r c lass :as ca l cu la t ed f rom 

= I ion th ly mean number per m , 

j i = Lumber ; e r m of „ .r class on 1s t o f month 2 . 

n^ = D i t t o on 1s t o f month 1 . 

The numbers i n each year class on the f i r - t c f each month ./ere 

taken f rom chapter 5, t a b l e 15. 

i i ) Resp i ra t ion per m each month by each year class rfas given by: 

N x ( c a l o r i e s r e sp i r ed per i n d i v i d u a l per month). 

The ca lor ies r e sp i r ed per l a r v a per month i n 3ach pear class . . - 1 

taken from chapter 10, t ab l e 43 - 45. 

n + 1 



i i i ) Production per m"~ e^ch rnonth L5 3ach year c l i3s /gas given tyi 

I. x ( c a l o r i e s growth per i n d i v i d u a l per month). 

Growth c a l o r i c s p r l a rva per month .-/ere taker from chapter 7, 

tab les 2Q - 22. 

iv^ SxuVium product ion was s i m i l a r l y calcul t ed f r o - . ; 

N :•: (exuvium . reduct ion per l a r v a p r monthj 

I x u v i u ; p r o d u c t i o n r l a r v a per month i s given i n chapter 1 1 , 

tab le 47, 

v) TGT.'l A i S I K I i a l S D G&iC J E ear nT psr month by each rea r 

class was ^ iven by 

( L i + i i i + i v ) above i . e . + ? + 2iv, 

v i ; Mean percentage a s s i m i l a t i o n each month was taken from chapter 

12, t ab les 56 - 58. Kence TOTAL CULOlEBj SCT.JuTED per a 2 

2 r month by each year class ./as ca lcu la ted . 

v i i ) Ifean monthly biomass ( ca lo r i e s per m~) f o r each ye r •class ./as 

iven by: 

loi 1st of month 
"1 1 r ' ~i J ~ L j 

i tfiere: n- = number of larvae _ r i n year class on 
1s t of month, 

n~ = d i t t o on 1st o f next month. 

The mean c a l o r i c content o f one l.arv or, t':-, f i . ' - . t of :ch ant 

i s given i n chapter 7, tal&es 'C - 23. The numbers i n sach v r 



q r £ 

class or. the f i r s t o f e •ch month ./era taken f r o . 1 pter J, I bH 3 : 

( I n the above d e f i n i t i o n s , ''month11 5 > l . ;o used to i i "lie t e 

\ e c i f i e d s !>n to r time j t t^rVals •• r i n g hatehi .., mntnmoi'jlKrds :nd 

emerge ~ ] . 

The " i n i rtep i r the c a l c n l t i o n s t o combine snior d 

3 n i c r - ge vlass V-ta i rch month t o J.vc t o t a l t o p u l t i o erg: 

u t i l i s t i o n per t; - t.r> „ • r s of s t t • 

Taales 61 - 63 show the r r s i l t s of the calc . ^ ^ 

above, f o r t h e 1965, I966 and 1?'7 5 classes i n pond betweer. 

July 191-6 and Jui 3 196S, 

Total an l a l . r g , u t i l i s a t i o n by the P y r r h c . .a populat ion i r . 

the two years of stucfc fas as f o l l o w s . 

- - . - • » - » i 5 i T-nl-3 1966 - 3C'th June 1967 

Data from the sen ior e.ge clams (1965 year class) presented i n t a l l e 

iZ ere ccimcm 5 i t : th:- let; , f r m x* e j nn . cn e l . . : . . (I966 ; ar 

class) presented i n the top h a l f o f t ab le 6 1 . 

3 I-Sil £TUAI StCKl 934.1 ca lor ies per ft" 

?I iTIOF 3169.3 ca lor ies per nf* per an .u . 

? T:: (Froduct ioi j 3938.S 

Iv 3 X I M A 'm ': 
r r c . g - ' -

r 414 J-

~ T I V 8464. 

1' .... g l s U u ,. • 62 - 3 a ' ! • IS '- : 

Data f rom the senior age class (1966 year class) pr nted i n the 

http://jnn.cn
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bettor: h a l f of t ab l e 6 l ere combined . d th lata from the j u n i o r age 

cla^.s (1967 year class) L resented i ) t ab le 63. 

3 KW UAL 1420.6 ca lo r i e s j e * nv2 

E -VTICr 3668.1 ca lor ies e r nT per r-nnum 

? GSC HE (Production)3586.8 - -

Bv IX 7IA 301.9 - 1 -

F F42GS 987.3 - 1 -

: FEK3 8545.1 - •• -

These data are summarised i n snergr f l o w diagrams ( f i g 34}* 

Estimates o f numbers A. r m~ and mor t a l i t y rates s u r e s t d t h a t 

tl e tvx) ye rs J i f f red lark i l y as f a r ?.s Parr' MAS on":. populat ion 

dynamics ..ere concerned (chapter 5 ) . I n cont ras t , the s i m i l a r i t j 

beta-esn the t . j o years i n terms o f annual energy- f l o w i s remarl able. 

Populat ion consumption was v i r t u a l l y i d e n t i c a l i n both years and 
n 

^mounted to 8.4*5 - -% per m per annur i n the f i r s t year, and 8.55 
ca i o 

c I s 
m yer ai um i r the second. 

At the end of each "popula t ion" year i r i J u ly , m o r t a l i t y had 

accounted f c r a l a r g e p ropor t ion o f the t o t a l annual poA i l a t i o n r o -

3 ic t ion o f 3.94 IC , , j e r :> r v.u- ±r the f i a - t j -?ar 1 r . r , 9 

i : , _ per m per year i n the second. Lj those j u n i o r age class c 

larvae s u r v i v i n g or, 1s t July and the f i n a l i n s t a r s . . i i ich emerged from 

the pond shor t ly 7 before the end o f the ovu la t ion year remained as 

1 v i s i ' >le1 rr o 1 u c t i or.. 

Exact c a l c u l a t i o n o f the number o f f i n a l i n s t a r la rvae s u r v i v i g 

t o emerge i s d i f f i c u l t , but a reasonable e t ima te ./as male from the 
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calcula t ed number o f f i n a l ins t a r s per m t the s t r t o f the r . r u l 

emergence, (chapter 6, sec t ion 6 .1c . ) Hhe me n number per m , raulti 

p l i e d by the dry weight i d c a l o r i f i c value of •, stage 3 metamorphosi 

1 rva gave t h e t o t a l ca lo r ies er m surv iv ing to emerge. The numbs 

of j u n i o r ige c lass lArvae present on l o t Ju ly i s ^iven i n ch p t e r 5, 

t ab le 15. The nur.ber on 1st Ju ly , m u l t i p l i e d by the ca lo r i c content 
p 

; e r l a rva (ch p t e r 7 j tab les EC nd "2; gave the mean ca lo r i c s per m 

s u r v i v i n g o n 1st Ju ly , rhe r e su l t s ere as f o l l o w s : 

- 1 \ t r-r.\- - J 1967 

2 

3iomass oet m ' ' I ' j u n i o r age c l ss su rv iv ing on 1s t Jul^ 19^7 

= 391,59 calories per ~ 

Biomass per m o f f i i \ 1 i n s t a r s emerging, Kay and June 1967 

1 5 1 , ° 6 c l o r i e s per ~ 

To ta l " v i s i b l e " product ion t end of year 
= 542»95 ca lor ies per m . 

T o t a l mortal i t y (393S.8 - 543.0) 

3 3 ° 5 . 6 c l o r i e s per : per annum 

TOTAL IXRTALITY 3.40 K 1 oer m ;er annum. 
I s 

Y . 1 t J u l ; 15 :r? - got] T - - " ' 8 

3iorr. ee pe r m" o f ju rao r age class s u r v i v i n g on 1st Ju ly 19 68 

= 294.66 ca lo r i e s per m . 

Siomass ;e r m o f f i n a l i n s t a r s emerging, . *y nd June 1960 

= 1636.15 ca lor ies ; ^ r m'". 

Tot-JL " v i s i b l e 1 ' p roduct ion at end of year 

= 1930.81 ca r i c e per m . 

http://nur.be
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rota] mart l i t y (3586.8 - 1930.8) 

- 1656.C ca lor ies j~c m*~ per annum, 

:TALIT¥ 1.66 <r n per m~ per annum. 
1 ^ • 

31:~rly, m o r t a l i t y losses ( ca lo r i e s n o r m ; rere ipproidmately 

fcid.ee is h i -h i n the f i r s t year 1966-67) s i i fch* 3 cor d J . . r 0967-68) 

of study, md accounted f o r - l- .r^e p ropor t ion of annur.3 product ion , 

pa r t j c .a . r ] : i n 1966-67. 

j icnthl? '" ' "' L , t -•- -'• ' ' . 

r s . 

Tota l monthly so u l a t i o n e©nsui$ fcton fK - ser m~ r>er month) was * 41 v cals * 

• useful me sure of the change i n t o t a l energy f l o v j n t h season. F i g 

35 shows t o t a l monthly populat ior consumption i n the t 1 o years, i t h 

the c o n t r i b u t i o n o f the j u n i o r and senior age classes d i s t ingu i shed . 

Data .~re taken f rom the l ^ s t column o f tables 51-63. 

The c o n t r i b u t i o n o f the j u n i o r age class t o poy»ilat ion consumption 

was usua l ly con 1 l e r b l j less t l *n the c o n t r i b u t i o n of the sen ior age 

class during the - e ^ e r i o d . I n 1966-67, consumption by the senior 

a"e class amounted t o 7.06 II , m~ oer annum, u t to only 1./..C K -
cals " cais 

per m ser annum i n the -junior age c lass . In 1967-68 the corresending 
f i g u r e s ere 7.82 K -, oer n f oer annom con.,nr. t i e r by the senior age 

cals * 
class, and 0.73 & * pef ci per 1 by the j u n i o r age c lass . >-:cep-

caJ 3 

t i ons t o the genera l ly smal l c o n t r i b u t i o n o f the j n i o r age class 

occurred a t ce r t a in t i m s. I n Jure o f both ye r s , a f t e r the senior 

' _e cla s had emerged, po4 i l a t i o n energy, f l c 1 as e t i r e l ^ due to the 

http://fcid.ee


•unior a^e c l a s s . Also , towards the end of the f i r s t year (I-Iarch-

M a y l 9 6 7 ) j senior a j e class larvae (1965 year clai ) ire pre ent i n 

ve ry small numbers ;>er m~, and the c o n t r i b u t i o n of the j u n i o r â ;e 

class t o t o t a l popula t ion consumption was p r o p o r t i o n a l l y qu i t e l ^ r ^ e . 

The broad pa t t e rn c f energy f l o 1 i n the tvjo years .-.-as 

s i m i l a r . F i g 35 shows t h a t peak populat ion inges t ion tool: place 

between J u l } and October, d e c l i n e ' to a low l e v e l between December and 

February , and increase d again i n the sp r ing . I n d e t a i l however, the 

two years ..ere r a the r d i f f e r e n t , i r i r a r i l y due t o the very d i f f e r e n t 

m o r t a l i t y rate? and i n i t i a l numbers per r̂ "" o f the senior age class i n 

each „ ~ a r . I n IV66-67, the senior a^e class (1965 „ a r class) was 

i n i t i a l l y p resen t i n very l* rge numbers, experienced heavy m o r t a l i t y , 

and was present i n VITJ low numbers at emergence. I n 1967-68, the 

senior age c lass (1966 year class] ~\s i n i t i a l l y present i n smal ler 

numbers, b ^ t experienced a much lower m o r t a l i t y , and i n consequence 

the numbers s u r v i v i n g i t emergence were much h igher than i n 1966-67. 

(See chapter 5j ec t ion 5.~" r'/. Populat ion consumption was t h e r e f o r e 

-ruch higher i n 1966-67 between July and -ieptemb r than i n 1967-68. £ty 

March, however, the s i t u a t i o n i n the two : t 33 years was reversed, and 

populat ion consumption i n spr ing was much higher i n I967-68 then i n 

the f i r s t 3 ear. 

Total M o v u l a t i o n consumption i n gyjrrhpsjanu ..as found to be in f luenced 

by three f a c t o r s v i z ; pond ts r .pcra ture , popula t ion biomass and the 

density of ava i l ab l e prey. The observed monthly changes i n popula t ion 

consumption Here p r i m a r i l y due tc the i n t e r a c t i o n o f these three v a r i a -



hies , and i t i s i n t e r e s t i n g t o consider i r general terms t h e i r r e l a ­

t i v e immortal ce. 

I n chapter 12, an attempt ./as made ( lect io] 12 .5 i f i ~ 31> to 

compare ac tua l f o o d in t ake per l a r v a i n the f i e l d , ..1th ^.ote t i a l maxl-

food in take per l a r v a i n the l a o ra to ry , i i ince feeding ra t e ..as 

propor t ional to pre} i e n s i t y i t -„ be argued tha t the nearer the f i e l d 

feeding ra t e approaches the maximu:! labora tory f e e d i r . j r a t e , the hasher 

the ava i l ab l e prey densi ty i n the f i e l d . F i e l d f e e d i n g rates ..-ere a 

greater p j r cartage o f the maximum feeding ra t e i n June arid Ju ly than 

at anj o ther time ( f i ^ 34/ so t h a t maximum populat ion consuiration i n 

August a. d Sep t©nber d i d not appear t o be closely synchronise } w i t h 

laxL urn r e^ dens i ty , Ho/ever, i n very general terms, t o t a l populat ion 

consumption ./as h i $ i .i.en prey dens i ty ,/as h i ^ h and v ice versa. 

The e f f e c t s o f changes i n popula t ion bicmass and temperature on 

population consumption ..ere analysed i n more i e t a i l . F i g . 35 hows 

mean monthly pond temperatures (see chapter 4> sect ion 4 .~ , superim^josed 

on the changes i n nonthl j popula t ion cons a ^ ' i o n . Although c - l h l v 

changes i n popula t ion consumption tended to f o l i o . / the temperature 

curves f a i r l y c l o ; e l ; , maximum pond temperatures ar.d maximum populat ion 

consumption d id not co inc ide , the former being i n July and the l a t t e r 

i r August o r ^epte ber. I t i s also c lear f rom the biomass l a ta i n 

table 64 and the data on monthly popula t ion consumA t i o n i n f i g 351 t h a t 

peak popula t ion biomass and peal: popula t ion cons mption d i d no t c o i n ­

cide. C lea r ly the t i m i n g o f peak popula t ion consumption was in f luenced 

by both tem^Brature and biomass, and i n consequence l i d not coincide 
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w i t h the maximum values o f e i t h e r . 

Mean monthly biomass (Tot: i l of both senior 
j u n i o r : -1 „ P> v* rn 

Month TIM 1 1966-67 2 -iH 2 1967-m 
1965 and 1966 year classes I966 and 1967 ft c 

Ju ly 1193.3 571.7 
Aug 15'7c. 5 989.3 

Sept 1751*1 14^7.4 
Get 1612.0 1SS7.5 
Nov 13-1.6 1970,5 
Dec 979.6 1309.1 

Jan 7-6.2 1 £ on p 
— 1' • — 

Feb 563.1 1516.2 

liar 443.6 151';-. 3 

A p r i l 371.5 1645.5 

361.1 l o l 5 . ' 

June 3C6.2 2C 3.4 

I'KAiN ..1 KUAL 1420.6 

3IGKA3S 

le 64 Ch ,ng s i n . :/rrhoaoma populat ion bioniass ( ca lo r i e s 
per rn~) each month i n pond 3 during two years o f 
study. (Data from senior and j u n i o r a^e classes 
presented i n tables 6 I - 6 3 } . 

F i ^ 36a sho./s monthly popula t ior consumption ( ~ r . j _ s £e r r!i"" Per 

month) i n t f i e two years o f stud; ' , p l o t t e d against mean monthly pond 

temperatures. F i£ 36b shows Monthly popula t ion consum /Hon p l o t t e d 

against mean monthly popula t ion biomass (K o per m ; • Dotal pop-



o l a t i o n consumption f i g u r e s -ere obtained from the l a s t columns o f 

tables 61-63; mean monthly pond temperatures .:ere taken from chapter 

4, sect ion 4 .2 , and mean monthly >y -rlio;- •! »a bio ... - Prom tahl r . 14. 

For mean monthly temperature p l o t t e d a^ain . t monthly population con­

sumption r = 0.65 (p > 0 .001) . For mear biomass p l o t t e d against 

monthly popula t ion cons option r = 0.41 (p . 1 - . 0 5 ) . Ihe l a t t e r 

i s barely s i g n i f i c a n t , and c lea r ly temperature had a much grea ter 

e f f e c t on t h e monthly changes i n popula t ion energj f l o w than changes 

i n biomass. The small i n f l u e n c e o f changes i n biomass ..as probably 

e to the r e l a t i v e l y narrow ran30 of biomass observed. Obviously 

very l a rge changes i n biomass outs H e the l i - i t s observed i n the 

present st . .ould have liad a marked e f f e c t on popula t ion 01 3rgy 

f l ow , r h i s i s discusser] f u r t h e r i n chapter 15. 

I n summary, peal oopulation consumption ' i d not appear to be 

corre la ted . . i t h e i t h e r maxlmuni rey density, \ 1 t h maximum biomass or 

naxxmur pond temperature. During the .ho le year, the most im o r t a n t 

s ingle va r i ab le a f f e c t i n g changes i n populat ion consumption, ?.nd 

the re fo re nergy f l o w -/as pond temperature, a t l ea s t . i t h i n the rar._~ 

of ry .Those;:... l a r v a ] ' Lomass observed i r the present ' 1". 

2 1 - / t j . ^ - 1 ' 1 - - •. •, • 

The ?/?> r a t i o , i e f i n e d as the an annual product ion [Z , per 
p 

m*" per annum) d iv ided by the mean a nual 'nor . . 3 { ' - per m j i s 
c a J- s 

measure o f t h e number o f times i n the year th t the »o i l l a t i o n " turns 

over". 
I n the two years , the appr< <. tdate r a t i o s were: 
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1966 - 67 3.94 

1^67 - 68 3 .5° 
1.42 .53 

The d i f f e r ence betvJeen the t.v.o u n rs » s t£ i n due to tr, 
-

d i f f e r e n t m o r t a l i t y r tes nd numbers per m ' of the senior age classes* 

_ ] ' : r ; v t i rj U I 1 t i o 

There ere C5.1cul tod f o r comparison : / i t h other s ingle species 

popul t i e r , energetics st dies* 

-y | " b [1960) i e f i n e d scolopic 1 e f f i c i e n c y f o r • sto- dy s tate 

system ~s 

Y i e l d ca lo r i e s to r a 1 t o r 
Food ca lo r i e s to prey 

In t h e present t f , f o l i o - . on - l e ~ c r t (1°64) a ma:dmum eeologic 3 

e f f i c i e n c y \t, s s i s n t ed by i n c l u d i n r total t t l i t y s ; i e l d to 

ore-:- tors, : m 3 c b l o p i c ^ l e f f i c i e n c y ~ therefore ~iver. sy 

T o t a l ml t i o n mort l i t ? 
pul t i o n cons •.option 

(both numerator r d denomin - t o r * - K , per m :sr mum) 

Ip rrh'soma popula t ion biomass at the end of e ch year fas not 

constant : r a the r i t i e d i n e d throughout the study* 

?opu] t i o n biomassfl* *") on; 
. s 

1s t July 1966 0.9C7 
• 1?67 0.392 

" " 1968 Q.295 

ICC 
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This was a decre a o f 3.415 II n p f ar bet J u l j 

and J u l j 1967, and o f 0.097 £ . w m~ between Jul 1?6? 
cals 

Ju l ; 1?60, 

t! o r e f o r " ' 1 " 

T o / / 

t o t a l an" ?1 mo t . l i t y before •• Leula.tin~ ecolo ' 

i n e f f e c t , i t • 1 .re .tented a t e r i a l '•imported 1 ' f r o 

and not r a t e r i a l fc roduced ^u r in^ the pari 

r jcolo i c a l e f f i c i e n c y i n t!te t -o years 

. c ~ r i ci one; (s ince, 

^ review 3 1 3ar, 

,1 r year be 1 ^ s tud ied ) . 

1>66 - 6? 

1967-68 

8.405 

— * . - - ^ 
r* - , r-

1 rr ercenti 

ICO = 18.3 sree I 

I z . i l l : t i c t i o f f i 22 y~. cos ere ca lcu la ted 

Grross >o l a t i o r 
100 

Ket po; iflLation 

growth e f f i c i e i c £ 

*.'-.•: 3rator and denominator as , •• r 1 o r annvu'1. 
cals 

For the two years stucfc these .."ire 

arose oj uXation 

growth e ? f i c i " g 

1966-67 

l?67-68 

! .5 ercei t 

jrcent 
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Net popula t ion 
w r o t h e f f i c i e n c y 

1966- 67 2 i2& = 51.8 percent 
/•ox 

1967- 68 ^ r t £ = W.5 percent 

Ins tead of cctaparing r t po^ula t io i grc t h s f f f i dences, ^ . ; c l ^ -

(1966, 1968] used the r a t i o of P t o R t o compare the f a t e of ass imi la ted 

energy at the populat ion l e v e l . \ p l o t t i n g a graph o f Log ?. . .gainst 

Lor R (both as K , per m >.--r anhumj he .s able to ob ta in a l i n e a r 
" calS ' 

r e l a t i onsh ip ( the " JngeV-ann l i n e " ) f o r poik i lo therms o f : 

Log = 0.62 + 0.86 ^og F. 

>ge lnann u t i l i s e : ' data from t e r r e s t r i a l ?:• d s a l t marsh populat ions 

on ly , md inc luded no aquatic species. F ig 37 sho s the l i n e ca l cu l a ­

t ed bj fogeimann, f o r t e r r e s t r i a l po ik i lo therms on. which data f o r 

aquatic po ik i lo therms have been superimposed. (The dot ted l i n e s show 

the l i m i t s o f s ca t t e r o f Sngelmann's data and hot the 95 percent con­

fidence l i m i t s ) , Aouatie popula t ion energy f l o w s tudies carr ied out 

by other workers are shown i n f i g 37 as open c i r c l e s , and data obtained 

f o r Fp rrhoso;ea i n two years as s o l i d c i r c l e s . The aquat ic studies 

u t i l i s e d are shvwr i n t ab le 65. Some of the studies s 0 .n i n t ab le 65 

were not o f s i n g l e species populations.. I t ras coi sidered j u s t i f i e d 

to include these f o r completeness since ESngelmann h imse l f included two 

"species groups" i n h i s analysis ( ;ol.iann I.96I f o r C r i b a t e i , ai ! v. d ir 

e t . a l , 1962 f o r 3 species of l - r thoptera ; . 

Also inc luded i n t a b l e 65 i s work by ..00-Hand (1967) or the Aus t ra ­

l i a n c r a y f i s h Che rax a l b i las , Tai 1 was no t l i l a b l e . en f i g 37 "as 
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. UJ E E S 

A3 IN 
f i g 37 

Species Author 
K - r i ' cals * 

per annum 0 £ - - 0_ ft 

1 Pita br ick 51.06 1.708 
i t i cus \-. : 

51.06 1.708 

- . eve ra l f i s h 
pedes (1965: 

- • 516.5 1 . o l9 . 13 

J Lrnivores 
- ll 

67 316 1.826 -.500 

T o p 3 a m i vo r e s C 903 1.114 

: 173.1 . »o . 2.684 

6 - 3 ] b s 104.5 466.1 2.019 1.687 
~ 
/ t 113.4 18.7 2.055 I .272 

(1957 
2.055 I .272 

8 r r j '.era 67.5 1.593 1.774 

9 81.8 90.? 1.913 1.959 

10 z l e r 1 ' o • ( 39.0 1.223 1.591 
: i 9 6 i ; 

Zh . x 158 1 ; 2.199 2.121 
IN FIG 37 ( C n g f i s h ) ( T 6 ? ; 

158 1 ; 2.199 2.121 

Table 65 Summary of data shown i n f i g 37, r e l a t i n g l o g 
t o l o r R (both as K c , per m~ per year) i n 
aquatic energetics studies* 



comple te-] . Joodland 1 s data ma2 be f i t t e d b- e '̂e t o f i g 37. 

The I t p. obtained f o r J prrhor.ni.-.a i n the t- ro years did not f i t 

v: rg c lo . .e ly to the .j ^elmanflline• However, i t i s Q.ear from f i g 

37 tha t data from most of the aquatic studies l i s t e d i n t ab l e 65 

f i t t e d re 50 l i p c lose]p . •_: n ; the pla ar ian 1:... ocata s tudied by 

l e a l (1957) ( p o i n t 7, f i g 37} f a t t e d the l i n e b: H p . I t may the re ­

f o r e be concluded t h a t the r e l a t ionsh ip between r e s p i r a t i o n and >ro-

duct ion (both as K , ~-er m oer annum, f o r t e r r e s t r i a l and a< . t i c 
ca s * -

poiki lo therms i s s i m i l a r , and t h a t the r e l t i v e l y poor f i t t o the l i n e 

ca lcula ted by Sngelmann shown by . . . . - ..osoma ?as not t y p i c a l o f most 

agnatic species. This i s discussed f u r t h e r i n sec t ion 14 .3 . 

~ sr~. u t i * isatapj r . 5 \ | r ce 1: 3 c f the c 

a t : r i n ~ •on-'' 

This c a l c u l a t i o n necessar i ly i nvo lved a series o f approximations. 

Nevertheless, i t . s considered s u f f i c i e n t l y i n t e r e s t i n g t o be worth 

a t tempting, .here approximations had t o be made, values g i v i n g max­

imum energy u t i l i s a t i o n hy the Prrr''. Dspma pr-p Ha t i o n ra ther than m i n i ­

mum .;ere chosen i n order t o give some idea of the maximum l i k e l y impact 

or iir ortance of rp-rrheser i n the h a b i t a t . 

I n both years o f s tudy, the l a r v a l Pvrrhosoma populat ion i n pond . 
p 

consumed 8.5 ' 1 per m"~ per sinnum. Of t h i s , approximately 85 percent c i_s 

(7.22 K « per m per annum) was der ived from browsers, and 15 percent 

(1.28 K , perm"" per annum) from carnivores (chapter 8, sec t ion 8 . 3 ; . cals ' 

This i npu t t o the Pyrrhosoma popjulation represented par t o f the 



product ion 03* the prey species. The f o l i o any aver- re values f o r 

annual oo_ u l t i o n product ion as a percentage of annual popula t ion 

a s s i m i l a t i o n (or not populat ion growth e f f i c i e n c y ; have been given 

f o r po ik i lo the rms : 

P 
x ICC = 

21 percent 'h . l lc : (1968) 

2f - r e n t Odum (1957) 

25 percent Te 1 (1962) 

I n some cases (as i n Pyrrjiosoma i t s e l f s e c t i o n i 4 « 2 e ) , net ov­

u l a t i o n rrowth e f f i c i e n c i e s w i l l be h i her, out the f i g u r e of 21 

percent, given by l o l l c y (1968^ r.s u t i l i s e d i n the present c a l cu l a ­

t i o n as a reasonable average f a r populations i n the f i e l d . 

Therefore, f o r the carnivore pro: of Pyrrhosoma, t o t a l a3simila 

t i e r . (K - ror m~ ~er annum) vas r iven by v c : , - j _ s - / o* 4 

-' .''c :: 10( 
—L 

I t may be assumed t h a t a s s i m i l a t i o n i s SC percent of con sum t i e : 

f o r most carnivores (chapter 9% t ab les 40 .n J (JL). Therefore, t o t a 

consumption by carnivore prey o f P3 rra.ooor^. . /as given by 

. y : ICC ICQ 7.6C iC . per m 
• — 

21 x 80 

Consumption by the carnivore prey of IVrrhosona was presumably 

der ived l a r g l y f rom bro'.jsers. Therefore , t o t a l browser pre 3 ic 

t i o n n suppor t ing 1 1 the rvrrhosorv popula t ion was: 

7.60 + 7.22 = 14.82 K n >er m -or annum. 
C'ls 
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S i m i l a r l y , asstoning t h t t l i s repre e r tcd "1 percent of the 

encrpy ass imi la ted by these bro .scrs, nd t h t a s s i m i l a t i o n .. s % 

percent o f con sum t i on, tot-^ browse? consumption was £iven by: 

U.S.? :: ICO 1C ™ , 2 
— — ^ ^ = ~;>5.3 ^ t per m er annul 

-JL Ca.lS 

Therefore , a • r c x l . v . t e l p " ° ; 1' , . : r • >sr annua ..ere ' * ca lo r i e s * 

consul ?d b j t ha t pa r t o f the pond's browser populat ions u t i l i s e d as 

prey bj the j r r j ic sc a ^opu la t io , e i t h r d i r e c t l y or v i a carnivorous 

prep. This : : v .. t i o n o f 235 •' , • e r m ~>3i* annum . ay be * - - ca lo r i e s * 

thought o f as snergy input a t the base o f the food chain "sup^-orting 

the Pyrrhosoma popula t ion (31eapalp t o t a l browser coi su p t i o i i pond 3 

was rea te r than 235 i i - / - r " per annum, since only ?art o f the 
ca_s 

browser popi l a t i o n s rare : ct orated" i - to the i-rhoseiaa food chain; 

I .. „ •' i 
T o t a l i n c i d e n t shortwave so lar ra 1' a t i o n at«*yrr ard (map r e f . 

12420:260) twelve miles (19*3 k ) south ..-est of Durham c i t y , bet ser. 

~ . v 1967 - 1 A p r i l 19CS las S a,72C ..... . per m per annu . i . . . . . . . 

hes pers co sa. 1968). 

- . - . . ~o Dst o f the pond, i t ] , 

j leoch i l s round the ed^es. uost of the tfri tary ^ i t i on i n pond 

as, t h e r e f o r e , probably due t o these iracrophytes, ..hich are usua l ly 

more product ive than phytopla I ton i n a s i m i l a r i t u a t i o n (..aVe-hah 

1965). Under these circumstances, net p r i aip product ion (II - perm per 
caJLS 

annum) was probably^ approzda.utel^ 0.5 percent of the i n c i d e n t annual 

so lar r a d i a t i o n . An estimate o f net primary reduc t ion i n pond 3 was 

t h e r e f o r e : 



Q21 7 C 
r I 

DC 
.; 4609 calJ 

..2 
pcz* m '^r lii-i-U; 1, 

I t was t he r e fo r e ^ossible to ca lcu la te the f o l i o i n j , -jercenta^es 

f o r the .. rg^ ' ' Lsed i * :• . . •- 1 0 a populatio: (al I E3 _ re 

i*. _ >er m per annum], ca 1 a * 

5: rrhc 3 2 u a l 
product ion as 2 percentage 
c f inc idar . t sc] ar 
_ a i i a t i o n be )ond ... 

921,72C x ICC = 0.0004 ercent 

Gonsumption ba, the bro 3ers 
3 of i ~ . Fc . 2 

In, as :entag 
i nc iden t so la r r a d i a t i o n 
to end 3. 

235 
921,72C x ICC = 0.026 oercent 

D i t t o , as a percentage of 
net primary product ion i n 
son I . . 

~ 2 >: 100 = 5 .1 percent 

- . -•' : , : 

t i o n , as a percei tape of 
net primary production i n 

o n i P, 
o :: ICO = C.C79 percent 

-.. a 
t i o n as a k ercentape of n" t 
primary product ion i n pond _ 

&41 
I, hQQ 

X 100 • 0.18 -ercent, 

Slearly the +p .vhosoma populat ion ..as u t i l i s i n g on l j a minute f r a c ­

t i o n c f the t o t a l i n c i d e n t so lar r a d i a t i o n t o per.1. i«ore s i g n i f i c a n t l y 

consumption bj .... browsers "support! g u the ... n-hoso. aa food chain 

(235 -- c a 2_ s p e r m " per annum) accounted f o r only 5 percent (ap^roxunately) 

o f net primary product ion i n pond Although Lids f i g u r e was obtained 

by a ser ies o f assumptions, i t at l e a s t suggests tha t the t o t a l energ 
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inpu t at the base o f the food chain 11 support ing 1 1 Pyrrhosorn; a 
extremely smal l percentage of r e t primary product ion i n pond 

14.3 DXSCU 3I0K 

Teal (1957) and T i l l - (1968} have provided a. ..-ro-d.-ate data on 

energy f l o . through populat ions of aquatic inver tebra te carnivores . 

Since t h e i r data .'ere obtained i r com l e t e cor u n i t : studies thev are 

ne i the r as d e t a i l e d nor as precise as the l a ta obtained f o r Pyrrhosoma; 

nevertheless , i t i s u s e f u l t o compare the nagnitude o f carnivore 

energy f l o ^ i n these freshwater communities w i th the f i gu re s f o r . p r i l c a ... 

i n pond 3. The i r r e s u l t s are pre enter! i n table 66. 31 ;arl" i n most 

o f these i n v e r t e b r a t e carnivores , t o t a l a.a.ual populat ion energy f l o w 

(-"efined as the sum of ? • R, or popula t ion a s s imi l a t ion ) • /as consider­

ably higher than f o r .1. rrhcsona. Total c i e r w „ i npu t (net ; r i ary p ro ­

duction plus imported organic matter, amounted t o approximately 3,000 

^Cals m ~ * o r " ° " r >.-'ring (Teal 1957}, ai 3 t o approximately 

9,5CO K - per RT per year i n done Spring* ( T i l l y 1968}. I n Root 
caJ-S 

Sprii g, the p lanar ian 2 nappe--.t? as the only e x c l u s i v e l y predatory 

animal, so t h a t i t i s not s u r p r i s i n g t h a t annual popula t ion energy f l o w 

i n F\ a.. • ' 3 g] ' 1 tha f o r ; i pond >, i ] h i c h 

Pyrrhosoma ras only one o f a number o f carnivore species (see Appendix 2 ) , 

I n Cone Spr ing, the number of carnivore speci s .. pre - t o r than i n 

Root Spring, but t h i s number ••'as s t i l l considerably less than i n pond 3. 

Further , energy i n p u t t o the sp r ing was approximately twice t h a t i n 

pond 3, Under these circumstances, i t i s not s u r p r i s i n g tha t energy 

f l o w through most o f the carn ivore populat ions i n Cone Spring was higher 
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than through the Py 1-rho.30r.-a popula t ion i n pond B. o fever, i t 'see 

suggest t h a t the importance o f Fyrrhosoma i n pond , measured i n terms 

o f i t s c o n t r i b u t i o n t o t o t a l community energy f l o i ras cons ide r s l y 

less than t h a t achieved by a number of aquatic inve r t eb ra te predators 

i n approximately comparable s i t u a t i o n s . 

rhe work o f 7a: .note (1963) on the small-mouth bass i s the only 

other comparable study on a s ingle species o f aquatic carn ivore . Pro-

i c t i on by t he bass , the main predators i n a eut rophic stream, amounte 

t o 1.48 K , e r m per annum, r a the r less than the f i g u r e found f o r cals ' 

.;. • a a. Fi r t h e r rork i s required on the magi : vude of ca: I v o r e 

energy7 f l o w i n d i f f e r e n t aquatic h a b i t a t s . 

Popul t i o n data, based on changes i n the numbers o f iyrrhosoma 

larvae per m~ s j e s t e d t h a t the f i r s t and second years o f study ere 

qu i t e d i f f e r e n t . Monthly changes i n po_ Jlatio n energy, f lov / , annual 

m o r t a l i t y losses , ecologicaJ e f f i c i e n c i e s and P/3 r a t i o s (see sections 

1 ' ,2b- Q; were also d i f f e r e n t i r the two years . I n v iew of these 

d i f f e r e n c e s , one o f the most s u r p r i s i n g fea tures of the study .as the 

s i m i l a r i t y between trie two pears i n t o t a l an ua l popula t ion e; e r ^ 

f l o w . T o t a l x>-relation coa sum t i o n (K - . r a , " per year) was - * - ca lo r ies * 

v i r t u a l l y i d e n t i c a l i n 1966-67 and 1967-68, w h i l s t annual popula t ion 

product ion and r e s p i r a t i o n ere vera s i m i l a r (sec t ion /...2b and f i g 34] 

Annual popula t ion consumption i s a very u s e f u l measure o f the i ipact 

o f a predator i n an ecosystem, and i t appears tha t the e f f e c t , or impa 

o f Pyrrhosoma i n pond 1 i n the two years ras v i r t u a l l y i d e n t i c a l , des­

p i t e d i f f e r e n c e s i n popula t ion adynamics. This could have important 
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Ijean 
K3r n O i kin. 

ecj BS Group pop 
3 

- cals / 
pop. 

• ergy 
£Lo r 

. .uthor 

F la t} helininthe s 131.2 
i 

113. L IP "7 • r e a l 1957 

Pentaneura Shironomidf e 5.0 202.9 86.4 116.5 

Phs -oc-.t' Pla t y helnunthe s 126.1 32.5 or 
114.5 / -

13.8 

. 2 l e i d A Dipter , 0.15 5'-.6 9.2 'v3.6 

Heleidae T i l . - ': ' : . Heleidae 
Hele id 3 0.02 - • 0.5 1.2 

iode.s . 1 -/r 3.6 2 0 . 9 2 .8 1 8 . 1 

t us Goleopter* 0.26 11.0 3.6 n i . : 

"Tendipedid 
R.3!« CUiiroi ojnidae 3.5 1.5 2.0 

Percent ge c • f IODUI t i o n s 
i n which the above 
f i gu re s exceed those 43. 75'/- 5a- 75,-
found f o r 7; r r l . : s c 

Ta>le 66 Znergj u t i l i s a t i o n by populat ions o f aquatic i nve r t eb ra t e 
carn ivores , f o r comparison w i t h the data obtained 
f o r Ryrrhosoma. 

# * Production estimates inc lude mucus. 
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con-.cqu^r.ces f o r s* idles attempt i i j be e l c idate the r o l e or car i v o r e 

s j oc s based o r l - on po^ l o t i o n numbers* 

Sco log ica l energet ics s tudies extendi] w f o r - r i ods of longer than 

one \ear are r o t v->t s u f f i c i o r i t l y common to sal ./hether the data f o r 

> . - „ L oi . _• t ; , ; ; • 

consumption fcQ? ̂ rasshoov rs ( l a r p l e y Delano, l u s ' h 195$ . . 1 I96C Ln an 

e l d f i e l d amounted t o 4.. 78 and 2.64 . . >or n - •? sar. Jc . . . -
ca lor ies *• 

t i o n bj s ; i t t l e b u g s (Fh i l aenus ) i r the sa e b;jc -ears coun ted to 1.0 

• 3 ^ C £ l o r i e s m Per • ear, ( i e^er t 1964) . ^? ra A (1966) 

(1966) found t h a t t o t a l populat ion a s s ind la t i on i n another w r a shopper 

v-' 'ed, mc ) . 6 1 . ca lo r i e s * 

per -ear i n 1964 and 19&5 re spec t ive ly , I L e a r l y , f o r bhese three 

herbivore pc 1 t i o n s t o t a l populat io energy f l o \ r ias not constant i n 

tvjo consecutive years, Ho./ever, . a i t o (1967;, s tudying a l ip lopod 

v- . , ~ * :" .t .11 . toi . _ 1 t i c f l c r i ~, ' . - ' 5 

and 1966-67 -/as not i d e n t i c a l 1 i t ras : ore s i m i l a r than the v a r i a t i o n 

i n popula t ion numbers, suggesting t h a t the populat ion may have been ..ore 

s table func t iona l1y than numer ica l ly . Unl ike the present study, - a i t o 

also found t h a t e co log i ca l e f f i c i e n c y i n the two consecutive ;'3ars was 

v i r t u a l l y i d e n t i c a l . F i n a l l y Hurt (1966} found t h a t annual product ion 

\ * bro( brout .. a V T e l i r u s f out in.- . l is var ied \ only 1;> percent 0 -zr 

si.- 'ty consecutive months, suggesting remarkably s table energy u t i l i s a t i o n 

by the .̂ô  l a t i o n , s i m i l a r t o the s i t u a t i o n i n - „ / . I O : Q . I . : , . I t i s bhere-

f o » e possible t h a t carnivore o v u l a t i o n s and herbivore or iecompos r 

populat ions may d i f f e r i n t h e degree o f s t a b i l i t y shown by fchem i n t o t a l 

annual ener^" f l o v / . 



_ ?7Q -

Very few eco log i ca l energetics s tudies have analysed the r e l a t i v e 

importance of temperature and populat ion bioma s changes i n c o n t r o l l i n g 

seasonal changes i n energy f l o w \ j i t h i n one year, \ a l l (196?) found 

t W 3 size : re o f the populat ion i n ha1--si a had more i n f l u ­

ence cr: annual energy f l o than temperature, the exact opposite o f the 

.11 ... 'C ' „ • " s e f f 

c f populat ion bio.-ass change on popula t ion energy f l o w i n the salt-marsh 

grasshopper Crehelimum. Feak populat ion >nergj f l o w i: the grassho^.; r 

l i d not coincide w i t h iriaximum biomasSj but occurred ..hen the popula t ion 

..as con;, osed of a medium number of medium sized nymphs a l l g r o w i g 

r a p i d l y . - . is vas ver} s i m i l a r to the s i t u a t i o n i n i.yrrhc--c ..... rhe 

t i m i n g of peak and minimum energy f l o w i n inve r t eb ra t e populat ions (see 

also ..ie, c-rt 19-.'*, 1965) and seasonal changes i n populat ion energy 

u t i l i s a t i o r 3ue tc changes i n popula t ion biomass and h a b i t a t temperature 

would repay f u r t h e r d e t a i l e d study. ?or example, there i i l i k e l ; t o be 

a major d i f f e r e n c e i n the e f f e c t s c f L e '_-era t i re between those p o i k L l o -

therms t h a t show complete metabolic a c c l i m a t i s a t i o n and those, l i k e 

yrrho:'-o-:a, t h a t show only p a r t i a l or no a c c l i a t i s a t i o n t o temperature. 

Low temperatures arlcedl^ lepressed metabolic ra te i i 1";, r rhoscra , 

so tha t t o t a l popula t ion cc s a . t i o j : ar.d ener^ f l o . dur ing the w i n t e r 

..•as extremely low ( f i g 25/ . - re i s ?v: V:/ ce to su w w os t t h a t prey 

capture dur ing the w i n t e r was .'.ore d i f f i c I t than a t ether times both 

from the lov; w in t e r f i e l d f eed ing rate/maximum feed ing ra te r a t i o , 

imply ing a lo.&r prey densi ty (chapter 12, s ec t ion 12.5 and f i g % ) , and 

f rom the l a rge number o f extremely smal l p re j i tems ( c h i e f l y us t r ace ia) 
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i n f i n a l i n s t a r faeces dur ing the win te r (chapter 8, sec t ion 8.2d arid 

t ab le 27 ) . I t may t l i e re fore be argued t h a t the l a c k o f metabolic 

a c c l i m a t i s a t i o n t o ; i r a t u r e i n . ' i / n .: ,vas ai advantage i n tha t 

the energy demands o f the popula t ion ..ere lowest ./..en food was most 

d i f f i c u l t to o b t a i n . Evo lu t i on of marked temperature a c c l i m a t i s a t i o n 

i n poik i lo therms may be associated, a t l e a s t p a r t i a l l y , w i t h an adequate 

winter food supxuly. 

The r a t i o o f product ion to biomass (P M r a t i o ) or populat ion " t u r n -

over' 1 i n J-r/rrhosoi.ia /as t y p i c a l o f the values found f o r most organisms 

w i t h a l o n ^ generat ion t i n e . l«ann ^ o r ; . comm I967) reported * • 

r a t i o s of up t o 3.5 f o r organisms completing development i n two or more 

years; r a t i o s between 3«2 and 6.5 f o r those ieveloping i n one year, 

and r a t i o s between 5 .1 and 11.5 f o r organisms w i t h more than one genera­

t i o n per y rear. * / - r a t i o s between 2 and 4 ~re t y p i c a l o f many aquat ic 

- " >ebra [G j j 196 .... . 1 J a i l 1956) . sod and ( I967) 

obtained a value o f 2 .2 i n the c r a y f i s h Zh rax . The precise r e l a t i o n ­

ship between popu la t ion production and mean generation time requires 

f u r t h e r i n v e s t i g a t i o n . 

Jons i je rab le a t t e n t i o n has been paid i n e c o l o g i c a l energetics studj.es 

to eco log i ca l E f f i c i e n c y . * ^ lobodxin C^-?59, 1960, 1964) has argued 

t h a t i n genera l , e c o l o g i c a l e f f i c i e n c y w i l l be found t o l i e between 5 and 

15 percent. A number o f eco log ica l energet ics s tudies on one, or a 

* Def ined by Slobcdkjn (I96O) as the steady s ta te r a t i o o f y i e l d t o 
ver food J id by _ • . . 
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group of species, have tended t o conf i rm bh s p red ic t ion . .an gal ann 

(1961) , Ik l g ( l ' ] , i^ann [ >5;, (i< 7 ) , b ( 1 9 6 - , . 

S i m i l a r r e s u l t s have been obtained by consider ing the eco log ica l 

e f f i c i e ] •; o f dhole t r o p h i c l eve l s e.g. .•o.l c v > ' : (1966;, '-da., ( 1 9 5 7 ; , 

r a t t e n (1959) . 

U t i l i s a t i o n of the term eco log ica l e f f i c i e n c y f o r both s i n g l e 

species populat ions and ..hole t r o p h i c l e v e l s nay give r i s e bo some con­

f u s i o n . I f , as j l o b o d k i n s iggests, e co log i ca l e f f i c i e n c y can be equated 

w i t h Lindeman 13 "Progressive S f f i c i e n c y " (Lindeman IShZ), - err. s t r i c t l y , 

eco log ica l e f f i c i e n c y should hp. appl ied only t o an e n t i r e :»rophic l e v e l . 

However, the experimental work on which 31obodkin based his ideas o f 

eco log ica l e f f i c i e n c y (J lobodkin 1959, 1964) -~> c a r r i ed out using i ng l e 

species popu] i t i o n , though i n a "ay t h a t s imulated complete ecosystems 

and vjhole t r o p h i c l e v e l s . I t may indeed be true t h a t the eco log ica l 

e f f i c i e n c y o f an e n t i r e t r o p h i c l e v e l w i l l no t u s u a l l y exceed 15 percent , 

ho ever, the e c o l o g i c a l e f f i c i e n c y o f a t r o p h i c l e v e l i s the mean of 

the e f f i c i e n c i e s o f i t s component species popula t ions , p r i o r i , s ince , 

i n d i v i d u a l net growth e f f i c i e n c i e s ( I v l e v 1 - 1 0 , : r the r .ei .< of jr>:.th to 

assimation see sect ion 1 4 « i a ) can he as h igh as 50 - 70 percent ( I r o d v 

19451 . inber? 1956), there appears to he no l o g i c a l reason toy the 

ecologica l e f f i c i e n c y o f a s ing le species go u l a t i o n should "iot be much 

higher than I S percent . This i s p a r t i c u l ; r i g true i ] :. popula t ion o f 

i n d i v i d u a l s a l l w i t h a h igh net growth e f f i c i e n c y , and a high percentage 

" s i m i l a t i o n . 

^teele (1966) reported an e c o l o g i c a l e f f i c i e cy o f 1C percent i n 



a p r o v i s i o n a l estimate Tor ho le t r o ^ d e " *vels i n the Eor th _ 1+ 

i s s u r p r i s i n g bi Lt i co lo^ i ca ] c l f i c i e n c i f o r single sr-ecies popula­

t i o n s i n excess o f 20 percent have not y t been repor ted (excluding 

those cases confused by i« ^ r a t i o n e . j . ; r'• 196/j.). Die two ^ i ^ ire 

obtained f c r I„ •-vr,ho.v >• a o f 35«2 3 18.3 perc i t , t he re fo re appear t o 

be the highest ye t recorded f o r s ing le species fc.opulatior •.. Fu l i r e 

.«jork w i l l probably provide f ar ther s i m i l a r 3xa k . l o3 . 

Despite the a t t e n t i o n i t has rece ived, e co log i ca l e f f a c i e i cy i s 

i n many ways an unsa t i s fac to ry concept, i nco rpo ra t i ng two qu i t e l i s t i n c t 

com onents both i n t e r e s t i n g :b the-- selves, bnt no t mutually 3e i:«endent 

i . e . populat ior gro t l i e f f i c i e n c y , and the propor t ion of populat ion 

production " l o s t " i n m o r t a l i t y . Population growth e f f i c i e n c i e s ' l o r e 

would appear t o be a more sa t i s fac to ry hasir on which t o compare energy 

t ransformation by populations* 

Gross popula t ion growth e f f i c i e n c y (the r a t i o of populat ion pro?? 

luc t ion t o populat ion consumpti.cn) ie ends on two f a c t o r s - the e f f i c i e n c y 

of a s s i m i l a t i o n , and the r a t i , o f populat ion production to populat ion 

a s s i m i l a t i o n , (o r ne t popula t ion growth e f f i c i e n c y ) . 

Grross populat ion g owth e f f i c i e n c y i n . y r r j . ounted t o lj.6.5 

and 42.C percent i n the two years o f study. This i s considerably i n 

excess o f e f f i c i e n c i e s previously repor ted , which have not normally 

exceeded 15 percent ( e . g . fti-j.nr, L965, - . : to L96?, i 1966 . . i e / a r t 

1965). This excep t iona l ly high gross populat ion grc rth e f f i c i e n c y 

shown try Pyrrhosoma //as la rge ly 1 le to a h igh percentage a s s i m i l a t i o n , 

since net popula t ion growth e f f i c i e n c y , although h igh , was not except iona l , 

http://consumpti.cn
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being matched by t h i r t e e n o ther species populat ions (see t ab ic 67 ; . 

However, f o r many inve r t eb ra t e specie.., . net populat ion growth 

e f f i c i e n c y o f les3 than 30 percent i s more usual (see f c r example 

the tables summarising the ava i l ab le data on popula t ion consumption, 

A r educ t ion and r e s p i r a t i o n giver b ;^n.?elmonn 1966« 1968, l o l l e y 196S, 

and J gj g j r t d v "I ?5?^ . I t i s not i adle bely obvious vihich 

f a c t o r s sc. rate those species •••1th •. VA Jo yh ô  :1 . t i o n grovth 

e f f i c i e n c y ( t a b l e 67) f rom tho.-,c f i t h ? much lower e f f i c i e n c y ; the 

p o s s i b i l i t y of there being an inverse re la t ion.shi p between m ovu la t ion 

gro-jth ef f i cieneg -r.d. ass i i r i l l a t ion ef f5 cie]" ?/ as suggesL.ed bQ Dduj 

j .' i2 (195?/, b t t h i s has ot \ t e 3 - mined i n d e t a i l , (oee 

also the /fork of . .e I ch 1968 on ind iv iduaJ growth aval a s s i m i l a t i o n 

e f f i c i e r c i e s l i scussed below). 

Populat ion growth e f f i c i e n c i e s (Cross and Met] are the a s o f 

the i i i i v i d u a ! growth e f f i c i e n c i e s o f the members o f the popula t ion ; 

i t i s t ere f o r e convenient at t h i s po in t t o consider i r ! i v idua ! gro./ th 

efficiency'" i n Pg r-ySiOsor :.. P^esults rfere presoi ted i section 14«la and 

h. I ross i n d i v i d u a l growth e f f i c5 encj (K^) during complete development 

was a^yroxim t e l y 43 i r een t ; net i n d i v i d u a l growth e f f i c i e n c y (ICp) was 

higher , approximately 49 percent. The maximuui value obtained f o r 

gross i n d i v i d u a l growth e f f i c i e n c y (1^ ) _s 59.6 e r cev t i n Ju ly o f the 

second year o f l a r v a l l i f e ( f i g . 33,• This i s close to the maxi urn 

value l i k e l y to be achieved by est organisms (Brody 1945) • A very 

h igh i n d i v i d u a l net growth e f f i c i e n c y (approximately 70 percent) was 

noted by Eischer (1967a) i n the la rvae of Lestes s. .unsa. 

The h i g h i n d i v i d u a l growth ef f i e r i snciee o f I l r r h o s o i a and -̂e .to; 



Author Speci es b : on 
Production 

P 

. 
bj n 

Assimi] a t ion 

A 

I 
P o p u l i t i o n 

Ore. rth 
I f f j ci sn cy 
% -100 

ur s 2.61 5.6^ 46* 
(Go] 

2.61 5.6^ 46* 

Qasra-wi (1Q661 31 t 0.35 
0.21 

0.68 
C . ':-C 

50. % 
52.1.. (GrasshO| per) 

0.35 
0.21 

0.68 
C . ':-C 

50. % 
52.1.. 

ad bo S 967' J . on : r i a £6.9 
3.0 

57.8 
1.5 

46.5,. 
49.& (Dn-loooda) 

£6.9 
3.0 

57.8 
1.5 

46.5,. 
49.& 

Teal (1957} n i i u 
(. tollusea) 

81.8 172.7 '7.4-

T i l l y (19681 sa 169.4 205.4 82.5.x 
(Kollusca) 

169.4 205.4 82.5.x 

Pent., sura 
C 'i m di^ s 1 J h 

86.4 20?. 9 42.6.. 

v - :.v-
(A n e l i - ; 

'-'..? 71.5 60.Q£ 

3alo sectra 
(1 sleidae) 

6.4 13.7 46.'$ 

. . . . 

(Annelida) 
1.2 • - • — 54.5.-

jory_ ] - i n 
[ ' . 2 Li 3 3) 

0.9 2.1 4-9.-

. j r i coins 0.7 1.6 43.8^ 
(?s j chodidae) 

0.7 1.6 43.8^ 

^h- e • • 
(3 o l lusca) 

0.6 1.0 60.CS 

, . i" : ',. - r - 158 290 54.: 
[1967] (Cray f i sh ) 

158 290 54.: 

resent budy r r 3.94 7.61 51. a. 
47.5. (Oder ta^ 3.59 ZOO 
51. a. 
47.5. 

-1 ' l e 67 , t i o r grovrth e f f i c i ency-
has exceeded 40 percent . 
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may be a t t r i b u t e d , a t l e a s t p a r t i a l l y , to t h e i r hab i t of remaining 

motionless (as do most 0&om t a larvae) f o r long periods; the energy 

ex-ended i n movement i s the re fo re minimal , and t o t a l metabolic r a t e 

low. Ddonat larvae do no t ?. pe r to osse s a f a t body (Corbet 1962). 

i 'him (I968) has compared f a t reserves to a "work loop 1 ' i n carnivores 

p rov id ing energy requi red f o r a c t i v i t y i n captur ing the next meal. 

Cdonata larvae do not need t o expend a great deal of energj t o capture 

prey, but remain .ot ionless and wa i t f o r prey to swim past. I.or d id 

Ig- rrhssorea normal ly appear t o spend long periods without food (eh p te r 

12 end t ab le 54) . Therefore , absence of a f a t body, low metabolic r a t e 

ard h igh growth e f f i c i e n c y may be i n t i m a t e l y r e l a t ed t o the method of 

hunt ing evolved by Cdonata la rvae ; a method which seems to be very 

economic i n teres of e rorpy u t i l i s a t i o n . 

e lch (1968] .] mlysed the r e l a t i o n s h i p between the i n d i v i d u a l growth 

e f f i c i e n c i e s o f aouat ic animals measured i n the Labor a tor" (K, end KU) 
a <c-

and percentage a s s i m i l a t i o n . 3oth gross and net growth e f f i c i e n d e s 

i n ryrrhoscm: ere considerably h igher than the values predic ted f rom 

elch using the a s s i m i l a t i o n e f f i c i e n c y o f 87 - 88 ereent (see t ab l e 

6C) observed i n 1 yrrhosoma. The e c o l o g i c a l im ortance of the r e l a t i o n ­

ships noted by .elch requires f u r t h e r i n v e s t i g a t i o n ; however, i f the 

r e l a t i onsh ip s are found t o be v a l i d f o r a l a rge number of species, then 

the apparent exceptions ( o f which 1 yrrhesom • ,y be one) may be o f 

gre t i n t e r e s t . 

The a l t e r n a t i v e method o f comparing the f a t e of s s imi la ted energ; 

at the popula t ion l e v e l , the r e l a t i o n s h i p between the l o g of po u l a t i o n 

product ion and the lor* of populat ion res i r a t i o n or "Sngelmann l i n e " , 



- 86 -

was also examined i n the present studs ( sec t ion 14. <e). Data from 

many aquatic s_ ocies seem t o f i t reasonably w e l l t o the l i n e ca l cu la t ed 
f o r 

by .-InrelT.inn ( 1 9 6 6 ) / t e r r e s t r i a l eoik i lo thcrmc ( f i r j 37,, thcaaah i t -

f rom ?- : Those— s r e l t i v e l j poor f i t , However, 3i ^elmann had 

compar t i v e l y few . i n t s t l a r_r production l e v e l s . Add i t ion of a 

number of tud ies not v a i l >le i n 1966 C - l ey 1967; r .1 19663 

. i t - ' ? c r ; i e g e r t 1965), suggests t h a t the slope of the l i n e f >r 

poilcilotherms may be greater than the value o f C.86 uhich SngeLrann 

found. This steeper slc_ a would b r i n g the date f r 1': rrhoso : 1 uch 

closer t c t l t f other po ik i lo the rm studies* ' • ever, i t i s c lear 

t ha t the s ca t t e r about the l i n e r e l t i l . - l o g popul t i e r , reduct ion to 

l o g popula t ion r e s p i r a t i o n i n o i k i l o t h e r n s i s 1 rge, hat ever i t s pre­

cise x > s i t i o n . ' ever theless , t ha t f a c t t h t the r e l bionship e x i s t s , 

and appei rs t o be s i m i l a r f o r both t e r r c s t r i 1 and cua t i c po ik i lo ths rms 

i s af pre t t- a : r e t : c 1 int.ere t . 

The f i n a l c a l c u l a t i o n • t t c ted f o r :aaa:ca^ i r ond c to 

est:..ate ?~-rrhos ~ a o_.ulr t ion ergy f l o w is rcentage o f incoming 

so lar radJ t i o n nd net arimary product ion . (Sect ion L ' + . . I f , . 4*nnual 

-reduction by Pyrrhosoma amounted t o only C.G004 5 r cent af the t o t a l 

i nc iden t short wave r a d i a t i o n bo pond This ..aa very s i ' l i a r to the 

f i g u r e o f O.GOC -V percent found /annohe. C'9^3) f u r the re la t ion ship 

between t o t a l an u a l production of smal l - outh bass and i n c i d e n t r a d i a ­

t i o n to a small ei br j h i c brea . 3oti •. a • d bhe ba . ..red 

to occupy a s i m i l a r p o s i t i o n i . the food ^ebs of the two ecosystems. 

Other r a t i o s presented i n sec t ion I V . - - - a"" ?o suggest t h a t the enei-Q 
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u t i l i s e d by ?: - . - h a \ • : t r \ LI src€ ' ge the >r~ 

en te r ing pond •. i . c - L ;vigr. : if ic^ h : • bl a f e e t t h a t the gstimated 

cor-sumption bj the browsers "sup^or t i^g" th* ; r rho - • Pood shair 

on ly a c c e n t e d f o r a ^ r c x j t e l y 5 resist o f net prfcaatfj . r educ t ion . 

Ehis ra ises a nu bcr o f i n t e r e s t i n g problo a ..bout the fac tors 11 i t i i ^ 

energ; i n . u t t o t) e by r r h -a a.-a ; _ 1 t i o . 

- ther energy i t i l . sing patfe-jay;. o— . r l j accounted f o r some of the 

re- a in ing 95 percent : f net >rimary productior ii< pond - . The only 

sxact data c * . .oint t ha t of ]_rj t r i v i ; : . ] V Ase l lus , 

..hach f a r e ] the basis of an e n t i r e l y independent energy f lea ; ^_th.a.y 

i t h i r the : n ; (see chapter 8 ) . F i t .pa t r i c l - fc t 3 ' . t the "_: is 

populat ion i n fc.ond J a^si 'Ha ted S?.4 per . ~ sr year* Since 

.s equal by a'"ir lant 5J ponds a and J, i t was reason b l e t o 

as • t< a t t o t a l a. n u a l '.so?-"!us energy f l o w i n these two adjacent ponds 

was approximately si l i a r . l a i d g . s i m i l a t i o n e f f i c i e n c ; o f 30 

percent* t o t a l annual ..::. .b:.- cons motion amoui ted to a'; Least ICC - -

per m per annum. i s f i g u r e , i n combination . . i t h the consum^tior 

... the base of the .., r r LOSQ a fo \ chain, * f c r approxi ate!} 

10 percent c f ne t pr:' \ - \ product ion i n pond u 

^ome of the remaining net _ r i larj roduct ior ./as probably unu 1, 

and cont r ibute ' 1 t o the successions! accural t i o n of organic debris i n 

the pond bottom. _y f a r the "abb c f net primary production, ho ./ever, 

"./as probably u t i l i s e 1 by l icro-organisms, p a r t i c u l a r l y ag ' a t i c f u n g i 

and bac te r i a . I n some aquatic ecos; /teas, bac te r i 1 rcs_ i r a t i on .ay 

he extremely h i g h (Cd.a:. 1957, Teal 1962, '2i Z 1 9 6 8 ) . _?c under . 1 
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the f a c t o r s c o n t r o l l i n g the H v i s i o n of the pond's n r g j resources 
between a l l the c r ^ u t i l i s i n g roce ses \d th in the ^.ond ecosysts 
i s a problem extending beyond the l i m i t s of the present s i and c f 
eeo] c j i c a l energet ics , and embraces b] 3 .vhole o f ecology. 

file:///dthin


Pat tern o f montl i ly energy u t i l i s a t i o n f o r growth, 

r e s ^ i r a t i o n , exuvium product ion and faeces as a 

percentage of monthly consumption i n an "average*1 

i n d l : I tal rao-oma l a rva throughout develop­

ment i g the f i e l d . (Pooled data fro.-, a l l : e a r 

classes i n ponds 3 and F ) . 
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Annual popula t ion energy f l o w diagrams f o r 

Fyrrhoso ., larvae i n pond - i n two consecutive 

ye rs o f study ( Ju ly 1966 - June 1967 and 

J u l y 1967 - June 1968). 

2 = Consumption 

A = A s s i m i l a t i o n 

R - Respi r a t i on 

? = Production (Growth; 

Ev = Exuvium product ion 

F = Faeces 

A l l as heals per m per year . 
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Changes i n t o t a l monthly Fyrrhosoma popula t ion 

consumption (.1 cals per m per month) i n pond 

3 i n two consecutive years of study, w i t h the 

c o n t r i b u t i o n s o f the j u n i o r and senior age 

classes d i s t i ngu i shed . x.ean monthly pond 

temperatures are a lso shown. 
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F i g , 36a. L o n t h l y Fyrriiosoma popula t ion con^uiiption, p l o t t e d 

against mean monthly temperature i n pond 3. The 

calc l .ated regression i s presented i n sect ion 

14.2c. 

36b. Monthly .;, rr] .oso ua populat ion con3aru p t i o n , 

p l o t t e d gaj 3t ?a _ t h l j ^ so a 

popula t ion biornass i n pond 3. The ca lcu la ted 

regression i s ^.resented i n . e c t i o n l_4.£c. 
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The "Sngelmaim regression" f o r t e r r e s t r i a l and 

s a l t marsh po ik i lo therms , on which data f o r 

. t i c p o i k i l o t h e r [±i . „ .-rhosoma) 

have been s i;:erim^osed. ~ee t e x t f o r d e t a i l s . 

Numbers on the f i n i r e r e f e r t o the s tudies l i s t e d 

i n t ab l e 65 • The do t ted l i n e s er.close the 

v a r i a t i o n about the l i n e i n the i n d i v i d u a l j o i n t s 

observed by ^n^elrnann, and are not the 95 percent 

confidence l i m i t s . 
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Shapte* 15 

This f i n a l chapter deals w i t h some general problems r a i sed dur ing 

the course o f t h i s work. A sect ion o f discussion was presented a t 

the end o f each chapter: chapters 7 to 10, 12 and 14 deal s p e c i f i c a l l y 

w i t h a number of important e co log i ca l energetics problems. 

I n two qu i t e d i f f e r e n t ways, the energy f l o w through the popula­

t i o n of I?, rrhoso .ia l a rvae i n pond - showed remarkable s t a b i l i t y . I n 

chapter 8, i t was shown t h a t throughout l a r v a l development, ryrrhosom 

i e r i v e d approximately 85 percent o f i t s energy f rom browsers and 15 

percent f rom carnivores . I n chapter 14, i t was shown tha t t o t a l pop­

u l a t i o n consumption was i d e n t i c a l i n two consecutive years of study 
2 

(a* ro i ima te l " 8.5 ^ -er m*" .er annum). Nei ther of these aspects v * 4 cals ' 

o f f u n c t i o n a l s t a b i l i t y w i t h i n the pond ecosystem .;ere apparent f rom 

a more s u p e r f i c i a l analys is o f the number of prey items eaten, nor 

f rom the numerical changes i n abundance of I ; , rrlvoooma I n the pond. 

I t i s p e r t i n e n t to ask what f a c t o r s ./ere responsible f o r t h i s 

f u n c t i o n a l s t a b i l i t y , and whether i t s two aspects were i n any way 

r e l a t ed . The e f f e c t s of a l a rge number o f a l t e r n a t i v e energy f l o w 

path ys w i t h i n an eco log i ca l system QgacArthur 1955) ~re discussed i n 

chapter 8: undoubtedly t h i s had an important e f f e c t i n s t a b i l i s i n g the 

pa t te rn of energy f l o . / throughout l a r v a l development. The l a rge 

number o f a l t e r n a t i v e pathways througjh which the Tym •". cvo a pep GLation 

received i t s energy supply was probably a lso of great importance i n 

ensuring s t a b i l i t y of energy f l o w through the J L r v a l popula t ion i n two 

consecutive years , since t h i s would tend t o make the popula t ion indepen-
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dent o f changes i n the a v a i l a b i l i t y of anj one prey species. To t h i s , 

ex ten t , t h e r e f o r e , the two aspects of f m o t i o n a l s t a b i l i t y were r e l a t e d . 

Ka i r s ton e t . a l . (1?60; and ^lobodJdn e t . a l . (1967) suggested 

t h a t carnivore populat ions are usual ly energy l i m i t e d . The data o f 

'^i j ' j -lv (1967) T i l l y (1966) . 3 - j a i t . a l . (1968) tend to 

support these conclusions: under these circumstances, s t r i c t l i m i t s 

on the energy ava i l ab l e t o each carnivore species w i t h i n the community, 

imposed by s t rong compet i t ive i n t e r a c t i o n s between carnivores may be 

i n f e r r e d . The data obtained i n the present study are consis tent w i t h 

the hypothesis t h a t the energy ava i l ab le t o the fyrrhosoma popula t ion 

was l i m i t e d , constant i n the two years of study, and t h a t the ?yrrhosoma 

popula t ion made maximum use of the l i m i t e d energy ava i l ab l e t o i t . 

This simple hypothesis ra ises a number of problems. Seasonal 

: Jiges i n 1 o_ C a t i o n energy f l o w i n pyrruospma ..ere p a r t i c u l a r l y i n f l u ­

enced fcy the dens i ty o f ava i l ab l e prey, pond temperature and rvrrhosoma 

popula t ion biomass (chapter 14, sect ion 14 .2c ) . The ^recise r o l e o f 

each of these f a c t o r s i n the r e g u l a t i o n of annual popula t ion energy f l o w 

was not i nves t i ga t e : ] . Ho ver, the r e g u l a t i o n of Pyrrhosoma l a r v a l b i o ­

mass i s the f a c t o r most l i k e l y to be invo lved i n the l i m i t a t i o n of 

.,. --rhosoma o p u l a t i c n energy- f l o v : u„ competi t ive i n t e r a c t i o n s w i t h other 

carnivore popula t ions . Cont ro l o f l a r v a l biomass i s i t s e - i f c losely 

l i n k e d . . i t h the mecha s o f popula t ion r e g u l a t i o n i n o r r losoma. 

The f u n c t i o n o f adu l t t e r r i t o r y i n Odonata has been discussed bw 

Corbet (1962) Corbet e t . a l (196C) j • • (1955), -on (1964) *~ore 

(1952, 1953, 1957, 1964) and Wynne-Bdwards (19*2) . One important e f f e c t 
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of a d u l t t e r r i t o r y i n Oionata ' i h t be t o l i m i t 2gg i n p u t i n t o t l ie 
h a b i t a t , thereby placing a c o i l i n g on l a r v a l numbers, ..coro (1964) 
sho ed t h a t there was an upper l i m i t t o t^e 'en-:' v o f adul t male 
Odor?.ta (and hence t o ovi^ o s i t i r g females) t h a t could e-d t i n any 

one area. F - r -.. t h j --r 100 

of ond edge. ,*r. ~\_ r l i m i t on egg inpu t ho the h a b i t a t , however, 

i s only v ne possible popula t ion regi.il t i o n mechanism* j acaj ( I964, 196;-

b ,c , 1966a) s 3 ted bh b l a rva ] 0 i l l a t i o n reg Lation i n ... rrhosoma 

nay be ichieved by the number of s-.dtv l e " f i s h i n g po in t s " ava i l ab le 

to the 1 rvae. 

The ./or - o f Eo l l inp ; ; 9 6 I , 1966] nd ' g - cksen eh. a l 

(1963) sho 3-1 the im orh -e of t ^ey - lensi t j on rates of co sumption and 

t o t a l energy f l o w i n carnivores . _:'.rvae t h a t Tor. some reason re 

forced t o occ ' ' f i s h i n g po in t s " vjhare the e Ffec t ive prey -tensity i s 

too low to provide enough food "or , - i " ~ V-i\---.ce presumably lie o f 

3 t a r v r t i o n . A l t e rna t ive? y , larvae occrapying " f i s h i n g fcoints" w i t h i n 

the pond • nere e f f e c t i v e prey 3en~^tu i~> v o r h i g h >/jould show eorres-

'r»n i i n ?lv h j ~h consumption :tnd rowfch pat*3. I n t e r s * c i f i c con ©tn t i o n 

could play an important a r t i n b o t a l l y r-c -di"-.g -,. •"• • ' •- l . r v 3 

f rom " f i s h i n g po in t s " i n _ r t s »f t l je on \ This i consistc t 

the observations on l a r v 1 d i s t r i b u t i o n i i s or • [chapter 5)j. ? • i t h 

the reported niche d i f f e r e n c e between is oci h i or 3 of several 3A ca 3 

o f Odcnal b i t a t (2!or. -.ondy 1 " ' '.; -. - " .... 1\ 

I n t r a s p e c i f i c competi t ion might be expected f o r . • •.: able " f d s h i g point 1" 

. . I t h i n those par ts of the pond occ pied b„ 6 . -.a (2-Iacan 1965 b, c ) . 

http://regi.il


- 2Q~ -

- os t of the above ideas are s t c u l a t i v e : they do, neyerthele s s , 

suggest ways i n which nu bers 1 hence .., o;or;a biomass may be 

l i m i t e d i n resp onse t o a l i m i t e d ava i l ab l e e rg j supply. However, 

the scheme i n p l i e s t h a t s t a rva t i on msj be ai important cause of l a r v a l 

c b a l i t j i n .-rl to^oMa, f o r i foich there i s l i t t l e evj ience. 

m a j o r i t y of larvae u s u a l l y harl rood i n the gut when captured (chapter 

12, table 5 4 ) » w h i l s t predat ion by Ac SJ in a apanca la rvae rather than 

s tarvat ion as s ggested as a possible cause of heavy Fyrrhosom 

m o r t a l i t y i n the f i r s t year o f s tody (chapter 5 ) . I t i s poss ib le , of 

course, t h a t s t a r v a t i o n only becomes s i g n i f i c a n t i n the absence of p re ­

da t ion , f o r h i ch there i s some :viderce i n j • r'-.osohia (.a.can 1966a). 

Clear ly , d t h o u t a w re_b deal more i n fo i roa t i on than i s a t present 

ava i l ab l e , f u r t h e r i i scuss ian of these problems i s imprac t i cab le . 

No e c o l o g i c a l energet ics study has ye t attempted to e luc ida te the 

f ac to r s responsible f o r the s t a b i l i t y (or otherwise) and r egu l a t i on of 

popula t ion energy f l o w f rom year to year . I t i s c lear from the present 

study t h a t t o t a l ann a l energy f l o w maj be more stable than changes i n 

popula t ion numbers, and i t i s suggested t h a t eco log ica l studies on the 

s t a b i l i t y and r e g u l a t i o n o f energj f l o w i n add i t ion to studies on the 

s t a b i l i t y and r egu l a t i on of popula t ion numbers should be attempted, 

hatever the f a c t o r s .;ere t ha t c o n t r o l l e d or l i m i t e d numbers and 

energy f l o w i n P^rrhosoma,, i t i s c lear t h a t t o t a l energy f l o bhro gh 

the Pyrrho .or-a p- u l a t i c r ras extremely smal l compared w i t h estimated 

totaJ net prlroaiy product ion i n pond J , and t he r e fo r e w i t h t o t a l coxrntunits 

energy f lo , . - . ..s Oduj (196^) has pointed out , the c o n t r i b u t i o n of r est 



predators t o t o t a l community energy f l o w i s probably extremely smal l : 

t ab le 68 suramarises data on t h i s po in t from a number o f t e r r e s t r i a l 

and aquatic ecosystems. However, the importance of predators i n 

promoting energy f l o w ay l i e wi th t h e i r c o n t r o l ! i n g e f f e c t s on l o er 

t r o p h i c l e v e l s , r a ther than t h e i r own c o n t r i b u t i o n t o t o t a l co.nmunity 

- reduct ion or rest; L r a t i o n . 

The impact of predatory f i s h populations i n aquatic hab i t a t s i s 

, vnjg ; . ; c j 5 j I - j n 1< >5j . / v . 

1957; / y e l e t . a l l ? : i ; ; e 3 l l l : 1965: q-acar, I965 c, 1966 a,b; ,,ae..n 

e t . a l . , I967 j ' d br-* kraba 1965/. Apart from bhe a c t i v i t y o f the 

f i s h b r i n g i n g about changes i n sabstrate arid vegeta t ion , important 

changes may take - lace M i t h i n the community as a i i r e c t r e s u l t of f i s h 

preda t ion . Species composition and r e l a t i v e numerical abundance o f 

many of the i n v e r t e b r a t e prey s e c i e s nay a l t e r considerably. A l so , 

f i s h predat ion tends t o red« ce the o v e r a l l size of nana o f the prey 

species i n the h a b i t a t , w i t h important consequences f o r comm n i t y meta­

bol ism, since metabolic rates per mg„ increase i n smal ler animals. 

Almost no th ing i s known about possible s i m i l a r e f f e c t s being 

brought about by i nve r t eb ra t e predators . .a ce the magnitude of the 

e f f e c t s of f i s h predat ion are due t o the quanti ty o f food which t h e j 

consume, one approach would obviously be to compare t o t 1 consumption 

(as X _ oer m ner annum) of i nve r t eb ra t e carnivores w i t h consumption cals r ^ ' 

by predators f i s h i n the same or a s i m i l a r h a b i t a t . -rocksen e t a l . 

(1968) showed t h a t consumption of .idge larvae by predatory s t o n e f l y 

larvae (Acrone JT±?.) i n a r t i f i c i a l Laboratory stream communities 'as a t 



least equal t o , and may have exceeded consumption of the same prey by 

Sculpins (l-'hhus) even though the biomass of the stone f l i e s as loss 

than that of the f i s h . I n th i s s i t ua t ion , therefore, the e f fec t s of 

the invertebrate predator on lo er trophic levels was pro ably at least 

as great • s the e f fec t s of f i s h predation. s imi l a r data have not 

been obtained i n the f i e l d , although Gsr.ri y; (1962) showed that approx­

imately 50 percent of the t o t a l summer benthos production i n lyland 

Lake was consumed by l e - n i s , the blue- g i l l sunfish. This suggests 

that t o t a l consumption by a l l the invertebrate carnivores combined 

was less important than f o r one f i s h species. More data comparing 

predator* f i s h consumption and invertebrate carnivore consumption i n 

aqua.tic habi t : to re required. 

In considering the importance of invertebrate carnivores i n aquatic 

habitats, a d i s t inc t ion must be made between those species capable of 

showing both a numerical and funct ional rcs :onse to changes i n . rey 

density, and those showing only a funct ional response. (A numerical res­

ponse i s an increase i n the numbers of the predator, usually due to 

increased predator reproduction, i n response to incre sed _re„ lenoity. 

k func t iona l response i s an increase i h the feeding rate of each i n d i ­

vidual predator as pre? density increases) • see ^ d ' eon (1949), 

Hplllng (1959,b, 1961, 1965, 1966). j issgl (1966) has elaborated those 

terms, but without more detailed information than i s at present available 

f o r aquatic systems, use of his more complex terminology i s not considered 

j u s t i f i e d i n the .resent context. 

Hollinp- (1965) has shown that an invertebrate func t ion -1 response 
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Author 

1 I 
(19633 

I-Iax. and 
rain, f i g s . " 

b'abit t 

Lirac stone 
Grassland 

Spruce fores t 
f i o o r 

Ci r. ivorer, 
s tud ied 

A l l c rrivores 
i n community 

D i t t o 

CAHKIVOtfE 
E3PIIATIC81 

C52 TAGS OF 
rCTAL 
X 1 ,Ii 

ESPITcATICW 

1.38 

37.43 

1.. J. y i . . 

x ODUCTICK 
a x ttlr* 

C»li T.-VJ.J OF 
DOTAL 
CO 
F ODUCTia 

J..- J i /1 _.i 

£ B3IATICN 
n*j . *. - ^.— 
So : . ' ; I F 
TOT LL 
30] >UI<ER 

'E XLATXQ 

• i 1_ L< . r t r o i 11.94 7.69 11.11 
1967 f i e l d c i rn ivores 

bcv e the 
s o i l surface 

el-.er ; I j ] H e Oconee I'Jainly c a r n i -
: t t i v e r vorous i n sec t - r;.r.p 
yot- I - rvae 

C be. S i l v e r . . r ings Carnivores '..8 3.72 
1957 Top cr mivores 

J i t a r c r i a i ah Tat&yya LLI 1.3' - 1.31 
1967 gunta pond carnivores 

Teal Root p r i n g A l l 4.85 H . U 
1957 carnivores 

Teal orgia A l l 7.4 
1962 Salt Marsh c .rnivores 

T i l l : ; Cone Spring L l l 10 .1 17.5 15.2 
"I c 68 carnivores or 

4 

Tabic 68 Nummary o f carnivore energy f l o w as a percentage 
o f equivalent f i g u r e f o r t o t a l consumers, i n c l u d i n g 
carnivores; (bac te r i a have been excluded). I t i s 
c le~r t h t c . m i v o r e s are u s u a l l y unimoort n t i n 
t h e i r c o n t r i b u t i o n t o t o t a l community energy f l o w . 
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alone i s unable t o regula te or c o n t r o l prey po_> al- t i c n s . l i t h e r the 

prey decl ines t o e~-"tinction ( \ foich i s an stal l i s h e d predator : prey 

system must be e::ce_ t i o n - 1 ) or else the pre:* i n ere es beyond the 

c o n t r o l of the predator. Predators showii •? numerical response, 

however, are c l e 3 r l y p o t e n t i a l l y cay-able of r e g u l a t i n g t h e i r prey 

though 'nether ?ny aquat ic inve r t eb ra te predator excerts a dens i ty 

dependent r e g u l a t i n g o f f s e t on i t s prey does not apps r t o have been 

c l e a r l y demonstrated. nevertheless, the ; o t s r t i - 1 of these two types 

of arsdator f o r the ree;al" t ian of energy f l o w tl irough lower t r o p h i c 

l e v e l s i s vT; d i f f e r e n t . 

Regulat ion of re; numbers 03: s t rong predation ress ire a r i s i n g 

from s numerical response, l o g i c a l l y imp l i e s reduct ion i n rey num­

ber - d h i or. ss balow t h a t v."hich might be expected i n the absence of 

p reda t ion . I n co 1 sequence, the consum t i o n r a t e of the t o t a l _ rep 

1 e,^, PI ndei .. Ba \ . ... ( 9&3) j 

.ria.ht e t . a l (1960), .s'th important e f f e c t s or. the pa t te rn of com u n i t y 

energy f l o w . however, because the pre** specie s i s red iced i n numbers, 

the food supply and hence consumption r a t e per i n d i v i d u a l pre | na2 be 

increased. This may have f u r t h e r Import " _ • 3 ( . lobe V.ain 

' Rj 1956, IU 1946), i nc lud ing ge i n age s t ruc tu re o f 

the prey populat ion ( inc reas ing the p ropor t ion o f young i n d i v i d u a l s ) 

and an ircre_- e i n t h e i r growth and reproduct ive r a t e s , again with 

1 po r t ant e f f e c t s on community snergj f l o w . ...:ren e t . a l (1964) have 

also demonstrated the e f f e c t of increas ing the food sugpl: per i n d i v i d u a l 

on product ion i n aquatic h a b i t a t s . Lieduction of pre*; biomass bg a p re ­

dator may a l so l ead t o an increase i n turnover r a t e i . e . the ? r a t i o 

file:///foich
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increases l:.a: no : 3 . a l l 1956), 

I t i s u n l i k e l y t ha t i nve r t eb ra te predators showing only f u n c ­

t i o n a l , ; i o n - r e w u l a t i n w , response can have such a marked e f f e c t on 

t h e i r ^rep i^ecias as those l i s t e d above. 

To be p o t e n t i a l l y capable o f A rej reg l a t i o n , M e predator 

numerical ras^onse must be r e l a t i v e l y r ap id c o m p a r e : ! w i th the genera t icn 

time of the prep. ^ x c l u i i r . ^ Protozoa and J l o t i f e r a , aquatic i n v e r t e ­

brate carnivores p o t e n t i a l l y capable of showing a s trong nw.ier ical 

" 1 - elude the l u r b e l l a r i a ( i l t h o gh ..e^nul-lson an! Icaa.;, 1965 

s -gpest t h a t - . 1 . J :• :' 1 ai 1 e f f e c t i v e r e l a t o r ''and d es not i n f l u e 

the . a bers c f i t s prey Lec i s ive ly 4 1 ) , ^e ytodora, : i a l species o f 

Sopepod, and Leeches, ( f o r example an iacrease i n the numbers o f 

- - - s ' - 3 a k. pa rent u caused a b ig i e c l i n e i n prey abundance (Dineen 

1953}). Aquat ic i nve r t eb ra t e predators showing only a f u n c t i o n a l 

response l i g h t reasonably be expected to inc lude forms wi th a r e s t r i c t e d 

breeding season and long l a r v a l development t ime, long t h a t i s compared 

wi th the generat ion t ime o f the pre v . In t h i s case the predator could 

not be expected t o show a numerical response t o increas ing prey densi ty, 

21earlp inc luded i n t h i s category" are such ^redatory insec t la rvae as 

Chai D T U S , Plecopter j 3 of course Cd : . 

Gdonata l a rvae may be regarded as the k , type example11 of those aquat ic 

i nve r t eb ra t e carnivores t h a t show only a f u n c t i o n a l , non- regula t ing r e s ­

ponse t o increases i n A.rey dens i ty . I n v ia . , of what has been a i d above 

the e f f e c t which the„ have on t h e i r prey species, and hence on co . u r . i t y 

energ„ f l o v : eiight be expected to be ver; sma l l . Aggregations of l a rvae -

see chapter $ - caused by movements i n t o regions o f h i g h prey dens i ty , 
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and t he r e fo r e a form of aggregative respon e, ( . .. ; e l 1966) , iaj 

p a r t i a l l y ecmpensate f o r the l a c k o f a b i l i t y t o increase the t o t a l 

numbers i n the h a b i t a t through reproduct ion , but the e f f e c t i s u n l i k e l y 

t o be very g rea t . s*n rare occasions, Odor ta la rvae have been con­

sidered responsible f o r causing very heavy m o r t a l i t y i n a ^rey species 

. . E " KX [1967), x „ (1937), S --

[1965), and ^eslma c: a-nea i n the present study - ? 5, Usually, 

he ever, the j appear t o have a n e g l i g i b l e e f f e c t m t h e i r prej (Corbet 

1962; J or be t e t . a l . I96O), and he ce, i t r.dght be i n f e r r e d , on the 

r e g u l a t i o n and c o n t r o l of t o t a l community energy f l o w . 

The data obtained f o r Pyrrhosoma may be observed against t i de 

general background. nergy f l o w through the .:. . a1 pso a populat ion was 

an extremely smal l percentage of the est imated t o t a l net primary produc­

t i o n i n pond 2 , and i n teres of i t s c o n t r i b u t i o n t o t o t a l community energy 

f l o w , Fyrrhc- 1 r l y unimportant . Mowev r , unl ike those preda­

tors capable of showing a numerical response, i t s c o n t r o l l i n g and regular-

t i n g e f f e c t s on energ; f lov. through l o n e r t roph ic l e v e l s were probably 

also n e g l i g i b l e . The range of i-rey species taken was wide (chapter 8) 

and i t i s d o u b t f u l i f any one prey species was s i g n i f i c a n t l y a f f e c t e d tg 

ryrrhosorna preda t ion , w h i l s t the t o t a l amount o f snergy enter ing the 

b :oe of the gyrrhosoj a food eh.a a. in I -.6 t c e_ txixim te l^ 5 . rce> t of 

net primary product ion i n pond i h i s u n l i h e l y ;:o have exerted a 

s i g n i f i c a n t i n f l u e n c e on the t o t a l pa t t e rn of energy* f l o w t ' d th in the 

pond. The f a c t t h a t the pond supported o ther hey energy u t i l i s i n g 

a'.ys e .g. the Asellus food chain (see chapter 8 ) , t h a t were indepen-
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dent cf the rrhosoma food chain would also tend to 1 <y-. Vie i - .t••_ - t 

of - r r . : . 

I t lust t erefore be concluded that .prraoso' a was nob exerting 

ail important effect on the energy flow through the stucfc ponds. Bather 

an impression of "minimum impact11 i s created which logical 13 would 

apj 3ar to be of gr at advai tage to a predator t.lobo ^--in 1968). The 

mechanisms of population regulation i n i - i v i o s o a r e not f u l l y unier-

stood. Clearly, however, sorne factor or gronj: of factors prevented 

the rrhosoma population from increasing to a level where i t might 

seriously have begun to affect i t s prey. Yet annual iryrrhosoma emer­

gence from a substantial l a r v a l population .̂ as certainly i n excess of 

t iat required to ensure the continued survival of the population at 

approximately the present l e v e l , at least for the foreseable fattire. 

This unobtrusive balance between ryri-hosoma, i t s prej and the habitat which 

i t occupies '.a; account i n no small way for i t s particular success as 

a species i n a group that are themselves remarkable f o r t h e i r long 

evolution: vv success. 
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The equations normally used to describe eco lo j l ca l energy trans-

fo i r .u t io i '3 •: re xresented i n chapter 1. ihe s„i u .o 1 throughout 

I • thesis are those recommended f o r use during the Internat ional 

logj and -re taken from _wta: r (1968). 

- - Population bdomass, standing crop, or biocontent, 
, p. 

expressed m energy units ;calories per i n ) . 

Z - Consumption ; the t o t a l intake of food energy 

during a specif ied time i n t e r v a l . 

F - Faeces or egesta : that part of the food energy 

that is not absorbed and leaves the alimentary 

canal. 

U - "Sxcreta ; that j ;a r t of the material absorbed which 

i s passed from the bodily as arine. 

Assimilat ion : that , a r t of the food energj that i s 

absorbed in to the body through the alimentary canal 

(C - F ) . This d e f i n i t i o n l i f f e r e s s l i g h t l y from 

that given i n Ridker (1966) - see below. 

Bespd.ration : that part o f assimilation which i s 

converted to heat or mechanical energy, arid i s used 
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up i n maintainance of l i f e ^rocesses. 

P - Growth or production : the increase i n biomass. Th t 

part of the assimilated energy incorporated in to new 

biomass. t i t ioes not include Bv.) 

Bv - I-boiviurn production : that part of the assimilated energy 

lo s t i n the moulted exuvia. This d e f i n i t i o n i s not 

included i n - t i a : . r (1968) and has been a i led f o r the 

purpose of t h i s work. 

The fo l lowing equations c l a r i f y tiie interrelat ionships of these 

funct ions . 

Z = ? + . . + ? i U + Sv. 

1 • H + U • By. 

: - F 

Strd bl^ L ' 'ion ca be d 3d f r c ra t ion . 

Following Bicker (1968), ..e ay nritei 

Absorj t ion = Z - F 

and <*ssimil t i o n = C - 7 - tJ • 

I n the pre ent Btucfc , 0, the energy lo-.t ..s urine ..'as not measured, 

since i t s contr ibution t o the t o t a l energy budget was probably negl igible 

(see chapter I I ) . I n th i s case, the ' terns ..: i 11 bic j I Absorp­

t i o n become v i r t u a l l y synonimous, and throughout the study, A, si.: 11 at ion 

has been used i n the context 

Assimilat ion (A> • C - F 
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.. ' i th the exception of biomass, which has no time dimention, a l l 

symbols were used i n tug .vays 

i ) To describe energy transformations by ind iv idua l larvae: 

calories per larva per un i t bime 

i i ) To describe energy transformations by l a r v a l populations: 

calories per to per unit t ime. 

Dis t inc t ion between these two uses i s obvious from the context 

i n which the: occur. 



. . . . • : -

DF . :• r . w J .. 

This l i s t includes a l l . animals taken i n pond B during the study. 

Genera or even famil ies have been l i s t e d f o r completeness ./hen no 

speci f ic i d e n t i f i c a t i o n was made. 

Toucher speci ens (preserved i n 70 percent alcohol) are kept 

the author and may be examined on request. 

The l i s t i s necessarily incomplete and includes no Protozoa or 

Eo t i fe ra . I t does, however, incl-.-.'e a l l the larger meta^oa taken during 

the three years of f i e l d work, however rare. To dist inguish these 

rare species from the commoner forms, two symbols ./ere used: 

* ^ iominant form (or key species), usually present i n 

any net sweep ( i f seasonal, then present thus 1 i n season 1). 

+ Very rare. ^ess than ten occurrences i n three years. 

(Cam) s ign i f i e s tha t the species was predominantly carnivorous. 

___ . . 

Pisj . . 

4 . _ , '. - - - ' . 

- -' " -

(Hirudin**) 

-t „ . .• _ \ . '• (Cam) 
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l i d * 

(Oligochaeta) 

* ' ' 
Lurnbric><lidae. 

T u b i f i c i iae. 

.. 

(Arachnida) 

+ -. 

* Hydracarina of several 

Arthroj 

(Crustacea) 

A : ' . '3. 

I I . . j ';' -\ ' ;. vir:* 

* Copepoda of several other 

lor :-.rlcus 

• - i p p , 

•* Lstracoia. 

ajjnoc 1 .1 

la 

(Insecta) 

Coleoptera: adults and larvae. 

. . . J . 

Curculionidae. 

D.ytir: : I . i - l i s . 

(Cam) 

unident i f ied species (Cams.) 

(Carn.) 

species (some Cams.) 

(Cam) 
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Bytiscidae of sev r a l other species 

Haliplus sp. 

(Cams.) 

M tera : 1 rvae. 

... 

Ceratopogonidae. 

^ .obora.^ sp. 

Ghironomidae of several species 

Chj r 5 s . (sensv s t r i c t o ) . 

Pi a i . 

lanypodinae. 

i l idae. 

3phemeroptera : larvae. 

* Cloeon 1-i .ti-:r'.v.. 

,aerns sp. 

Hemj J tera 

.r 

4 

adults and nymphs. 

C ^ ta. 

. _ _ • 

. L . 

. - '• . uc• .. 

[Tot ":' ' 

Ilotonccta o'olicua var. de lcour t i . 

(some Cams.) 

(Cam) 

(Cam) 

(Cam) 

(Cam) 

(Cam) 

(Gam) 

(Cam) 

-i-"ara s o. 



Lepidoptera : 1arvae. 

Ilegaloptera : larvae. 

- i : : " I s 3 p. (Cam) 

Odonata : larvae. 

A . . (C 

2c a a. ;rion . ue' n .. (Cam) 

. , I ' _'v . ( J am) 

ipor -.a. ( / 

P , ;;• (Cam) 

lecoptera : larvae. 

" 

Trichoptera : larvae. 

B | 

-~: ~ • . 

7eiH V_ 

; . j i bia) 

To . (Cam) 

. • ••' . (Cam) 

br ls , 

Tr i turus vulgaris . (Cam) 
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^ . •. . - .• .' 'JD JF rb • : - • -

. . -

Phe food of the i vain j rev species taten by Egrrhosjg is deter­

mined ty personal observation, and from the f Hovdng references. 

.. -I'.-.is 

Gerldng (1?62), F i tzpa t r ick (19683 

: - . t~ •j;;cni-:ae 

Lindeman (19'MO, Dineen (1953) 

J i. - -

Linderoan (1941) 

Tniroi-o-.i^s, (except Tanj odinae) 

dcock (1949) 3erg (1950) Bryce (1960) Gerking (196.:) Idndeman (1941) 

':' ' ru 

Chapman and Beanory (1963) Clennel (1967) 

Serking (1962), Fryer (19573 landsman (1941) 

Dytiscidae 

Jones (1950) 

' -- •' . r i ' ' • e 

Dineen (195^3erMjftg (1962) Llndemar (1941) 

' 1 i rarh&ti'ta 

Linieman (1941) 
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_____ '• " • 

GteldJkg (1962) oVr-ensen (1966) Macan (1961 1963) 

' .. _dj : 

3adcock (1949), fryce (1960) Eutncr (I963. 


