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f'vblate May to early September ;WIth two d1st1nct peaks_

“.generatlon by at least an order of magnltude.

EE

ABSTRACT A . “ R

A populatmh of Neuneclrps:s blmaculata 1n ‘a lake

outlet stream was stud1ed froh November 1980 to

‘- -

prtember 1982 The 11fe cycle was b1volt1andur1ng both

years o{ the study., The summer generat1on was. completed lﬂ -

4

®
._only s1x to seven weeks -and the w1nter generatlon took the

ré 'nder offthe Year. Adult emergence took place from _

'correspondlng to the two qenerat1ons In both years the

dens1ty of" the summer geheratlon exceeded tha

of the w1nter
~ . N

The amount and type of aquat1c macrophytes were

' 1mportant in determlnlng the lanval dlstrlbutlon in th1s
N’ blmaquata populatlon.‘ Current veloc1ty may also have

hbeen 1mportant in determ1n1ng spatlal d15tr1but1on.

Malntenance of capture nets was seasonal from May to

_ September or. early October.‘ The t1m1ng of net bu1ld1ng

'appeared to be related to temperature. H1gh current,

';veloc1t1es also seemed to affect net buildlng, and 1n 1982,

high' veloc1t1e5(delayed neg’ bu1ld1ng by nearly a month from

'7the date in 1981,

In a serlesgo@)experlments N. blmaculata larvae were

-fed concentrated seston. from e1ther the - lake. outlet or a
{51te 17 km downstream of the lake. The . results showed that
~growth rates were s1gn1f1cantly hlgher when larvae were fed
'seston derived from the lake outlet. At the- trmeythesef

- experiments were performed, the amount (mg~l"k,of the

iv

w
A
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'organlc fraction of the seSton was 51m1lar at both sltes.

"However .1norgan1c partlculate concentratlons were much

- there than at downstream reaches.i o

'h1gher at the downstream 51te. These results suggest that _

larVae 11ve at lake outlets bécause food qual1ty is h1gherf

e .4

‘A ser1es of’ behav1oural experlments exam1ned the

:response of N blmaculata larvae to placement of prey 1tems

RO b
in the1r capture nets.' Many of the anlmals 1nsertiﬁ 1nto
. o .~
the net were able to escape from the net by sw1mm1ng-or
\

| crawl1ng.i Of the ‘0] ganlsms trapped 1n the ﬁgt there was, no

d1fference in’ the fo'm of the larval response. The*ma1n

dlfference between prey types was the success w1th whlch

»

3 B
N. blmaculata larvae were able to capture them." These

J

G UV NS

in the water leavxng the lake.

resultsksuggested that although the larvae would feed on a"
var1ety of prey types'\the net was. most efflc;ent at 5 N
captur1ng Daphnfa, of the prey 1tems tested.v Néurecllpsfs '

blmaculata populatlons may: OCCur at lake outflows because of:

“the abundant supply of - small prey, 1 e. zooplankton caught

Rs

m ‘ - - ' .
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' ~¢fPoIYCentropodidae). Th1s an1mal 1s restrlcted to lake

| THESIS m'rnonuc'rxon » ,'

Studles of d15tr1but1on patterns of organisms can foeus

'.tx
on a var1ety of dlfferent spat1a1 scales. Zoogeographic

(species level)\ populat1on (regional), 1ntrapo lation
(m1crodlstr1but13n) patterns,;etc.'can all. be e§§m1ned
'xEcolog1cal stud1es of aquat1c 1nver;ebrates have most often
'focussed .on m1crod1str15ut1on_or zoogeographlc patterms

Often a major d1ff1culty in testlng hypotheses about
population d1str1butlons is adequately def1n1ng a:
populatlon. ,However "some freshwater invertebrates have
restficted ecological requ1rements mak1ng populations easy
to def1ne. One such organism is the filter’ feeding

. caddisfly Neupecz_jpsis'bimacula'ta (L.) (Trichoptera:

et

outflow stream reaches and rarely occurs more than about

e
1. 5 km from a lake source (Statzner 1978, Edlngton and

Hlldrew ;581) Th1s makes it possible to generate several
.ihypotheses as to why thls spec1es is pr1mar11y found at lake
outlets. ’ |
~First, 'one needs to consider what‘changes in the
phy51cal and b1ot1c env1ronment -of r1vers oéour downstream
from 1akes. It has been shown that seston (defined as all
part1cu1ate matter suspended in the water) in rivers changes
as 1t moves. away from lakes. At lake outlets there is a
i"hlgh concentratlon of plankton1c organlsms such as copepods,_

cladocerans and algae trapped in the water dra1n1ng from the

lakes (Chandler 1937 Mac1olek and Tunz1 1967 Arm1tage and

: AN



Capper 1976); >These orgariisms are lost to predation killed
by current or other sources of mortal1ty downstream and
“'seston becomes 1ncreas1ngly composed of refractory materlals
»'such as detritus and faeces (Mac1olek and Tunz1 1967, Benke
and Wallace: 1980) With the large number of 1nvertebrates
of relatlvely unlform size dlstrlbutlon in. the seston at

lake outletS’ a predator could specialize behav1ourly,
,.morphologlcally, or both, to exploit this type of prey.
| Along with the organic .material transported by streams
are inorganic’ partlculates sometimes referred to as 51lt;
To a\filter feeding organism, inedible particles landing in
the f11ter1ng apparatus can reduce feed1ng efflczency by
clogging the f11ter1ng device or by be1ng 1ngested reduc1ng
the rate of calor1c intake. S1nce lakes act as 511t traps,
outlet streams will have lower amounts of suspended
1norgan1c partlculate materlal than downstream reaches
(Armitage 1976). .. | _ ¢

Temperature reglmes may be less varlable at lake

' outlets than in rivers not assoc1ated with lakes. W1nter M
water temperatures may be slightly higher in lake outlets
than in downstream reaches because many lakes stratlfy,
allowing some /invertebrates to exploit these condltlons .to
continue growth ngher lake outlet temperatures alsd:

.reduce chances of freezlng

F10ctuatlons in d1scharge rate could be’ of lower
amplltude, although of longer duratlon, at. lake outlets,

51nce the immediate effect would be damped by the lake

Sk



(Armltage 1976) A f11ter feedlng anlmal that maintains
ZSOme form of f1lter1ng apparatus may be better able to adapt
to slow changes in dlscharge than sudden spates. This could

. P
be by relocation to a more su1table m1crohab1tat for
1nvertebrates genenally,.or by alter1ng the form of the net
by f1lter feed1ng caddlsfl1es. Related to thls large scale "
‘var1at10n in discharge is short-term variation in current

veloc1ty, i.e.vlarge—scale-turbulence. Due to the

geomorphological character of lake outlets, outflow Stream

v .reaches tend to be broad and shallow (Carlsson et aj. 1977).

For an animal that constructs a rather fllmsy net, as in
N. blmaculata, there may be 11m1ts to the amount of
‘variation in current velocity 'a net can withstand. Sincev
turbulence‘is partially related to depth.(Smith 1975),
outlet rea;hes should exhibit relativelylless turbulence
than deeper, narrower downstream reaches. N

| All of these character15t1cs of- lake outflows may be

1mportant in determ1n1ng the d1str1but10n of Neureclrpsrs

.,“blmaculata populatlons. Also biotic influences such as

competitive exclusion or predator evasion can determ1ne
d1str1but10ns of some organisms. |

First, I set out to describe ‘the natural history of a
populatlon of N. blmaculata in the Sturgeon River at the
outlet of Lac Ste. Anne, a relat1vely large but
non- strat1fy1ng lake o;Ncentral Alberta. I wished to

' con51der the general hypothes1s that the distribution of a

population of N. bimaculata is determined by adaptation of
» , _



_ . . o {

‘its larvae to the su1te of characteristics of lake outflow

" ~

“stream reathes d1scussed above. To test thls hypethe51s, I
formulated pped1ct1ons, and experlments were des1gned to
address these.- The figst. set of exper1ments were de51gned
hito 1nvest1gate the effect that downstream changes in seston
had. on the growth of N blmaculata larvae. °A second
“exper1ment dealt w1th potentlal spec1allzatlon on certain
prey types, by . exam1n1ng the response of N. blmaculata

.larvae to capture of d1fferent types of potentral prey.’



"waters (1979).

anpiﬁq ONE

Life cycle and ecology of N%uﬂeclipSIs blmaculata

(Tr1choptera* Polycentropodld

Introduction

hpcological study of freshwater invertebrates,

particularly immature ihsects, hasgbeen seyerely hampered by
taxonomic difficulties. The natural historywof many species
is poorly or not'kuowh. These problems hagearestrlcted'bur

B ab1l1ty to generate broad hypotheses about thé ecology of

aquatic organlsms. The ‘need for ‘basic life hlstory data and

ecologlcal hypothe51s generatlon has been addﬂessed by

.
Neunecllpsis blmaculata (L.) (Polycentropodldae)\as

.ﬁholarctlc 1n distribution. 1In" North Amer1ca it is found

throughout Canada and the northern Unlted States (Nlmmo tn

press) Larvae live in slow mov1ng water associated with
lake outflows or large r1vers where they construct silk
capture nets on any avallable substrate

(Wesenberg-Lund 1911, Brickenstein 1955, Lephevar1964,

,) in a lake outflow stream,

Edington and Hildrew 1981)

These nets are used to filter

seston, 1nclud1ng copepods ‘and cladocerans,’ from the water

column. Larvae are cons1dered predaceous based on gut

contents (Popowa 1927 Hynes 1970 "Wiggins 1977

Wallace et al. unpubl1shed.manuscr1pt).

AT T e o
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 Most references*to the‘life'cycle of N. bimaculata have

1nd1cated a W1de range of larval 51zes throughout the year.

A life cycle of 2 years has been inferred for north European

-

populatlons (Wesenberg-Lund 1911, Alm 1926)
Statzner (1979) concluded that" N blmaculata populat1ons had
atto 2 year life cycle in northern Germany. The ‘only

known, work on N. bimaculata in North Amerlca suggested a 1

 year life cycle in northern Alberta, Canada

(Robertson 1967). Populat1ons can have long emergence
periods, lasting 2—4,months-during the summer over most of
N. blmaculata S range (Brlckensteln 1955 Hickin 1967,

Nimmo in press). . T ‘ : o ,
My work was undertaken to ‘determine the llfe cycle and
investigate the pgpulatlon dynamics of Neureclipsfs
blmaculata in the Sturgeon River, Alberta. In addition
larval sampling Yas designed to answer questiOnswabout the
microdistribution of N. bimaculata larvae. Questions |
included (1) what is the influence of current speed on the
m1crod1str1but1on,»(2) what is the importance of substrate
type on thepdlstrlbut;on, and (3) are there instar-specific

-

or seasonal patternsyof'microdistribution?

Materials and Methods
Study’ Site

. ‘The Sturgeon River is a slow mov1ng stream of the

* . boreal forest region in Alberta,_Canada (53°42'

f114g39' W). In the study area, a 1 km reachyat the ocutflow

o
%\
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of Lac Ste. Anne, the Sturgeon R1ver is a thirgd- order stream

w1th a dralnage basan of approx1mately 700 km?, Land use in. .

the drainage basin is pr1marily for livestock gra21ng and _

for recreatlonal purposes. Lac Ste. Anné& has a surface area

of 57 km* , average. depth 4.8 m, and does not stratlfy. The

mouth of the r1ver was ‘defined by a weir- near the road
(Figure.1), |

4

The rlver ‘descends 6. 4 m in the flrst 6 km below Lac

Ste. Anne.. Average w1dth was about 17 m, and in 1981':
maximum depth was 80 cm in the study area; in 1982, heavy'
rains 1ncreased maxlmum depth to about 120 cm, Current TW$
"velocities ranged from zero to about 42 cm s“' Durlng 1981
most current speed measurements were between 3 and

10 cm- S™'. .Velocities were h1gher in. 1982, generally
between 15 to 25 cm- s“' in the centre of the ;tream The
substrate is soft mostly sand and silt; cobbles, larger -
mineral part1cles and deadfalls cover very small areas. The
. f1rst 500 m of the river downstream of tpe lake is bordered

by few trees, streamside vegetation belng ma1nly sedges on a

«wide floodplaln The area further downstream is bordered by

the study period most of the river margin was lined with‘

3 Typha latifolia L. andg patches of Equisetum sp. Predominant
aquatic macrophytes were Chara sp., Potamogeton

richardsoni i (Benn. )Rydb., Mynlophyllum exalbescens Fernald,

Potamogeton pect inatus L. and Lemna tnisculca‘L.

dense stands of aspen (Populus tremuloides M1chx ). During
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Sampling ' ;

Samples were collected from November 1980 to December
1981 using a "Lee sampler (except*January to April 1981),
This 1s a box- type sampler (Merrltt et al. 1978), 59 cm
high, with a wire screen on tbe upstream side (mesh opening

1 mm) and a net on the downstream side (mesh size=150 pm)

The bottom edge of thls sampler penetrates the substratum

and encloses an area of 945 cm®. From January to Aprll

1981 samples were taken using a. cor1ng device

(diameter= =4,7 cm) High water levels in 1982 precluded use

of the "Lee" sampler and samples in 1982 were taken u51ng a

mod1f1ed Ekman dredge (area 256 cm?) attached to a-pole.
From 19 May 1981 to 7 December 1981 samples were taken

along transects accord1ng to a stratified sampling scheme.

On each date four- to six samples were collected from 3m

s

intervals along a transect in each of four zones. " New .

5 ’
transects were sampled in each zone on each date to avoid
sampling a previously disturbed area. On dates other than

those between 19 May and 7 December 1981 samples were not

‘collected along transects, but were still collected within

the four zones. 'The'substratum’waS'sampled to a depth of
about 5 cm,'and all substratumi including plants, was
collected. |

During 1981, I recorded position of the,transect,
distance from the shores, depth, current velocity (u51ng an
Ott current meter, model C2), plant composition and percent

cover of plants for each sample.' Percent cover was

T T SN B IS VTS PR R v aiazs N STE S N [P
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estimated as the area covered[hy each plant type in a sample .
delimited'by the "Lee“‘sampler.' Samples were preserved 1n
the field in Kahle's solutlon (2% acetic acld 28%—95% EtOH,
11% formalan, 59% water) for later processing

| In summer temperature data were collected using a Ryan
contlnuous recordlng thermograph . During other seasonsg only
Spot water temperatures were recorded ' Cumulative*degree
‘days were calculated u51ng 0 C as the base.,

Float1ng emergence traps (Merr1tt et al. 1978) were
used from 4 August to 14 September 1981 and 27 May to
27 September 1982; They.were emptied approximately twice a
~week in both years. A-trap consisted of a floating wooden
and styrofoam frame, enclosing an area of 0. 25 m?*, with a
fine- -meshed tent shaped net with a transverse "shelf"
inside. An 1nverted funnel 1ns;de a glass collect1ng jar at
the top of the trap retained emerging 1nsects. ,
In the laboratory,_samples were sievedﬂintoltWO size ¢

fractions: coarse (20 85 mm) and fine (<O 85 mm and
20.25 mm) Cursory examlnatlon of a few samples for larvae
pa551ﬁ§ through the 0.25 mm sieve yielded no small larvae,‘
_hence I was confldent that few anlmals passed through the
0.25 mm sieve. The fine fraction was elutrlated to separate
organic matter from the mineral portlon.w Samples were _
examined under a. dissecting m1croscope at 6x power. Durlng
sorting, samples were subjectlvely scored on a 3-point scale
- for the amount of organic mater1a1 they contalned (1= very

:l1ttle organlc matter, 3= hlghly organlc)
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Representative Neurecl ipsis bimaculatavlarvae and

g; prepupae (as deflned by W1gglns 1977) from all sampling

dates were meaSured across the head u51ng an eyep1eF
mlcrometer to the nearest 0 024 mm. .All. spec1mens vere fron
the populatlon at the outflow of Lac Ste. Anne. Larval'
instars were determined by the head w1dth frequency method

(Resh 1976) Larvae were separated into instars and .

‘counted. Larval 1nstars are referred to throughout as L I,

Léli, etc., and prepupae and pupae are abbreviated to PP and
P, respectlvely Dur1ng-the ent1re sampling per1od only one
individual of another polyeentropodid, Polycentropus remotus
Banks, was collected; therefore 1 assumed that even very
small larvae were N..biméculéta.

. For many samples only the coarse size fractlon was
sorted to yield 1nd1v1duals in the fourth instar or: older.
However only completely sorted.samples were 1ncluded in the
11fe cycle analy51s and populatlon estlmates.

M1crodlstr1butlon of" NEUPeCIIpSIs larvae was analyzed

'-by product moment correlatlons and a mult1ple regression of

larval density ‘against a ser1es of env1ronmenta1 varlables.

These procedures determlned the varlables most 1mportant in

1nf1uenc1ng larval dlstrlbutlon.

' Representatlve larvae and pupae were dried at 50 C for
24 hours to determxne dry weights (Table 1). These data
were used in the calculatlons of productlon based on the

1nstantaneous growth method (Waters 1977).

11
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Table 1. Geometric mean dry weights (mg) of each instar of
S ~f.NéureclipsiS‘bimacu]ata larvae. : C

l.,
Instar Mean  95% Confidence N. 'Raﬁge -
) ‘ -I'nterval T ’ '
OV 4.09 - 3.340 - 4,980 30 -1.358 - 9.490
gV 2.23 -1.920 - 2.570" - '35 0.530 - 3.618 7
v 0.54 0.490 - 0.600 112 0.139°- 1,748 . }
I1I 0.127 0.110 - 0.140 . 49 :0.042 - 0.280-. - 8
11 0 - o

:033  0.029 - 0.036" 21 .°05020-- 0.047
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e Temperature and dlschafgzbdzla for the study s1te are. .

&

'i'sh%wn 1n flgures 2 and 3 Temperatures were generally 1ower

fdur1ng 1982 than ln 1981 Ice went off the lake in early
_ Aprll 1981 and 1n the mlddle of May, 1982 In 1981
’dlscharge was relat1ve1y normal for the, 51te, whereas 1982

'T::was a. year of. hlgh dlscharge._ Avallable data (Water Survey

vvof Canada, Env1ronment Canada) suggest dlscharge was at a

5"

f.1o year hlgh in 1982 o i e T
F1ve 1arval 1nstars were identified ‘for - ‘the C e
s . _ .

) N; blmaculata populatlon (Table 2). There were no

dlfferences “in the dlstrlbut1on of head 51zes between

S

7generat1ons or seasons. .There .were pronounced s1ze )
-dlfferences between the sexes of 1nstar L V; this is ev1dent
‘as a blmodal dlstrlbutlon 1n the frequency of head w1dths kS
I(see chapter 4) - The b1modal form of the frequency ‘ |
dlstrlbutlon of L v head w1dths was less pronounced

‘ The populataon appégred to be blvoltlne ‘at. the study

s1te w1th a w1nter and a summer generatlon.. The wlnter

. 4

xgeneratlon 1s derlved from eggs ‘laid 1n August and .
September overw1nters as. 1arvae and emerges from 1ate May
’to early July The summer generat1on beg1ns as»eggs
ov1p051ted by wanter generat1on adults and 1s completed by
tlate August or early September.; Larvae oVerw1nter 1n '_
_1nstars L II to L-v, but mostly 1n 1nstar L III (Flgure 4)

3In 1981 pupae and prepupae were’flrst found on 19 May and

e L AR
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Héad ‘Widths of each .inst
. bimaculata larvae in. mm.

ar of Neureclipsis-

Instar ™ Mean Standard N . Range

Deviation B
s 8§V T1u23- +0.101: 198 . 1.128- 1.344
IV 1,04 +0.058 279 ° 0.936- 1.128
* IV '0.75 +0.153 806  0.600- 0.864
ITI .. 0.47  0.033 _ 195  0.408- 0.528
IT  0.30 . £0.009 120 . 0.264- 0.336

I 0.19 " 25 0.190
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Life cycle of Neirec] fpsis bimaculata in the

~Sturgeon River from Noyember 1980 to June 1982.

A, - Histograms represent relative percentage °of -

total’individuals in each ‘stage. Numbers over

‘the histograms are the sample sizes. P includes

prepupae and pupae. B. . Schematic life cycle
based on mean stage at. each sampling date.
Dotted line represents adult flight period.
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were present'on all sampling dates until 31 Algust. First.
‘instar larFae were first coliected on 15 June and were
present in all samples until 14 September. No flrst instar
larvae were found in samples-dur1ng autumn, winter, or early
spring.,

" There was considerable overlap between the tuo
generations and very little synchrony of development w1th1n
a cohott. The first individuals to emerge from the summer
generation appeared in mid-July 1981.

‘The life cycle was consistent during both winters.
However in June 1982 the progress of the winter generation
lagged behind what had occurred the year before, ﬁo
individuals had Pupated by 7 June 1982; whereas.in 1981
Pupae were common b} that date. ’

) In 1981, adults were collected throughout the sampllng
perlod (Figure 5). The last adult collected was a male that
emerged between 4-14 September. In 1982, males were first
captured between 14-17 June and females between 17-21 June.
Emeréence peaks occurred at the end of June (winter
" generation) and the middle of August (summer generation) in
both 1981 and 1982 (Figures 4 and 5). Males’appeared before

‘females in all generations sampled (Figure 5). The winter

‘generatlon was completed by the mlddle of July in both

- years.

The nets that the larvae build were conspicuous in the
river. In“ 1981 the first nets were observed on 19 May.

Nets became more numerous as the Summer progressed, but
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Emergence phenology of. Neureclipsis bimaculata
adults captured in floating traps on the ‘
Sturgeon River. Males shown by stippling,
females by crosshatching., Note logarithmic
scale for numbers/ trap/ day. :
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“encounter ‘an. ob}ect sultable for crawllng up before they

—»9.—«-.-.

[

;began to. decrease sharply in number dur1ng the last week of

1

Augxst A few small nets (of early 1nstar larvae) were

observed until the middle of September All larval 1nstars

construct f11ter1ng nets (Bﬁ!ckenste1n 1955) Dur1ng

_‘autumn w1nter and early sprlng,‘larvae d1d not bu1ld

capture - nets,-:but. ma1nta1ned a small retreat tube of s1lk

v 51m1lar to the: retreat portzon,of the'capture net., In 1982 R

the’ f1rst appearance of nets vas: not untll 12 July . Based

©on emergence records, the. 1982 life. cycle; phenology was. . .

about a week ‘behing that of -1981.

Pupae of N. blmaculata u5ually swim Untll they e

hjeclose.. Pupae do not eclose on contact w1th the surface in

m1dstream.

A’ large proportion of larvae were infected with a
gregarine protozoan parasite. Rates of 1nfect10n ranged
from 50-<100% in samples anm1ned These protozoans were
found in their sporadin stage between the peritrophic
membrane and gut wall, a cyst-l1ke protozoan seen along the
lateral areas of the abdomen of almost all L-IV and L-V |
larvae was, probably the sexual stage of the same gregar1ne
seen along the larval quts. gregar1nes are apparently

common in Trichoptera larvae. In a survey of Italian

'Trichoptera 39 of 71 species checked had gregarines; but of

the three polycentropodids, none had gregarine parasites

(Moretti and Sorcettiv1981).

SR



_regress1on computer package (BMDP Un1ver51ty of

1"aCaI1forn1a)

Microdistribution

[y

Since the distribution of larvae was significantly

non-random, with variance:mean ratios greater than one,

. _~~T.e. clum ed (X?, p<o0. 05) in all instars on all dates
p p

(except for very few 1nstances) abundance data were

log(n+1) transformed before ana1y51s The dlfferent instars

.were con51dered separately for the analy51s to test for

1nstar spec1f1c patterns of dlstr1but1on Sampllng dates
were con51dered separately to av01d compllcat1ons due to
phenology of N. bimaculata or aquatlc macrophytes or other.

env1ronmental varlables. Data were analyzed with product

R v -

««««
,,,,,,,,,,,

- ,'momenb correlatlons (Sokal and Rohlf 1981) and.a multlﬁle

Chara sp. and Potamogeton nﬂchandsonlz were the
predominant aquat1c macrophytes during the study period.
Potamogeton grew from‘tubers beginning in May and died

: ~
during autumn, whtle Chara covered about the same relative

- amount of bottom area throughout the sampllng per1od

(Flgure 6). The apparent 1ncrease-1n Chara abundance late
in the’ season may represent its underestimation in samples
when it was obscured by the dense P. richardsoni i
population. Myriophy! lum exalbescens and Potamogeton |
pectinatus populations were common but did not cover much of
the total area sampled; both were seasonal in abundance,

being present only during the summer and autumn., Since

:":EbuféétdmjandjTypha~?atff0773 populations were only in -
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Figure 6. Seasonal phenology of Chara sp., Potamogeton

richardsonii and total plants based on
percentage cover in samples,
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,marglnal aréas, they rarely occurred in samples.5

-

Den51t1es of N bjmacu[ata 1arvae in each instar vere

often - p051t1vely correlated with total plant cover

) (Table 3) . Of the dqfferenc'hacrophytes,.Chana and_ e }']

P. PiChansonll had the most number of 51gn1f1cant

associations w1th N blmaculata den51t1es.~‘The only

negatlvezcorrelatlon with density of L-1IV larvae. Although

Eqursetum spec1mens were rare -in samples (cover1ng a mean of

’

2. 3% 1n 3.out_of 20 sampIES) it was p051t1vely correlated

w1th den51t1es of L-I and L IV larvae and total den51ty on ’

15 June 1982, There were, only a few 51gn1f1cant

P

]

correlatlons between current veloclty and N. blmaculata
dens1ty (Table 3) : Den51ty of larvae-tended to be
p051t1vely correlated with depth except for the negative
correlat1on between flrst instar larvae and depth on

3 August |

\

On most dates, the numbers of the different larval

_1nstars were p051t1vely correlated with. each other (p<O 05)

-

'have suggested some m1crohab1tat dlfferentlatlon between

1nstars. Den51t1es of prepupae and pupae were rarely

correlated w1th larval instars other than L- V

Population Dynamics

Populatzon estimates were characterlzed by hlgh

gvariance. On all sampllng dates the numbers in most instars

=
551gn1f1cant aSSOCIatlon w1th Myriophy!lum exalbescens was a

~There were no, s1gn1f1cant negatlwe correlatlons, wh1ch mlghtz_.~

-~

. 2‘.3‘. . . )
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ent correlations
eClipsis bimaculata and

o e

" Chara- P. p.° Equis—z.M:7eé;'Qgttent-Depth"

- +TOTx*x

..(d-m) Plant- etum -t
- 1981 Cover -
19-05 y +LITI#
, +P#
- 15-06. ° "LIVE . -LIs sp1sx . - T
o ’ : *PP¥ . 4+pVy - - |
. +Px +TOT* . s
29-06 +LV#x +Px* ~LV#*
_ . -PP#
1307 ) +LIV*
‘ +LV*
03-08 +LIs* +LI* . LIV +LI* ~LIx
+*LITII* +LIV#* +LVs +LIT*
*LIV¥* 4LV%  +ppxs +LITL#
+LV** +Px %
+PP#
17:08 +LIII# o - - 4Ly . . LIV
s 7 FLIV#% +LVx
+LV* +PPx
, 4B L
rao9 T SLIVE . ppve .
707-12 +LEI+ - +LTIs
+LIII®  +LITI#*
+LIV¥  +LIV% ...

** p<0.01

Potamogetpn bichandsonil

* Myrioph

y1lum exalbescens
* p<0.05 o
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had varlance to mean ratlos 51gn1f1cantly greater than one

(X2, p<o0. 05? ' The hlghest density recorded was 1171
- P &

‘1nd1v1duals 1n 945 cm’,ror 1239?~ "* (see” Appendlx 1).

Larval dens1t1es of the w1nter generatlon were only

\

about 15% of those of the summer generatlon in 1981

(Flgure 7). The winter generatlon appeared to 1ncrease 1n

#
abundance over the course of the w1nter and early sprlng,.;x,,

“{,before,the beglnnlng of” the emergence perlod However this

is an artlfact of the small number of samples (n= 5), since
data from core samples suggests that density decreased over
winter'(Appendix 1). The summer generation reached its peak
density on 13 July 1981 and began decreasing again as the
adults of this generation began emerging. The populat1on

declined sharply during middle and late August'

. Larval den51t1es Sf L-1V) L“V and total 1nd1v1duaIs \
e
(1nclud1ng prepupae and pupae) over the study period showed

two. d1st1nct peaks one for each generatlon in early May

e vt

'and m1d July (Flgure 7 and Appendlx 2)

Emergence trap data for 1982 also 1nd1cated two peaks

,.(Flgure 5) But emergence data as a population est1mate may
‘be biased since bupae may swim to the traps as a convenlent

.object to crawl onto prior to eclosion, Emergence data

showed that the summer generation was 55.4X more numerous
*

than the winter generation in 1982 The large increase in

the numbers of summer generatlon adultsocollected in 1982,

relative to‘T981 mlght be due to a mlnor mod1f1catlon I

- made to the trap nets in 1982 (the addition of a cloth

P e e
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Figure 7. Population estimates of Neureclipsis bimaculata
- for larval instars IV and V, and total
individuals (including all larval instars, PP
and P) from benthic samples. Geometric means
+95% confidence intervals. Note logarithmic
scale, :
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;flange along the bottom) : However,_the large number of
ﬁVaadults observed flylng 1n the f1e1d and the large number of
ipupae (pharate adults) sw1mm1ng about in the river in- 1982

'were not noted in 1981 The numbers of adults collected in-
-emcrgence traps in 1982 were 127 (winter generatlon)-and '
37040 (summer generatlon) The sex rat1o was’ not d1fferent
| from unity in the w1nter generatlon (x=—1 32 p>0.1, 1d4.f.), -
but males were s1gn1f1cantly more numerous than females
(1. 36:1 males: females) in, the summer generatLon »
'(X’—163 2, p<0. 001, -1d. £. ).

. & .
Productlon was est1mated u51ng the 1nstantaneous growth

o method (Waters 1977) Annual produet1on for the

N. bfmaculata population in the.Sturgeon;R;ver for 1981 was
;calculated to be 3.58:.g dry wt-m"Vyr"'(Tabie 4) |
nApprox1mately 74% (2_66,gm) was contr1buted by the summer
'generation ' Ash content of larvae ‘was 4. 25%, maklng —
ash- free productlon 3 43 g-m-? yr".' Turnover ratlos
h(productlon/ X blomass) were 5. 25 for the winter generat1on
.ﬁand 641 for the summer generat1on. Note that calculat1ons
.ior the w1nter generat1on were based on.. parts of two

d1fferent cohorts.

Discussion
Life~History @\

Larval growth and 1nstar data. 1nd1cate a b1volt1ne l1fe

'cycle for. the N. bimaculata populatlon in the Sturgeon

-AT_R1ver. The b1moda1 nature of the emergence data and the
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¥ All vaWues in brackets are f
Note: all values based on an a

Or summer generation
rea of 945 cm:?,

Date = MIW} Standing  Growth - .. Mean . . Pprod-.
- (d-m-y) (mg} = Crop Standing - uction
' » - /945cm?. Crop
06-11-80 0.24 2.03 , « T
o I t 0.74 12.30 9.11
- 05-05-81 0.49 . - 22,57 A - -
- . , 0.87 44,21 38.41
19-05-81 1.18 65.84 . L ’ L
' _ o : 0.35 45.10 15.65
02-06-81 1.67 24.36 e ;- g
. ‘ . ' 0.37 22,13 8.12
15-06:81 2.41 19.89 '
. (0.005)% (0,019) j ;
L - 0.17 14,25 . 2.49
o - L o (1.22) 7 (0.44) (0.54)
29-06-81 2.87 .o 8.62° R
- (0.017) (0.86) P : -
: R L (2.75)  (51.51) © (141.66)
13:07-81- (0.27) (102.16) - co o .
e L . (0.86)  (87.29) (75.42)
03-08-81 (0.63) (72.42) -
B . 0.019~ : 1,19 - L .
o _ . (0.43) (45.06) (19.69)
‘ R 1.04 © 2,13 2,22
17-08-81 (0.98) (17.70) : _ e
~ 0.054 ' 3.07 . T
S (1a17) (11.48)  -(13.41)
. s 0,92 4.59 S 4.24
31-08-81 (3.16) (5.27) ..+ . : B
: 0.14 S 6.12° 0 - A
_ ‘ _ . 0.25 7.87 .- 1,94
14-09-84 0.17 9.62 ‘ SR .
. : * : 0.81 8.02 - 6.52
15-10-81 0.39 6.43" o '
N S L -0.33 5.12 -1.67
- 07-12-81 - 0.28 3.80 :
' : ST . 16.57 —  87.05
\ (39.16) ° (250.99)
: : . , X= 30.12 - 338,03
‘ fMeanﬂiﬁividual Weight /
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populatlon est1mates also support thlS 1nterpretatlon.,

2P w e LI SNV ~ wr e t de T ISON - L ® 3. B Lo B - B

However the warratlon 1n"developmental stages w1th1n a~ -~
L]

wcohort affd the”resultlng oVerlapvofchhorts dur1ng the late~

- e aow »'u.r-rc

. summer mdke 1t d1ff%£ult to read1ly dlst1ngu1sh the two

generat1ons. Longer 1ntervals between sampl1ng would have
"obscured a b1volt1ne 1nterpretatlon of the life cycle

Thls is the first detalled study of a NeurecllpSIs :

bimaculata: populatlon in’ North Amerlca. Robertson (1967)

. made observatronsﬁon the life cyole of«alN bimaculata T

éﬂpopulatlon 1n ¢he Wanderlng River, Alberta where:it leaves

N’

Lyle Lake.A Based on monthly sampllng and w1th relatlvely
few larvae, he concluded that the populatlon was un1volt1ne
in the Wanderlng River. Robertson also noted the wide range
of 51zes present throughout the year. All other’ work on
this spec1es has been reported from the Palaearctic. .
Wesenberg-Lundl11911) suggested that N. bimaculata had a
2-year life cycle in west benmark but gave no reason for
this conclusion. He may have based this on the wide range
of 51zes of larvae present at most t1mes of -the year. Aimh
(1926) also reported a 2 year life cycle in Sweden based on
the large variation of larval 51zes found in late November.
Statzner (1979) accepts Alm's 1nterpretat10n of alto

2 year life cycle. However Statzner s data are not
1ncompatab1e with a bivoltine life cycle 1nterpretat10n.
Tachet and Bournaud (1981) recently descrlbed a

N. blmaculata populatlon as unlvo}tlne in France. In

Bavar1a,.populat1ons of this spec1es have been reported to

v -

o

k.



have two fllght perlods suggesting bivoltinism (Brickenstein

1955) * The flight perlod is quite long (2-4 months) in most

. reglons (Wesenberg Lund 1911, N1mmo.1n.press)r Whether

:pEuropean populat1ons have a bivoltine life cycle cannot be

resolved satisfactorily from available data. Perhaps
N. bimaculata populations are capable of flexibility in the
duration of the lifejcycle as has been reported for'some

other caddisflies (e.qg. Gotceitas and Clifford in press).

-

e Estimates.pfudegree\day acéumulations4dn«the'Sturgeon

River for the summer generations.of N. bimaculata amounted
to 1270 and 930 degree -days in 1981 and 1982 respect1Ve1y,
and 1500 degree days for the winter generatlon 1981 to "1982.

The annual degree: day accumulation in the Wandering River

was about 2525 (calculated from data in Robertson 1967) and

an average of 4360 for the Rhéne Rlver - France (calculated

from data in Tachet and Bournaud 1981) ' Even 1f there is a

‘threshold temperature for growth both the Wandering R1ver

and Rhone River sites prov1de warm enough conditions for

N. bimaculata to be bivoltine. From this I conclude that

--either temperature is not the most important variable

determlnlng apparent volt1n1sm of N bimaculata or these
workers mls1nterpreted their life cycle data. //If
temperature is not of paramount importance then one must
look elsewhere for env1ronmenta1 conditions influencing

voltinism. Pletnocnemia conspersa (Curti"s)

‘ .(Polycentropodldae) populatlons can complete the llfe cycle

at different rates dependlng on both temperature and food

\

B

N
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supply (Tachet 1967). As will be»discussed in the next
section productivity of the lake feeding a stream and
resultlng seston loads may play a part in .determining -
voltinism | - | |

The sex-related size dimorphism of instar L-V head
w1dths may account for the six larval 1nstars attributed to
this species by Brickenstein (1955). This bimodal. .

. distribution of L-V head widths has recently been shown tg

< - P -

“be a sen related size dimorphism in other caddisfly species

- e.g. Odontocerum albicorne (S‘copoli) (Elliott 1982) and

Dicosmoecus_atpipes (Hagen) (Wiggins and Richardson 1982l.
Adult males appeared in the population about a week

m before females. There was no significant difference in

growth rates between the sexes (see chapter_z). The longer

time for females to reach maturity is prohably due to the

fact that'they reech a weight 3.4 times that oﬁ males and

. therefore take longer to mature. Perhaps'the significantly

lower number of females in- the summer generation of 1982

represents extra mortality dur1ng this extra time as'larvae.
Observations on the seasonality of net spinning by

N. Bimaculata larvae in‘European streams

'(Wesenberg-Lund 1911, Brickenstein 1955 .Statzner 1979) are

51m11ar to those of the Sturgeon River study.

Wesenberg Lund (1911) found a few nets in December when the

lake that was the source of his stream was ice- covered. Net

bu11d1ng is strongly affected by current As current

velocxty 1ncreases, smaller and smaller nets are
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(
constructed; eventually they cannot be made to withstand the

current (Brickenstein- 1955). 1In the Sturgeon R1ver net

4'construction apparently started much later in: 1982 than in

11981 Thls may be attributed to the h;gher.dlscharge and

accompanying greater current velocities in 1982, Once
aguatic macrophytes were large enough to- 1mpede the current

N. blmaculata nets began.: to appear. Henr1~Tachet (personal
commun1eatlon) collécted Lacge,numbers:of*N- b;mécu4ata

» Ou

larvae at certa1n 51tes in the Rhone ‘River only during years

of low d1§charge and low current velocities. Other filter

feeding caddlsflles have- aIso been - reported hot to spin nets )

durlng w1nter under ice cover (Fuller and Mackay 1980).
Some spec1es of HydPopsyche sw1tch to grazing 1nstead of

filter feeding durlng the period when they do not maintain

e Qr

-

,R"

nets (Fuller and Mackay 1980).: I have®no data.on“wlnter R

feeding by N. bimaculata larvae.

Mostbpopuletions'of zooplanktonrreach their max imum
den51ty between Aprll and October particularly cladoceran
.populatlons (Hutchlnson 1967, Arm1tage and Capper 1976).

The seasonal per10d1c1ty of net building by N bimaculata
corresponds well with the seasonal den51ty fluctuatlons of
11mnet1c zooplankton spec1es. The onset and end of net
bu1ld1ng by N. bfmaculata latvae in the Sturgeon River
occured when the water temperature was close to 10 to 12 C.

If the 1ncrease in zooplankton numbers is as strongly
-‘

temperature related as has been suggested (Pennak 1978) then-

temperature may be an important proximate cue to net

- .

“



Vconstruction. Th1s would be an’ 1nterest1ng problem to

__large part of ‘the’ year when larvae do not .Spin nets, they _

SN

approach experlmentally

hMicrodistributionf

The 1mportance of plants as a’ substrate for the larVae

 of N blmaculata 1S apparent from my study .Plants prov1de

- substrate to which larvae can attach thelr capture nets

and retreat tubés._wgy,attachlngrtg plapfsi_sucﬁ,asjfwf i N

P. richardsonii and Equisetum sp., etc, and deadfall

branches, larvae are able to ut1l1ze the ent1re ﬁ

_Cioss-seCtlpn_of_the“rlver.'°A150° flOW’IS Teduced nearer .

the river bottom as a result of the dense growth of

A i n

'macrophytes' thlS forces larvae to- 31tuate hlgher ¥n the R

-'Hwater column to f1lter suff1c1ent food mater1al l Durlng the

wti )

are found attached to plants such as Chara and any other‘

structures to- whlch thechan attachwtheir retreat tubes..

e

~ The advantage of attach1ng to ChaPa, whlch malntalns its

holdfast over w1nter 1s obv1ous 51nce most other plants die
3

) back and ChaPa prov1des one of the few m1crohab1tats

o ‘ A &
ava1lable in w1nter., Also, much of the r1ver bottom is

severely scoured by the breakuphofklce and subsequent spr1ng
runoff, Therefore, there 1s .a strong seasonal component to“
the use of available substrates by N. bimaculata larvae. ®
Statzner‘(1978_ 1979) demonstrated the 1mportance of T

substrates that allow direct access to the water column,.byf

"using bamboo poles as art1f1c1a1 substrates. Wesenbergjnund



. .
e, . 34
- Veostt Do 0w o P N
R L T E At L I Ay
6l - : -
R \‘<_.- - . e, - . e e R e .
. -n_..r,.,-. o o v ‘,‘, N b

- “ . e - . - -~ .
°~.4,.» N . " b - R . HEE s e e o« Lo B .
- B - - ; 5 . - o . B

'.‘f‘("191‘1'- 1943) reported that N blmaculata larvae were’ denSe
on plants such .as Potamogeton and gave some 1llustratlons ot
A{_net form.. My results are: szmalar to: those reported 1n
.Wesenberg.Lund s work L B g ST

. Statzner (1979) descr1bed the 1mportance of clumps of
shells of Dﬁelssena polymorpha (Pallas) (Pelecypoda) in
prov1d1ng sultable substrate for N. bfmaculata larvae to

attach their. nets Remov1ng all Dnelssena Spec1mens ;5

51gn1f1can¢lywreduqed N blmaculata dens1t1es (Statzner

B .o - o e

1978). The larvae have also been reported to l1ve under or

between stones in faster flowing water than found in the

.."Sturgeon R1ver (Br1ndle 1960 Arm1tage 1976) Although

there were some areas of stone and gravel bottom in the
vaSturgeon R;vgr very few N, bfmaculata larvae were collected
in these areas. R

The 1nf1uence of current on the d15tr1but10n of

N. bimaculata larvae has been commented on prev1ously

v,(Br1ckenste1n 1955) In one study, larvae colonlzed

art1f1c1al substrate. baskets of stones in currents up to
60 cm-s-', although most larvae were found in slower water
(Armitage 1976). Current velocities in the Sturgeon River |
in 1981 were almost always less than 20 cm-s”' and usually,
less than 10 cm's-'. Larvae of N. bimaculata were found in
abundance even in slow-moving marginal areas where currents
”Qwere less'than the detectlon 11m1ts of the current meter
(about 5-6 cm°s"). Given the -range of current speeds

Z“reported$forﬂN;“bTmaCulata, there was not a, wide enough



determ1ne current'speed preferences Wallace et al

oo

' Tunpubllshed manUScrlpt) noted ,an 1nverse relat1onsh1p

between the size of the capture net and current veloc1ty 1n

.Sweden. Thus, the hlgh dlscharge and accompanylng fast
currents in the Sturgeon Rlver in 1982 may have been
'respon51ble for the delay in net- building observed
Population Dynamics T

The sudden declrne in numbers of larvae in} late August

1981, suggests that the lower dens1ty in the w1nter

}w1nter A number of hypotheses related to reductlon in
aua11able substrate and delayed hatchlng of eggs may be
proposed to explain this phenomenon as. outllned below.

The w1nter generatlon appears as the vegetat1on d1es'
back; hence less substrate is avallable and young larvae may
be more vulnerable to predat1on than durlng summer " This
could affect population sizes. This hypothes1s could be
tested by artificially increasing avai{able substrate.

' If Robertson s (1967) hypothesis that there is
| continuous or delayed hatching of N; bimaculata larvaé is
correct, then perhaps a large proport1on of the populatlon
overwinters as eggs. Statzner (1979) reported finding f1rst
instar N. blmaculata throughout the autumn and. winter in
Germany Also, other polycentropodid populationshare

thought to have continuous hatching, e.gq. Polycentropus
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flavomacUlatus (Plctet) (E111ott 1968) ‘and” Piécfnocnemla

AAAAA
ggggg

conspensa. (dengton and H1ldrew 1981) : The~apparent‘ e

P .

: 1ncrease of N. b)maculata larvae durlng w1nter 1n my study - -

i's the result of small sample sizes. The numbers of larvae

from core’ samples durlng this perlod showed a decrease in

.numbers through the winter. Thus, density estimates and the

absence of f1rst instar larvae, except in summer, suggests
there is no cont1nuous hatchlng in this populat1on of
N. bimaculata. This is in contrast to the f1nd1ngs of
Statznen (1979) | o

The 1ncrease in’ the Néuneclipsts populatlon size from h

1981. to 1982 might have been a result of higher water levels

© and greater discharge in 1982 (once current veloc1t1es were .

slow enough to permit net constructlon) The increase in
depth would provide a greater cross-section of river which
larvae could occupy. The higher discharge also would
provide greater total amounts of seston.for these filter
feedlng larvae. ‘ | _
'The production value (3,58 gm-m-?) for the N
N. bimaculata population in the Sturgeon River is hlgher
than reported for most cadd1sf11es although by'no means the
hlghest (Waters 1977, Benke and Wallace 1980) Cudney and
Wallace (1980) reported values up to 18.2 g- m"-yr" for a
Cheumatopsyche pasella Ross population, in the Savannah

River of the southeastern United States,
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There are’ two other common w1despread species of

NeUFeCIIpSIS N cnepusculanls (Walker), and

N. valida (Walker), A population of N. crepuscularis in the

Savannah ‘River, U.Slnt was.hlvoltine (Cudneyrand

Wallace 1980), The>larvae“of'thls population were found
mostly in current velocities from 10 to 25 cm-s-' which is
similar to the range of current speeds where N. bimaculata
larvae are found. The capture net of N. crepusculaﬁls |
larvae is 11ke that of N. blmaculata ACudney and

Wallace 1980, “J. B Wallace -personal communication),

' Information on N. valida is scarce, but the larvae appear to

11ve in stronger currents than N, blmaculata. NeUFeclIDSIS
val ida Bas been reported from the Montreal River,
Saskatchewan Canadav(Cush1ng 1963, personal communicatlon)
~and waveswept shorel1nes of South Indian Lake Manltoba,
Canada (D. M Rosenberg personal communlcatlon)

Apparent differences in voltinism of N. bimaculata
throughoutv&ts range need to be con51dered relatlve to
env1ronmehtal factors other than degree day accumulatmons
because temperature alone would not appear to account for
the differences. It would be 1nterest1ng to con51der how
temperature influences net building of N. bimaculata and its
relatlon to population growth ‘of zooplankton spec1es. The

hypothesis that voltinism may be more closely related to

product1v1ty of the source lake (than to, for example,

temperature) should be considered.



Experlmental manlpulatlon of mlcrohabltats may be
necessary to understand fully the 1mportance of certaln

plant typesﬂto m1crod15tr1but10n. These manipulations -

should also be designed to detect seasonal shlfts ,in larval

-_m1crod15tr1but1on which seem to occur. One pattern not

1nvest1gated was the height aboye the river bottom that
larvae occupy This will obviously be related to the
phenology of the plants used as substrate, but will also
l1kely show that larvae occur higher in the water column
durlng summer than at other t1mes. Some sort of
manlpulatlon or art1f1c1al substrate de31gn woulg'lmprove
the estlmates of relatlve populatlon numbers although to do
thlS one needs to con51der seasonal changes in mlcrohabltat

utlllzatlon.
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CHAPTER TWO
Seston dynamice and their fnfluence on the growth and
dlstr1but10n ot Neureclipsis blmaculata (Tribhoptera:

Polycentropodldae) larvae in a boreal river, Alberta.

Introduction

For several ‘years f;eshwater ecologlsts have been
‘1nterested in the abundance, and longltudlnal patterns of
abundance, of invertebrates (especially filter feeders)
downstream of lakes and reservoirs. ;Changes in seston type
angfabundance have been‘studied by a,number of workers
(Chandler 1937, Reif 1939, Maciolek and Tunzi 1968,
Carlsson et al. 1977) as have variations in the abundance of
invertebrates downstream of lakes (Muller 1954, Illies 1956,
Cushing 1963, Oswood 1879). Most filter feeding organisms
reach naximal densities immediately below lake outfalls,
w1th abundance decrea51ng exponent1ally downstream (Sheldon
and Oswood 1977) A number of adult aquatlc 1nsects fly
upstream untll they encounter a lake and then oviposit in
the outflow area,'and this can account for high‘densities_of
.larvae in lake outflew streams (Mﬁiler_1954, 1982)., Mﬂiler
(1954) considered a "lake outlet community™ as distinct from
other lotic communities.. |

Some filter feeding invertebrates are lafgely
restricted to lake and reservoir eutflows.' Seme common
filter feeders deerease in numbers downstream of‘a lake
outlet, while others, such as larvae of certain simuliids
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“and N@urecllpsts bimaculata (L.) usually disappear entlrely
a short dlstance downstream of lakes (Carlsson et al. 1977,
Edington and Hildrew 1981, Statzner 1979).- Obviously, some
unique combination of ecological factors restr1cts
distribution of these - ‘populations.
| Some of the character15t1cs of ‘lake outflow reaches of -
streams'that change downstream include (1) type and
abundance of seston (suspended particulate matter) includlng
silt load, (2) short- term var1at10n in discharge, and (3)
daily temperature var1at1ons Also lake outflows tend to
ﬁi wide and shallow, prov1d1ng relatlvely more lam1nar flow
(Armitage l976 Carlsson et al. 1977) Many authors have
mentioned that lake- produced seston is a potential food
source (rich with live algae and zooplankters) for stream
1nvertebrates. However l1ttle work has been done on the
seston dynamlcs and the importance of changes 1n ‘seston - . //ff\fv
quality on the growth of filter. feeding 1nvertebrates.<
Carlsson et al. (1977) suggested-that lake outlet 'seston
concentrations of'particles greater than 2 pm in diameter
were not the major influence on the abundance of simuliids

at lake outlets. Statzner (1978) stated that the abundant

. planktonic drift at lake outflows was of minor 1mportance to

the distribution of N. $imaculata larvae.

I. studied aspects of the seston dynamics from a lake'
outlet stream in"central Alberta, Canada.’ Experiments were
des;gned.to test the effect of seston changes on growth of

N. bimaCuIafa larvae.. Particularly, I wished to-test the

®
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) hypothe51s that seston type and abundance are 1mportant

‘apparent exceptlons to, th1s pattern of d1str1butlon are

41

’determlnants of the d1str1but1on of N bimaculata larvae at

‘lake outfalls. In addztlon, alternate hypotheses Eor" and

o

: gcon51dered

Study Area

The Sturgeon vaer is'a slow movyng, third order stream

Tof the boreal forest reglon, dra1n1ng 1nto the North

ggskatcbewan Rlver. The sectlon of rlver con51dered in my

study flows out of Lac Ste. Anne, and entera.Matchayaw

d("Dev1l‘s ) Lake about 25 km. downstream (53°43" N,
114°15! "W). (F1gure 8) The r1ver descends at an average
,rgrad1ent of about 2 1 m- km “between the two lakes.v‘Six

'9”s1tes on the river weré‘studled dur1ng 1982 ‘Two sites were

\

’ ‘Studled in detail and these are referred to as the "Lake

and "Onoway stat1ons (Flgure 8).

Materials and Methods

Water samples for seston analys1s were collected either
by a van Dorn bottle from a brxdge, or by 1mmer51ng water,

Fbottles by hand. Known volumes of water were f11tered

through preashed Whatmano GL/C filters., F1lters vere drled

" (50°C; 24 hrs. ), we1ghed (Mettler AK160 to nearest 0 1 mg)

:ashed (550 C 1 hr ). rewetted (to restore water of

.

fractlons, the wet letration method of Gurtz et al. (1980)

L nN

ﬁfhyapation) drled and we1ghed.i To separate seston 1nto 51ze'_;¥_
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was usad.

To study the effect of seston source (i.e. lake outlet
~or a downstream site) on growth flfth xnstar N. bimacul@ta
larvae were collected transported to the laboratory and
:separated into males and females on the bas1s of head w1dth

(see Chapter 4). Larvae were blotted welghed and each

placed in a separate maried cage (descrlbed below) To

- avoid hav1ng 1nd1v1duals beg1n metamorph051s dur1ng an

.experlment, only male larvae below 15 mg’(wet weight),andv‘

~ females below 35'mg were-used. 'Thistthreshold ﬁeight‘was
determined so that exper1mental an1mals we1ghed at least
3 to 5 _mg less than the smallest prepupa of each sex. .

- The cages were cylinders (7 Xx 3 cm): of Nitexe screenlng
w1th mesh openlng of approxlmately 1. 0 mm. These cyl1nders
were capped at each end with another plece of screen1ng N
4fastened with . 5111cone sealant, About four or five meshes
of one end were cut so that larvae and food could be
1nserted but the nylon meshes were: close enough together to
close off ex1t to the larvae.

Forfthe laboratory experlments,vsestonhwas collected
'from each of the two field sites, Lake'and Onoway éeston )
was collected u31ng a plankton net'w1th mesh openlng of
80 um, at 36 hour 1ntervals ‘to account for var1at1on in
~qQuality or quantlty of seston and to ma1nta1n a fresh supply

..of food for the larvae. »The concentrated seston from each

" of these two 51tes were. the two feedlng treatments.;
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In theffirst experiment‘ 12 1arvae (6 of each sex) were
randomly a551gned to each ‘of two laboratory .Streams, vhich
were in a - controlled env1ronment room (20°C 15L: 9D
thotoperiod);v Larvae were allowed 24 hrs to sp1n nets

:1n31de thelr cages. Seston,.elther from the Lake or Onoway
stat1on was then placed 1nto the larval nets by‘means of a
pipette inserted into the openan of the cage. Large
.amounts oa'seston‘(such that food mater1al remalned in the
net at the- next feedlng) were added to the net of each larva
at least four times a“"day on ‘an 1rregular basis. After 8
days, larvae were removed blotted and welghed adaln.

~ In a second laboratory experlment 10 polystyrene

contalners (29x18x13 cm) were used. Each was supplled w1th
an air bubbler to Create a sl1ght current One male and one
female larva were we1ghed and placed in each tank. The
tanks were randomly a551gned to the two feed1ng treatments
- As 1n experlment 1 larvae were fed concentrated seston by
means. of: a plpette 1nserted in the front of the net.ﬁ After'
'8 days larvae were rewelghed and preServed .

Another group of N. blmaculata larvae were, placed in
polystyrene contalners and fed 30 40 Daphnla pulex Leydlg
per day for 8 days. In all laboratory experlments, feedlng
was ended 12 hours before the larvae were rewe1ghed ‘

In a fleld experlment female larvae ‘were - ‘randomly
assigned to two groups of "10 larvae each,\wet weighed and

: placed 1nto cages as in experlment 1. These 10 cagds\per

treatment were attached to wooden stakes, and one stake per
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treatment (10 cages) was placed at each of the two fleld
Sites (Lake and Onoway statlons) An attempt was: made to
choose locat1ons with 51m1lar mean current (25 cm- s"),
depth (75 cm) and llghtlng (unshaded) After 8 days these
cages were recovered and larvae agaln wet weighed and
preserved. ' : o
/ -

¢ Individual growth rates were calculated by the o
1nstantaneous growth rate. (IGR) equation

(1) . IGR=log W, - log W, ‘where W,=initial we1ght

t I - .Wz—f1nal weight.
) , S t= t1me in days.

For 2ll treatments, percent weight*increase was calculated

by

KZ) Relative= =W, - W, X100%.
Growth W,

All exper1ments were carried out between 10 Angust and

2 September 1982

Results
Seston Dynamlcs
There were marked seasonal changes in seston
concentrations leaving Lac Ste.wAnne (Fignre 9). Values
during the ~early half of the summer were lower than those

during the last half of’ July through August At the lake
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outletd(Lake station), the inorganic fraction of the seston

was always less than the organic portion and usually less

~than 30% of total seston' At the Onoway statlon the

V51tuat10n was reversed w1th the 1norgan1c component very

’

hlgh and the organic portlon usually less than one-third of
total seston, The seston load at Onoway varied more between

sampling tfips than the load at the lake outlet, largely'due

to the 1norgan1c fraction. These dlfferences were dbv1ous
from day to day (Figure 10). : : /

L)

Seston was divided- 1nto four size. fractlons . The

amount in each size fractlon was varlable between sampling

dates. The size fraction less than 63 pm usually made up

more than 50% of the total welght of seston., Particles more

than 250 um con51stently made up tHe smallest proportlon of
the four size categories (Flgure 11) Suspended |
partlculates tended to be larger at the lake. outlet than at:
the Onoway statlon.

Concentratlons of organiCsparticuiate matter (OPM) ug%e
felatively constant at the downstream sites, although |

seasOnally vafiable at the lake outlet (Flgures 9 and 10).

-Inorganic partaculate matter (IPM) 1ncreased with 1ncrea51ng'

'dlstance downstream but decreased s1gn1f1cantly (t- test

p<0.05 4 daf) 1mmed1ately downstream of Matchayaw Lake

(Flgure 12)

48
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Growth Rates

The instantaneous.growth rates of a group of larvae fed

live Daphnla did not dev1ate 51gn1f1cantly from zero when

_plotted.agalnst mean individual larval weight (ANOVA,

p>0.05, n=21), Thereforé size-related differences in growth

-

cou%g be ignore
In laboratory experiment 1, two larvae hegan pupation_
and two other larvae died. These.animals were disregarded,
reduc1ng the sample 51ze in certain treatments., The
1nstantaneous growth rate was calculated for rema1n1ng
individuals and’ tested by a 2-way ANOVA (BMDP computer
package University of California). Growth varied
51gn1f1cantly both between seston treatments (p<0. 0001
1 d.f.) and between sexes (p<0.001, 1 d.f.). There was no
51gn1f1cant 1nteraction (p>0.05). The relative weight
changes for each treatment ate shown in Table 5. Note the
hlgh varlance of the relative welght.changes within

treatments,

~In the second laboratory experiment, all larvae spun

nets of 51zes similar to those seen in .the field. Durlng

thlS experiment a total of three anlmals died (one lake

- seston treatment, two- Onoway seston treatment) In this

experiment, the difference in growth rate between sexes was

not significant (p>0.05, 1 d.f.), but the difference between{

stations was highly significant (p<0.0001, 1 4.f. ).. As in

" experiment 1, larvae in the Lake treatment grew faster than

larvae in the Onoway. treéthnt (Figure 13).

T TR T AT N 0 e e v
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Table 5.

¢

<

:'téboratory Expériment'1,

Onoway
Lake

Laboratory Experiment 2,

2 —

k» .

Onoway
.Lake

Field Experiment.

) Daphnia.

Percent increase in in
Neureclipsis bimacuilat
feeding under experime
tstandard “error and N,

male
14.8 +33.7
9.4 +152.7
male
0.2 2.2
58.3 +29.2
Onozgy
-2.5 3.6
male
97.5 4253

female

dividual wet weight of
a larvae after 8 days of
ntal conditions. Means

3.7 $14.5
69.0 +159.0

take

0.1 %34.7

female

67.1 $58.5

52
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In the field experiment only females .were used 'Seven~
of the 1n1t1al 20 anlmals (4 from lake 51te 3 from Onoway
site) were unaccounted for. Presumably they escaped via the
small hole made for 1nsert10n All cages conta1n1ng an1mais\
had definite nets inside them, Growth of N. blmaculata
1arvae at -the lake.outlet was 51gnificantly greater than at
the Onoway site (t-test, p<0.05, 1i df) (Figure 14).

There was no significantIQifference in the growth rates
of male,or female larvae fed Daphnia (t-test, p>0.2, 19 df).
The growth rates of larvae fed ses¢on from the lake station
1n laboratory experlment 2 were not s1gn1f1cantly dlfferent
from those of larvae fed pure diets of Daphnia
(males t=2. 12, 8 df, p>0.05, females t=0.33, 18 4f, p>0.1).

_ - Discussion
Seston changes and growth of N. bimaculata
"Seston values obtalned in this study are w1th1n the

normal range of valueQ»found in other studies of seston

-
e
o

dynamics (Sedell et al ‘1978) The short term variation 1n
seston loads is probably the result of dlfferent processes
at the two s1te§ '%ﬁg the lake outlet the dlfferences are
presumably due t tﬁe different types and numbers of
organisms be1n;“oa%r1ed out of the. lake relative to season,
temperature, llght, prec1p1tat10n dlscharge, w1nd etc. At

the downstream site, runoff 1s probably of most 1mmed1ate.

Jmportance in 1nfluenc1ng seston dynamlcs.
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d__taken.- The large 1norgan1c component of seston at Onoway

growth for anlmals fed seston collected 17 km downstream of

There was a moderate decllne in the concentrat1on of

~

“organlc seston downstream from the lake and a’ large 1ncrease’~

¥1n the 1norgan1c fract1on. Seston samples from the lake

e
Y

contalned large amounts of algae,_as well as copepods and

r”cladocerans, whereas samples from Onoway had mostly detr1tus

}part1cles, f1ne sand and 511t.;“A comparlson of the 1;1‘,

-

: chlorophyll a: concentratlons at each of the two sites on

9 September 1982 »showed that the Lake seston had a

concentratlon 2 5 times that -of. the Onoway seston The‘- -

'*dlfference 1s 11kely greater durlng the summer s1nce algae

populatlons were already dylng back when these samples were

e, -

g

' seems character1st1c of the Sturgeon R1ver._ This agrees

with the general observatlon that lakes act as . 51nks for-

i.s1it (Armltage 1976)

The results of the exper1ments reported here reveal

"that seston quallty is very 1mportant 1n determlnlng the

[

: growth of larval N. blmaculata. Even though larvae were fed

in excess of what they could 1ngest there was negllglble

-

\

the lake._ In fact ,many larvae lost welght on a d:et of

.

';useston from the Onoway 51te.rﬂgowever, larvae of Hydropsyche
Aﬁand Cheumatopsyche‘were both common at the Onoway'sxte, and

;;3Zthese fllter feeders apparently surv1ve on the seston from Qr’.v'

-gthat 51te. ThlS supports the hypothe51s that seston |

*quality, not quantxty of OPM determlnes growth 1n

'7N bimaculata larvae. Seston quallty may be affected by
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| . oo v S
large concentratlons of IPM wh1ch could clog f11ter1ng nets

3

or reduce OPM intake by larvae. Experlments to test thls
}could be ea511y performed by addlng ash to. lake der1Ved
hpseston. | A e |

1 used only f1fth instar 1arvae and assumed that
'fearl1er 1nstar larvae: would show s1m11ar patterns of growth
on the two types of seston.f Early 1nstar hydropsychld
larvae have been shown to feed more heav11y on detr1tus than
‘later 1nstar larvae (Benke and Wallace 1980 Fuller“and |

Mackay 1981) But, Fuller and Mackay (1981) have'.w

_,demonstrated that th1rd and fourth instar Hyd opsyche Spp

larvae grow faster on anlmal and dlatom food than
detrltus. Even 1f early 1nstar N. blmaculata larvae .can
_ grow pn a diet of natural detritus (s1m11ar to that in
Onoway seston), ‘I predlct growth on a- d1et of lake outlet
"seston would be as h1gh or hlgher than that on a d1et of ~
detritus, : fj'?-' e f ,"” - f%?*-" .

| Growth -in terms of. rate or percent increase was Ei
variable W?thln treatments. Part ot~th1s varlatlon may be a
_dresult of dlfferences in the amount pf water w1th1n each
1arva, s1nce water content 1s known to change w1th |
phy51olog1cal and developmental conditlon (Chapman 1969).
Correlatlon between wet we1ght and dry welght of )
.N bfmaculata larvae was: s1gn1f1cant (males r=0, 9 n=22,

ig.p<0 01, females r= o 9, n=22 p<0. o1, but only accountqg for

¥

AP

»-180x of the varxat1on between these two var1ables..
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The. s1gn1f1cant d1fference between growth of male and

female larvae in the f1rst laboratory experlment was not
' observed in subsequent experlments. It'1s p0551ble'that

cage effects may have been 1mportant s1nce the cages were
smaller than the normal size of a net made by female larvae

in s1m11ar currents, and this may have 1nterfered w1th
» normal feedrng _ '

The growth rates attained on d1ets of Daphnla or seston

from the lake source can be con51dered maxlmal rates. The

ga1n in wet we1ght was very high, attest1ng to-how rapidly
N. ‘bimaculata larvae can develop. Fuller and Mackay (1981)
reported: max1mum 1ncreases of 32% for larval wet weLghts in Lo
‘Hydnopsyche sparna Ross, 26% for H. bettenl Ross and 15%

for H slossonae Banks, when. fed enchytrae1d (Ollgochaeta)
worms for 14 days.' These increases for Hydnopsyche larvae-
are much lower than .the increases obta1ned by N. blmaculata
-fharvae in only 8 days. However, ‘the Hydnopsyche experlments
3‘were conducted at 10-12°C whlle the N b}madulata laboratory‘ﬁr

eXperlments were at about 20 C.h Th1s d1fference makes-
d1rect comparison tenuous ) |

The abundance of f1lter feed1ng organlsms is usually N

max1ma1 xmmed1ate1y below‘lake outlets (Cushlng 1963, Hynes :j‘
1970 Oswood 1979) The explanat1on usually g1ven for this . :;
is that large amounts of h1gh quallty seston support ‘more
'_1nd1v1duals. As one: goes downstream from the lake source
th1s.food resourcetls processed reduc1ng its quallty and/

therefore accounting for lowered den51t1es of these fllter
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feedingforganisms downstream (Benke and Wallace 1980) - Most
of these organ1sms can also be found any dlstance downstream
.of a lake source (within certain ecologlcal constraints),
although in smaller densities’ (Cushlng 1963, Oswood 1979)
However, N. blmaculata larvae are not usually found beyond
distances.of 1.5 km belowflake outfalls (Illies 1956,
-Statzner'1979, personal observation). Rarely, a few
individuals.are ﬁound downstream, but these are likely

individuals that have{drifted from the main'populatlon.
. ¢ !

o

Effects of seston guality

While many workers considered seston qual1ty to affect
primarily population density, only recently have studles of
seston guality on individual growth.appeared in the L
literatureg(Ward~and Cummins 1979, Fuller and hackay 1981).,
If the numbers of living organisms infthe”seSton‘ls an
indlcator of seston.quality, then qual1ty decllnes rapldly
with distance from a lake outlet (Chandler 11937, Mac1olek
' and Tunzi 1968, Sheldon and Oswood 1977). If the decllne in
individual growth of larvae downstream 1s nearly |
'proportlonil to this seston quallty, then N. bimaculata o
larvae dr1ft1ng and settllng further downstream would o
o experlence lower growth rates than cOnspec1f1cs upstream.l
Lower growth w111 mean longer t1me to complete development
1ncrea51ng chances of mortallty, and slow1ng populat1on
growth, 4Ev n. 1f these "downstream" larvae can complete

'development, they may have less energy .to pu:$$ﬁ€o egg
._bl ’ ‘ .
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V'product1on and thus lower potential f1tness.‘ Thls would
certainly place a strong advantage on rema1n1ng near the
lake 0ut1et Carlsson et al. (1977) found that simuliid °

- larvae had lower growth rates with 1ncrea51ng dlstance
downstream from a lake outlet, "Wh1le other factors

'undoubtedly 1nf1uence the d15tr1but1on of-N. blmaculata

larvae the effect of seston type on 1nd1v1dual growth

suggests that it is a pr1mary~determ1nant‘of distribution

and presumably abundance._ : ﬂ‘

Larvae of.N. blmaculata do occas1onally drift, but
drlft d1stances have not been measured (Statzner 1979). ,
Statzner (1978) has shown that adult N. blmaculata fly
upstream to OV1p051t at the lake outlets. This behaviour,
?wfor aquatlc 1nsects in general has been cons1dered as .

compensatlon for drift (Muller 1954 1982) The advantage

of thlS is obvious 1f an 1nd1v1dual s offspr1ng grow better -

~hearer the lake outlet‘

My results suggest that sestdn quallty greatly

1nfluences the growth of N. \pimaculata larvae. G1ven the e

4

1mportance of an 1nd1v1dual s prox1m1§? to the source of

h1gh qua11ty seston, then’ populattons of N. blmaculata

should reach their h1ghest abundance at’ lake outlets -due’ to

5the ava11ab111ty of a h1gh qual1ty food source.

Other patterns of population distribution’

Larvae of N. blmﬁpulata have also been collected along -

~ lake* shores and 1nflow streams where lake and stream water

.g&y‘
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. . . '
‘mix (Hickin 1967) . These examples do not contradict the

hypothes1s ‘that seston quallty affects dlstrlbutlon s1nce

'larvae would stlll have thls r1ch food source avallable.

D.M. Rosenberg (personal commun1catlon) has collected larvae

‘of N. blmaculata along certaln areas of the shores of South

Ind1an Lake in northern Manltoba, Canada, where constant but

gentle wave action provides flow necessary to push lake’

“water through the larval nets. Tachet and Bournaud (1981

H. Tachet- personal commun1catlon) found N. bimaculata

larvae in the Rhéne River where current velocity slowedzto

- 20-40 .cm-s- ', Popowa (1927) collected larvae throughout the

Volga River 'system, but the larval guts were filled mostly
w1th algae and remains of typ1cal zooplankters. Larger

r1vers tend to have. seston of higher quallty, as determlned

‘by higher algal counts (Nalman and Sedell 1979) These

observatlons 'do not necessarily’ contradlct the hypothes1s

that seston quallty affects dlstrlbutlon ,

Effects of seston on life hlstory

The effect that seston qual1ty has on the life cycles

R of fllter feed1ng anlmals has not been w1dely con51dered.

hThere 1s ev1dence to. suggest that Hydropsyche populatlons

below an 1mpoundment in Southern Ontar1o, Canada, are

-{Ublvolt1ne, whereas populatxons of the same spec1es elsewhere

on the same r1ver are unlvoltlne (Mackay 1979) Tachet
(1967) experlmentally determined that food supply and’

temperature both have. a 51gn1f1cant effect on the time it

o
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‘took a PlectPocnemla Conspersa (Curtis) populatlon to
complete its life cycle. If h1gher quallty seston allows
-faster'growth then perhaps apparent var1at1on in volt1n1sm
of N. blmaculata populat1ons may be explained by
product1v1ty of the source lake (see chapter 1).

Several European workers have suggested that
N. bimaculata populatlons may have a un1volt1ne or
.sem1volt1ne 11fe cycle in local1t1es in Denmark
(Wesenberg —Lund 1911), Sweden (Alm 1926), northern. Germany
(Statzner 1979) and France (Tachet and Bournaud 1981).
Perhaps these populat1ons occur below less productive lakes -
‘than Lac,Ste, Anhe, where N bimaculata was b1volt1ne.
'Wallace.et‘al. (unpubllshed manuscr1pt) have found that
' larval weight of three populat1ons of 'N. bfmaculata was
p051t1vely correlated w1th lake product1v1ty.' Certa1nly the
effect of lake product1v1ty on voltlnlsm would be an
interesting- hypotheﬁ@% to explore.

There were no apparent temperature dlfferences 1n‘the
Sturgeon Rlver between the 51tes sampled |
Carlsson et al. (1977) found temperaturesgan a Swedlsh lake
outlet stream 51te were 1ntermed1ate between temperatures at
two downstream sates. Temperature, ‘in terms of degree days,
seems of minor d1rect 1mportance to the overall growth of
N. bfmaculata larvae (see Chapter 1). In ‘my laboratory
’aexperlments temperature was controlled and therefore

’dlfferences in growth rate ‘were not affected by temperature.
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ﬂcher factors‘affecting distribution
| Other factors may influence the density and
d15tr1but1on of N. blmaculata populatlons Carlsson et.

"~ (1977) have commented that the geomorphology of lake
Uoutflow stream'reaches tends to be wide and shallow,
‘providing reiatively more laminar flow. The importance;of
‘turbulence’toﬁthe function;of-the fraéile net of }

N. bimébulafa is obvious from observation of %ervae in
.laboratory streams. Fluctuations in current speed (e.g.
from 1Q to.2 cm-s-') can result in the net collapsing. Once
collapsed a net does not return to its original form
'(personal observatlon). lThus, degree of- turbulence may also
1nfluence the dlstrlbutlon of N. blmaculata larvae. Tachet
(personal communication) suspects that distribution of

N. bimaculéta lervae is primarily determined by current
velocity. The influence of current. veloc1ty and . turbulence
.on dlstrlbutlon needs to be determlned exper1mentally

<

The sites where N. bimaculata larvae have been
'COllected without .being associated with lgke or reservoir \
outflows tend to be . large r1vers (Popowa 1926, Lepneva 1964
"Tachet and Bournaud 1981) : When tests of the river
‘contanUm hypothe51s con51der higher order rlvers, it would
be worthwhlle to attempt bloassays of growth rates of filter
feedlng anlmals ‘on seston from r1vers of dlfferent
magnltude. In add1t10n the 1nf1uence of the system s

product1v1ty on: volt1n1sm and adult size needs to be tested '



Growth rates of larval Neuréclfpsfs bimaculata are
strongly affected_byrthe'source'of.the seston on whioh they
feed. 1In .low order streams (orders 2 and 3) seston quality
“is hlghest in lake outlet reaches and N bimaculata larvae
are rarely found far tromithe lake; However, in higher
order.rivers (where p/r tends to be >1), such as the Volga
and Rhéne ﬁivers, the larvae of N. blmaculata seem to be

found along the course of these rivers 1rrespect1ve of lake

«outlets.
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CHAPTER THREE

" The feed1ng behav1our of NEUPeCIIpSIS bimaculata larvae

(Tr1choptera: Polycentropodidae). t -

Introductlon
The d15tr1but1on of organlsms is often determined by
the availability of certaln resources, An adequate food

supply is one resource which can potentially limit -

<

.distribution. Among freshwater fllter feed1ng

1nvertebrates, dlstrlbutlon may be %nfluenced by seston type
and abundance (Mackay and W1gg1ns 1979 Alstad 1982) In'

the past some authors have concluded that quant1ty of

organic seston is not a l1m1t1ng resource in many r1vers,-

but quality may be (Georglan and Wallace 1981)

The fllter feedlng larvae of Neuneclipsrs
blmacuiata (L.) (Polycentropodldae) occur almost exclus1vely
at’ the outflows of lakes and reservo1rs (Statzner 1979,
Edlngton and Hlldrew 1981). Guts -of these larvae contain a
range of food types, 1nclud1ng larvae of aquat1c 1nsects
'(ch1ronom1ds, mayfl1es, etc. ) and coarse detrltus, but
predomlnantly small crustaceans (Copepoda, Cf%docera) and
algae (Popowa 1927 Lepneva 1964 Wzgg1ns 1977, personal

observatxon). This suggested that one possible hypothesis

to account for their restr1ct1on to lake" outflows is that

larvae might have a well deflnei‘iesponse to certain prey
types. ‘ ha



In order to test this hypothesis, the . feed1ng behaviour
of larval. N, blmaculata in art1f1c1a1 laboratory streams was
observed in response to different types of particles

’

intercepted by their fllterlng net.f The QUestions addressed
were-t |
1.‘.Are'there different responses to certain prey types?

2, Do larvae respond differently to living versus dead

an1mals7

3. 1Is there ev1dence to suggest that N, blmaculata larvae ’

-are spec1allsts and only 1nc1dentally take other k1nds

-

of food items?

Materrals'and Methods |
Live larvae were collected durlng July and August from
the Sturgeon . R1ver where'it flows out of Lac Ste. Anne,
Alberta and transported 1n r1ver water to the laboratory
Care was taken not to crowd larvae s1nce they w1ll 1n]ure

and even kill conspecifics, as in Plectrocnemia

'conspeﬁsa (Curtls) (Hildrew and Townsend 1980) Larvae were

'placed in an art1f1c1al laboratory Stream,  powered by a

paddlewheel (current velocity dﬂbroxlmately 10 to

12 cm: s") filled with dechlorlnated water 1n a controlled

env1ronment room (photoperiod 15L: 9D) ,Temperature was
ma;ntalned at 20°C The laboratory stream had plex1glass

s1des to facilitate observat1on A plece of screenlng on

" the stream’ bottom prov1ded larvae with a su1table substrate

for attachment. Larvae ‘were left for 24 hrs to construct

J
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netsr -Experiments began 24 48 hrs after larvae were f1rst
collected Individuals were 1dent1f1ed by letters written
on the outside of ‘the plex1glass

The capture net of N brmaculata is a relat1vely large,

s1lkew structure con51st1ng of three barts (Flgure 15,

Details of the size and shape of the?, net are var1able being

1nfluenced by larval 1nstar, current veloc1ty, and substrate
form (seenBrlckensteln 1955). The retreat is the narrow :
posterior portion where the larva resides most of the tlme.
It is the only port1on of the net that is ma1nta1ned year
round in the field. The,large anterlor”end is referred to
as the funnel. The middle port1on wh1ch is where the net
makes a sharp bend, is known as the drop zone. A deta1led
analy51s of net construct1on has been presented by

Brickenstein (1955).

A range of potentlal pPrey types were tested whlch mlght

-be encountered by larvae in the f1eld (Table 6). Most. of

' laboratory culture. 1In addltIOQq white worms (Ollgochaeta°»"

these prey items were collected fresh in the field with the

exception of Daphnia pulex Leydig, wh1ch were from a

'Enchytraeldae) and dry flSh food flakes were tested The

three.maln treatments were ch1ronom1d larvae

&

(Orthoclad11nae) and l1ve and dead (kllled in hot water,
approx1mately 60 C) Daphnla pulex.- . : o -
Partlcles were- dropped into the entrance of the capture

net by means of a p1pette, w1th spec1al care taken not +6

"‘contact ‘the net\3r~greate extra- water movement Movements

g § :l‘.““ - /

)

Pl TS O

4



Table 6. ‘Summary of'objects 1nserted 1nto the net of
N blmaculata .
Prey or Food Type ° - Number of Number
- o o ; Trials - " Captured
L - .or Taken

- Daphnla pulex (l1ve) 32 : . 27_ _ .

: Daphnla pulex (dead)-,A X o . 16 :
_Chironomidae T Tagl e : 11
(Orthocladiinae. o a
510 mm long) I ) . o ;
Hyailela aztéca SR 12 - o - A
(4v10 mm. long)  _'uﬂ‘ e, ‘ L -
Leptophlebia cuprda 10 o 0 B
(9-12 mm long) S v : R,

"Caenis sp. > - o 0. o 0o s —
-(5'8 mm long) g . g . -
EhChYtraéiéaé _ 15 . 15 T |
(approx. 20 mm long) ./ S e I

. Dry fish food o 6 . : ~‘° . -”afﬂ?“:






of larval N blmaculata, from the f1rst 1mpact of the
o part1cle -on the net -were recorded and t1med. Ind1v1dual

5
larvae were observed for no more than 15 mlnutes for each

tr1a1 For any set of experlments, each 1nd1v1dual recelved

each treatment only once, to av01d experlence effects. When
.
a larva rece1ved more than one treatment the order was

_ randomlzed ‘and at least 12'hours allowed between trlals., Aln
' prey 1tem was recorded as "taken":or captured" when the -

N brmaculata larva was able to beg1n to £eed W1th1n the :fh -y

‘"; 15 m1nute observatron per1od Among the,lnformatlon
'<recorded was the pos;t1on on the capture net where the prey
o 1tem became ensnared response dlstance (dlstance from

' part1cle where larva began to "search"_actlvely) response\

e

tlme (t1me from part1c1e 1mpact on the net to capture) -and ._,n;)

-h.number of lost contacts (when a larva made contact w1th the

S

part1c1e and left 1t aga1n appa%ently thhout feedlng) The -
term net d1sturbance"“zs used to 1nd1cate the 1mpact of en .

Object on the net ‘or.- vabratlons 1nduced by that object

"Results and DiscusSion

Behavzour .

Tachet (1971) 1dent1f1ed_seven behav1oural stages ‘in }e}*';'""

thé/feedlng response of Plectﬁocnemla oonspensa larvae

(Polycentropodrdae)ffrom a rest1ng posxtxon. These same
Stages observed ;n N bimaculata\are (1) arouSal ’ hﬂfi;z

¢,wh“1 (2) dasplacement (moving forward 1nto the drop zone)
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“T:(S) 1ngest10n, and (7) preen1ng (wh1ch Tachet 1971 referred

. to as "la t01lette ). L1 observed the'ﬁoiipw1ng generallzed

- response to prey landlng 1n the capture ngt In1t1ally the

E ‘larva llfts 1ts head from th{ prognathous restlng posxtlon

~

'd._and beglns to move as an object h1ts the net. If the

'd1sturbance is 1ntense the larva moves to the back o; the.‘
”#retreat- otherw1se it moves out towards the drop zone Upon

;encouhter1ng a prey 1tem the larva usually uses a qulck

‘s_ventrad mOVement of the head to knock the prey agalnst the

“gfmesh of the net Then 1t would grab the prey w1th its

;,mandlbles and rapldly drag 1t back to the-retreat In the

'*sretreat or drop zone the larva secretes s1lk to help

1mmob1l1ze the prey, and uses the prothorac1c legs and

’T)mouthparts to man1pulate the prey.r After feed1ng,‘the

'°.1remnants of the prey, e g the carapace of Cladocera, remaln :ﬂ

' -jfastened to the wall of the drop zone or retreat tube

'?‘Eventually the larva spins a new portzon of ‘web over 1t and

:-the old b1ts of net eventually slough off All this: 1s:

“"ffs1m11ar to that reported for P conspeﬁsa (Tachet 1971)

'stf,Feedxng Experxments

'dfff“the amphlpOd Hyallela azteca (Saussure) andknymphs of

L.
- . e . e e .
- R ~ e . Nt Al iee e L, .

SOme prey types 1ntroduced 1nto the mouth of the net

These anxmals Mere ~_f‘




Flakes of dry f1sh -food e11c1ted no response and in some
1nstances remalned tangled in the 51lk of the funnel for
_gseveral days. Enchytrae1d worms (Ollgochaeta) lntroduced
o into the nets were always captured and eaten w1th1n about =
)ten minutes., o | |

. s/
e

There was no'51gn1flcant d1fference 1n the capture
success of live or dead Daphnla (2x2 contlngency, X2=1, 75
p>0 05) (Table 6). However, both llve or dead Daphnra vere
captured 51gn1f1cant1y more’ frequently than ch1ronom1ds o /
(2x2 contlngency. 11ve Daphnia- =14, 1 p<0.005, dead '
Daphnla- X?=5,25, p<0 05). Many of the ch1ronom1d larvae

' were able to escape w1thout d1ff1culty by crawl1ng between

_ the meshes ‘of the 511k net.' Once a dlve Daphnla was 1ns1de

’ the funnel of the net it would attempt to sw1m aga1nst the'ﬁf
current and end up be1ng carrled to the posterlor end of the ;‘
net where 1t was qu1ckly captured Dead Daphnia were '.l -
usually rolled to the back of the net by the water current
(although sometlmes th1s occurred after the 15 m;nute o
observatlon perlod and therefore was not counted as.
captured in table 6) | ‘_'m ‘ ', o , W _f”

: Response by N bimaculata larvae 1s related to where l‘;ffg'
the potent1al prey 1uem contacts the net.r These results ‘ &-“
showed that N bimaculata larvae responded more often to
prey land1ng in the retreat’than 1n the drop zone .and more
often to prey 1n the drop zone than 1n the funnel (4gble 7)

}, Thls suggests that larvae are only sens1t1ve (or at least

resp ns1ve) to 1tems touchlng the net close to them.3‘rf.f_$.*”
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© Table 7. Number of';espOnses'to prey landing in different
: parts of the-qaptpre net. T ‘ '

- ro

Paft of Net ~ -ngjoff : ~No;fofﬁj'
o R ‘Trials ' Responses - :

~Retréat SO ‘;":‘AZB e 28f
“DrOp'Zohe.:.-- v‘f‘:f2§'ff;', 22 .
ORI T N R
~Funnel .~ . 930 0 g T

':fDifféréhcesibgﬁweéh<tespoﬁsejffeﬁueﬁcies iﬁ_diffénent parts.

of the-netvsignificant'(Féshgr's EX§CF T¢5t1”§<9'°05)-‘~.

Loa
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One ‘time I watched a N bimaculata larva attempt to .

capture a small ¥v1gorously mov1ng a1r bubble, trapped in

" the drop zone of 1ts capture net"«for 30 Emutes.

'pTachet (1977) was able to. st1mu1ate the prey response 1n.

'larvae of Plectrocnemia Conspera by apply1ng mechan1ca1

'fv1bratlon to the net Thus tactlle cues are 1mportant in

3e11c1t1ng the prey response. Chemosensory cues are not

,sllkely to be 1mportant to N. bimaculata larvae, but cannot'

be ruled out as a poss1b111ty. o "
. (4 . N . N
Response d1stance, although crudely measured ‘is an

'_estlmate of sen51t1v1ty to net d1sturbance. Larvae of

A b!maculata had a greater response dlstance to ch1ronom1ds

"and“11ve Daphnla than to dead Daphnla (Mann—Wh1tney U test

“=p<0 05 *and p<0 OOSD respect1vely) There‘was no 51gn1f1cant

d1fference in response dxstance between l1ve Daphnla and '

:chlronomld larvae (Mann-Whltney U—test p>0 05) Response

dlstances ranged from zero to 8 mm, but were usually less
¢

than 4 ‘mm (F1gure 16) Prey 1tems, espec1a11y Daphnia, were‘

'._often sweptato the N, blmaculata larva by the currentr_”-f_g

' Response times of N bfmaculata larvae (see Appendlx 3)f;f*:}

were s1gn1f1cantly shorter for 11ve Daphnfa than efther deadf-f'

'-Daphnla or, ch1ronom1ds (Mann Whltney U-test p<0 001 for

.‘L

’both tests) There was no sxgn1f1cant dlfference between

»?the\}esponse t1me to dead Daphnla and chironomlds”:f}il

AQMann-Whltney U- test p>D 05) The long response't1me to

_,chlronom1ds was due to these prey 1tems clzngzng to the net

' and crawlzng about rather than be1ng swept 1mmed1ate1y to

.
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" response ef N. bimaculata larvae to objects in the net seems

_than a prey spec1f1c response.

Awent through the _Same 1n1t1a1 behav1oural sequence as for

'F»Townsend 1980)

.fconspec1f1cs. Intruders in the drop zone, wh1ch were the
“tif'szze of . small chlronomlds and Daphnla, el1c1t ‘an. attack \

’ “g'response.

76" .

the drop zone.or retreat Dead Daphnla would often land in

'the drop zone and el1c1t no- response from larval

[P

' N blmaculata (see sect1on on: response d1stances) The

to be more a. funct1on of prey s1ze and act1v1ty in the net

4

Observatlons of conspec1f1cs entering the net of;

another N blmaculata larva, showed that the res1dent larva

L

'prey 1 terceptlon. The res1dent larva crawled forward into

the dr P zone and either lunged at, the 1ntruder (as in

o Hlldr w qnd Townsend s ; 1980,.agonlst1c encounter of

lfPIectnocnemia conspersa) or retreated suddenly These

observatlons are pre11m1nary, but suggest ‘that the slze of »
™

the 1ntruder may be 1mportant in determ1n1ng the outcome.*
Intruders that are larger than res1dents were often able to.,
chase the resbdent from the net and ‘take the net over.» Th1s

Al L]

has also been shown for P conspersa larvae (H1ldrew and

'Ta het (1977) showed that response dlstance in

. L '
“P cons‘_rsa was a funct1on of ampl1tude and frequency of T

-

‘the d1sturbance.; N. bimaculata larvae react only to-large~;“'

1ntruders in the funnel port1on of the net, such as w“'

'



f'prey may have evolved ‘in the Hydropsycho1d

77

.
-

Larvae must have some tactlle mechan1sm to detect prey
on the capture net Jansson and Vuorlsto (1979) have shown
that Hydropsyche larvae- have a mechanlsm by wh1ch -they can

hdetect str1du1at1on of congenerlc larvae.. This mechanlsm
may 1nvolve the use of setae on the legs as v1brat10n
'»receptors and appos1tlon of one or more legs to the net, A
similar mechanism may be used by N. blmaculata larvae to

' sense prey vibrations on the net. Although Jansson and
Vuor1sto (1979) con81dered these receptors to be 1mportant
for rece1v1ng strldulatlon v1brat1ons from congenerlcs, they
may have a far greater s1gn1f1cance. Larvae of Hydﬁopsyche
and Cheumatopsyche have been shown to eat a large proport1ongh‘
of animal material (Benke and Wallace 1980 Fuller and e
.-Mackay 1980). These v1bratlon receptors may4 be used by many
fllter feedlng caddlsfly spec1es to detect prey 1n ‘their

nets, %Ph1l1pson (1953) repor ' hat larvae of Hydﬁopsyfgi//

-

instabilis Curtls kept in’ lab_‘ ;-ry aguaria, 51ezed prey

1tems very rapldly when they » f‘lntercepted by the net.

:fHe noted in contrast that larvae use’ 51de to-sxde head ‘ ~~ '
-gﬂmOVements to- clean the net, and presumably check for food .
dpart1cles 1 suggest that a vibration dete t1on response to
4§, s1nce many ‘“‘

N EOR
other 1nvertebrate organ1sms use such a response, e. g. many

'_sp1ders, and Chaetognatha (Horrxdge and Boulton 1967).

Nbureclipsis bimaculata larvae do not appear ;:*'
'fiﬁprey spec1f1c responses. Rather, the larVae exh,b1t a

net.
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‘.*
Houever s1nce many potent1a1 prey items are ablento escape
-from the net, lake outflows (with the1r abundant .
.zooplankton) provide a. good gburce of eas1ly trapped prey.
It seems that even though the feedlng response of
N. blmaculata larvae is very general, ‘the capture net has
evolved to- be eff1c1ent at captur1ng a 11m1ted varlety of
- )

prey 1tems.v The s1m1lar1ty 1n “the feed1ng behav1our

sequence of N, b/maculata and Plectrocnemfa conspensa larvae

'suggests that this may be a general1zed feature of larvae in

thlS famlly +h18 hypothe51s rema1ns to be tested

| In short the prey response of N. bfmaculata larvael
appears to be a general response to dlsturbance of the: ‘net,
' The funct1on of the ‘net seems . to have evol;ed to be
eff1c1ent at trapplng only a small range of prey types and -
51zes. Thus, the spec1allzat10n to prey types 1s not in the
larval response, but in the. funct1onal de51gn of 1ts capture
net, Therefore, the dlstrlbut1on of of N. blmaculata
populat1ons may be 1nfluenced by ava1lab111ty of ea51ly

€

caught prey 1tems in , the seston. . -
') . . ' ) 3
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cuﬂbTER FOUR

The determ1nat1on of a sex-related size dimorphism in larvae/TZS\SK;/
© of NéureclipSis bimaculata. . . . o

[

Introduction I A ?1

-

Organ1sms often exh1b1t sex=- related d1fferences in

e

’morphology, phys1ology and behav1our Con51derat1ons of,
sex-specific d1fferences in life h1story or d1str1but10n 1s
‘rare for 1mmature 1nsects, because sex cannot generally b
‘determlned except for later stages of most hem1metabolous
insects. Slnce the 1mmature stage is the longest part of.
the life cycle in most aquatlc 1nsects,‘1nclud1ng |
:Trlchoptera -an examxnatlon of»sex-related.d1fferences€is
imp8rtant. | |
A'The sex of larval caddisfies'cannot générall; be -
determined. Femdles of many spec1es are larger than males,,'
\\,/——but the 51ze d1§2:rences of larvae are not rellable or
dlstlnct enough A number of workers have' noted the large
size difference between- male and female imagos of ‘1 5-
e;kNeuneclipsis bimaculata (L ) (Brickengtein 1955, o
-_,f-Br1ndle 1960 personal observatlon) My data shgw that the’f J-
h_dry we1ght of female’bupae of N bimaculata 1s 3:4 times . |
that of maLe pupae.i From thlS, I suspected that the

vstrongly blmodal head w1dth frequency d1str1but1on of fﬁfth

_A1nstar larvae nght be sex- related L S :

N

[ ST VNI
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Methods and Materials
Fifth 1nstar larvae of N. bimaculata were measured
across the head at the level of the eyes ‘to the nearest _
0.024 mm. 1In- addition, maximum length (FCL) and w1dth (FCW)
.of the frontoclypeal apotome (FCA) was measured for many of
the larvae (Figure 17) ‘Since the -sex of pupae can beﬁ_————¥¥¥~—
~accurately determlned and larval sclerrtes rema1n in the o
pupal cell, the frontoclypeal apotomes of pupae from f1eld
iCOlleCtlonS were also measured The 51ze dlstrnbutlons of .
'frontoclypeal apotomes of pupae (of known sex) were compared
'w1th those of larvae. S1nce head w1dth is ea51er to measure
on larvae than frontoclypeal dimensions, mathemat1cal ."' ’
relatlonshlps between frontoclypeal d1mens1ons and head
widths were calculated. '
Regults.ahd Dlscu551on ,p : ;'3 o
/ - Size : frequency hlstograms of head w1dth of jourth and
‘;1f%h‘éult1mate) instar larvae and prepupae are shown 1n “
*ésx figure 18. The pronounced blm ality in f1fth 1nstar larvae ' “\
A ”;could 1mp1y ‘the presence of a s1'th 1nstar as assumed by o
| Brlckenste;n {1955 However, hﬁad w1dths of prepupaé(}as
| defined by W1gglns 1977) showed, th

_Same range as: thls plot

.verlfylng that these vere all ultlmate 1nstar larvae

' E_,(F1gurejy§).a The 51ze frequency of fourth 1nstar larva&
. also shows a sl1ght b1moda11ty.:

e

To determ1ne that thls b1modality of head w1dths was a

sexual dimorph1sm the frontoclypeal apotomes of pupae of
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~

o <‘ i
) B ‘ - . . - . : o
Figure 17. Head of N.- ‘bim aculata larva showmg the . -
- - . dimensions measured. . HW=head w1dth S Y
. . FCL-frontoclypeal apotome length : Lo
) .":<ch=frontoc1ypeal apotome w1dth _ o
. . ‘;g PN . N Do . T .
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known sex were plotted . The s;zes of\these sclerltes fall
1nto two groups,'correspondlng to ‘the two sexes (Flgure 19)

o To relate this 51ze dlfference to larvae, regre551ons

-
I

'-~betweenﬁlarval head w1dth,and larval frontoclypeal apotome
s1ze were calculated . These relat1onbh1ps are shown in.
flgure 20 : Th1s shows that larval head wldth is strongly
correlated w;th frontoclypeal apotome (FCA) d1men51ons.

d%mce the FCA s1zes are*separate for each sex, the blmodal
| frequency dlstr1butlon of flfth 1nstar larval head w1dths l;
| must llkew1se be sex rglated The head w1dth measurements“
'of f;fth\gnstar larvae reared to pupat1on were cons1stent

RS

‘w1th these conclu51ons.‘ 3 o ;
- Head w;d}h and general body 51ze were the only
dlstlngu1shab1e dlfferences .between the sexes of larval
N. blmacd7ata, Elllott (1982) found that dlfferences 1n'
;case s;ze and overall 51ze of flfth instar anntocerum
albicorne (Scopoll) larvae was sex-— related The magn1tude
larvae of 0 alblcorne is 31m11ar to what I found for : |
'N bimaculata. In N. bimaculata larvae the overlap between
.the sexes was small 1n the f1fth 1ns£3r. Assumlng that the.
L'elght flfth 1nstar larvae with a- head width of t.128 mm
ch(F1gure 18) conslst of four males and four females, ‘then
~fthey accounted for only 1 5 and 2. 3% of males and females

respect1vely One could d1sregard 1nd1v1duals that fell

within the small. region of overlap and use the remalnder to

\ 3

Rd

%est for other ‘sex- related d1fferences (e g. ecology,

AN
t

of’ the s1ze dlfference between male and female f1fth instar
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Figure 20.

‘Plotwpf the relationships bétueen head width and

sfffﬁhzinstar~larvae. S
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.behaviour'»etc )o s \ "51 L K oot

" The large range of larval sizes w1th1n the flfth 1nstar
of thls spec1es (and other spec1es as well)ehas no: doubt‘ )
-contrlbuted to d1ff1cult1es 1nterpret1ng “the 11fe cycle—*

Also,. female ultlmate&?nstar larvae appear later than ‘the

male ultlmate 1nstar larvae° thlS also could lea

1nterpretat10n of an add1t1onal larval 1nstar., Some=authors N
have described N blmaculata as’ be1ng sem1volt1ne based on

‘the w1ﬁe range of larval. s1zes present durlng most of the

year (WesEnberg -Lund 1911 Alm 1926) Although |

N. blmaculata may be sem1volt1ne in the local1t1es°stud1ed D

by these authors, the large size var1at1on w1th1n s1ngle

-

‘Lnstars should be considered in interpreting 11fe cyclea

data. . B ' ;o j R

v S .
The ab111ty to d1fferent1ate the sex of ult1mate 1nstar ///— ;

larvae (and to some extent L- IV larvae) permlts the analysisg

of sex-related dlfferences, e. g dlfferences in the growth | »
rate, and morta11ty of males and females (see prev1ous ' - 3
-chapters) | .‘,»'- | o
.
\

- s |

’ ¥ ' - |

3 f&
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15 no ev1dence to suggest that N. blmaculata is .

S ~ THESIS DISCUSSION .

; LT ' € ' ‘ o
What - determlnes'the d15tr1but1on of Néureclipsis'bimaCUIata\ff'

populatlons ? .

\

Of the hypotheses proposed in the TheSlS Introductlon,

,dsome can be rejected or- a551gned llttle 1mportance. rTherev

AN

7‘"compet1t1vely extluded from other parts of the Sturgeon

River. Other filter feedlng 1nvertebrates,xe 9. Slmullum

vittatum Zetterstedt and species of hydropsych1d

‘caddlsfl1es, are common along the entlre course of the
river, although they are more abundant at the lhke outflow.
~There is-no reasén a pPiori to suspect that predators could

be . respon51ble for the dlstr1butlon pattern shown by this,

populat1on of" N blmaculata.--d e
’ ST

leferences in temperature between lake outflows and
downstream reaches are unllkely to be 1mportant in.

determ1n1ng d1str1but10n.‘ 1 found no. dlfferences in

temperatures at dlfferent 51tes on the Sturgeon R1Ver.wv“ﬂ
Slnce Lac Ste. Aane is shallow, and holom1ct1c

(1.e. constantly~m}xed) the lake experlences approxlmately
the same daily fluctuatlons in water temperature as do phe

downstream sites. Carlsson et al. (1977) found that the t

temperatures of a Swedlsh lake - outlet~were 1ntermed1ate to

two downstream sites. Although w1nter temperatures are

N

- usually warmer at lake outlets, th1s dlfference 1s unllkely

n to be of much consequence s;nce N bimaculata do not spin

‘.

e .
87

e

N




. . ! ) '-' s . o . V o n . .-7“@ ‘."' . ‘..“.
nets and do not appear'to grow 1n w1nter in mY study area,‘

~Also, ‘the water temperature of Lac Ste. Anne 1s as. low as
0. 5 C in most w1nters.- . ,;”u[' _Q;Hw‘“‘jgf' o 1.]? W

Geomorphology oF" the lake outlet w1ll be 1mportant 1n tf

determlnlng current Veloe1ty and turbulence. HOWever, even

‘ “though lake outlet reaches ‘tend to be w1de and shallow 'Jfﬁiag,*’ﬁf*
Q(Ca‘lsson et al. 1977) thgese are not the only wide and - o

shallow locat1ons on the river. In larger r1uers,'

N. blmaculata océur . 1rrespect1ve of lake outlets 7 4 -
(Popowa 1927 Lepneva 196& Tachet and: Bournaud 1981) 'This -

G X . . : \ j
suggests that. geomorphology of lake outlets 1s not T S

ﬁ’

_ character1st1c that wohld explaln the’ 11m1ted d1str1but10n

N, blmaculata larvae in smaller order streams. :

r

Large, sudden fluctuatlons 1n d1scharge and current

veloc1ty, e. g.. follow1ng storms, should be. amellorated by

lakes. Although reduced amplltude of fluctuatlons will mean , v

vﬂf' 1onger durat1on, an an1mal that feeds us1ng a fllterlng

_structure, such as. thelnetmo£+N——b+maeu+a%a——shouh&dmr——-

better able to adjust to- sloJ~changes in discharge.

3
!
o
B
A
3
E]

511t load (1norgan1c part1culates) will be - ( S

determlnant of seston quallty. Parker'and“Voshell (1982)

.suggested that tETf%atlo of  organic to 1norgan1c seston in a

'sample may be an\estimate of seston quallty. How increases

a

B S | 1norgan1c partlculates, wlth 1ncrea51ng dlstance E
\downstream of a lake, affects seston quallty and thus larval
growth w1ll have to be experimentally.determ1ned Large

.

rivers tend to be szlt laden (Hynes 1970) and N. bimaculata




~u_popu1at1ons manage to 11ve 1n some of these. ThlS suggests

. that 511t should not be a major 1nfluence on d1str1but10n.,

SR A
"

Current velocmty will. have 1mportant effects on: the

| 3 dlstrlbutlon of N bimaculata, Neunecl:ps:s blmaculata

| g larvae are unable to bu1ld or ma;ntaln nets 1n sw1ft

-

currents (Br1cken5te1n 1955) Also, turbulence 1ncreas”s as

aveloc1ty 1ncreases and wlll also affect net bu11d1ng

S
(Smlth 1975)/; Henri Tachet (perSonal commun1cat1on3 is oft

the oplnlon that current véloc1ty 1s the slngleamost AP

v

1mportant factor determxnlng d1str1but10n of N blmaculata

larvae. He found la vae 1n the Rhone R1Ver o ly where w

current speed slowed\to 1ess than 40 cm s"’

o’ | 9 A - - R

T ere are major d1fferences in the prey,types ava;lable
- at lake outlets compared to downstream reaches.f Although
'many spec1es of aquatlcﬂansects and other 1nvertebrates will

-Jdrlft in any reach of the stream, few of these spec1es can

be ea51ly caught in the nets of N bimaculata 1arvae. ,Thus

”prey catchablllty and abundance will be 1mportant in -

.

determlnlng dlstrlbutlon.’ ‘An abundant supply of dr1ft1ng,

'11mnet1c zooplankt&n at lake outlets and the high' eff1c1ency

with which the nets capture these an1mals means that lakes

P

_provide the best source of prey. Anlmal"materlal in the

seston w111 be more nutrltlous and calor1ca11y-benef1c1al to.

N. bimaculata larVae than the hlghly refractory detrltus

which is a main componént\og seston in downstream reaches.“

‘With 1ncrea51ng size of rivers there is a trend towards

autotrophy, SO that seston qQuality increases in moderately

’
.
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'large rivers (Vannote et al 1980) Thls is probably why

N. blmacu ata populatlons are also found 1n large r1vers

suqh as the Rhone and Vqlga. L f{/ tﬁ

'Conblusions~and'Future ‘Research

)

ra G1ven the 1mportance of seston quallty to growth of

N blmaculata larvae, it would be 1nterest1ng to test the
o fA ‘

: Jeffects of lake product1v1ty on life h1story charactetlst1cs o

of f11ter feeders. -mhe pred1ct10n that 11fe cycles should
fbe speeded up downstream of 1ncrea51ngly product1ve lakes
has ‘some support-(Tachet ?§67 Garlsson et al 1977 P
Mackay 1979 Parker and Voshell 1982) Populatlon dens1t1es
should also be proport1onal to ptoduct1v1ty up to a polnt
Adult we1ght ‘and by 1nference fecundlty, may.also-lncrease
'w1th 1ncreas1ng product1v1ty Wallace et al. (unpublished
mandscr1pt) have ev1dence that N bfmaculata individuals
grow to larger we1ghts below a product1ve lake than below
two' ollgotrophlc lakes. ‘

- In summary,'seston quallty and current velocities
within certain limits seem to be the prlmary determlnants of
the distribution of ¥V bimaculata populatxons. Wh1le other
ecolog1cal constralnts may also influence dlstrlbutlon and

: abundange,,seston and current appear to be the most

important e~

.....

o ,. . ) . . . \

’
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Appendix 1: Total»numbers ‘o
.+« and pupae per sample.

"included.

v

szatef

B

Ty

£ N. bimaculata larvae, prepupae,
' Only completely sorted samples -

Samples’ with no -individuals not listed.

L

N”“Samélér

Number of .

“w  individuals
i, ‘per Sample

18

17

18 Apr

19

15

29
13

17

31
14
18

N

18

Nov'

Jan

Mar

Méy

May

‘JUn

Jun

Jun
Yul

“Aug

Aug
Aug

Sep

Dec.

Jun

80
80

81

81
81

81

81

81

81

81

81
81

81 -

81

81

81
81

82 -

54

30

T 27
27

‘W vl ®

| 41 Lee

- - TR, R SRS

Lee

, -Core .
Core . ..

Core

Core

Lee

4Lee

Lee

Lee

"Core:

Lee

Lee

Lee

14

Lee

Leq

‘Lee -

-Lee

Ekman

16 14

- 20

e

69 25
I S D R
67 28 20 15 5

23 10
733
1

12 12
1

N O

5 .
51
1

6 6 1 1

4 2
5

10 4 2 1 1 1
1111111
90 69 41 19

19
204 104 50 45
31 26 17 3
36 27 23 18 3
11
29 19 15 11

10 8 4 4 .
141 88 43 5:2..
987 601 525
110 75 52

1171 426 60
23 13 13 10 2
2
168
2 .
151 9419 11

132 86 &

224 32 31 24
10 1
17 10 7

N
LN.00
[XRNTNY

111
6 55 3
2
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Abpendix:Z: Numbers of samples of fourth and fifth instark
" 'larvae used for population estimates. Only samples
collected in the Lee sampler included.. :

" Date ~  Number of Samples

I 6 Nov 80 ¢
5 May 81 - - '
el 2 Jun 81
T 15 Jun 81
29 Jun 81
13 Jul 81
3 Aug- 81
17 Aug 81
31 Aug 81
" 14 Sep 81
15 Oct 81
7 Dec::81

ey Ry ) ‘

N

" —

. ’°
)
Y
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Appendxx 3: Response times of N. blmaculata larvae to
d1fferent prey items in, the net (seconds) . ‘Only. 1nc1udes
prey items to whlch larvae responded -

. Live.Daphnia .  Dead Daphnia _ . chironomid
260 290 - T 840
96 . 272 I . 665
50 ; 246 . . 345
. 47 211 o 256
C31 ©oo183 192
25 S 154 137
14 . 105. ' - 66
11 . B3 - Do _ 65
10 . , o 72 : T30
10 . - a5 | : 18
9 B o 20 o : 3
9 - S 16 . ' :
6 : 10
6 - 5
5
3
3 .
3 L 4
3 .
. 3 <
3
o 3
4 A
L4
s
S A
\ 100
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'Appendix'4: éreliminar
in the Sturgeon R

Cnidaria

Turbellaria
Hirudinea.

Y

Amphipoda
}Ephemeroptera
1Baetidae
: Caenidae
"~ Odonata s
' o Aeshnidae
Trichoptera - -
. Hydroptilidae
Hydropsychidae
Polycentro-.
podidae

.Limnephilidae

Phryganeidae'

Brachys
centridae
Helicopr
psychidae
Leptoceridae

A

Yy list of the inver
iver at Lac Ste. An

tebrate taxa found -
ne,.Alberta.

‘ Hydné sp.-

[t

HYaIIeIa azteca ’ 

LéptophlebiidaeLepfophlebia cuplda

Baetis tricaudatus
Baetis brunnicolor
Callibaetis *

Caenis . ~ .

Aeshna sp.

Hydropt ila Sp.
Orthotrichia sp. ,
Hydropsyche bifida group

Cheumatopsyche -sp. N
Neureclipsis bimaculata

HydPOpti7a waubésianal“‘

Polycentropus remotus
Ahabol ia bimacul ata-
Glyphopsyche irrorata
Limnephilus externus
Limnephilus infernalis
Limnephilus nigriceps
Nemotaul ius hostilis
Agrypnia straminia
Agrypnia sp.

Phryganea cinerea

Brachycentrus lateralis?

‘Hellcopsyche borealis

- Ceraclea transversa

'Triaenodes‘(YIOdes) fhon;alis .,
Triaenodes injusta? -

-

Ceraclea -t

-tagsipunctata
Ceraclea excisa ~
Oecetis immobilis.

" Oecetis Inconspicua

Mystacides interjecta

| Mystacldés.sepulchnalls_

101




w ’ -
W 3 - 102
Appendix 4: continued- v
Coleoptera - - U ,
o ‘Chrysomelidae Haemonia nigricornis ‘
Dytiscidae %acéOphflus biguttatus
: , Hydroporus superioris
[}engz;rectes elegans
N : : lybius sp. -
, . Colymggtes sculptilis
Haliplidae - Haliplhis sp. . . '
Gyrinidae Sh
Gastropoda v I
o : . Ferrisia” -
, Lymnaeidae Lymnaea -
‘ 7 Valvatidae = Valvata trdcarinata
Pelecypoda : T
Pisidiidae e
‘Anodontidae

Oy

- . ~ ETRN
Note: Identifications were provided by D.C.:Currie

(simuliid), R. Roughley (Coleoptera), and D.¥. Soluk f
(Ephemeroptera). Dr. C. Parker verified my Trichoptera o
identifications. E . N . :
s

>dﬁg§ ; ?

e ;
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