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ABSTRACT

A year-round study of differences in characteristics of

fundamental niches between Gamnarus 1acustris lacustris sars and

Hvalella azLeca (Saussure) in tne north end of West BIue Lake, Manitoba

was begun in June 1967. Differences in rel-ative abundance, síze,

in time when young Í¡ere releasedr âg€ at which reproduction first
occurred, mortality rates, and periods of ma:rinum growbh are

described. The reproduetive periods ü¡ere staggered with Gammarus

rereasing its young a month before Hyalelra. adurt Gammarus had

a greater nortality rate than that applying to adult Hyalel1a.

conversely, irunature Hyalella was subject to a greater nort,ality

rate than was inn¡nature Gammarus. Gammarus grew in winter whereas

Hyalella did not.

Physiological differences were investigated by determining

seasonal changes in rate of o>qrgen uptake. At low water üemperatures

the rate of o:grgen upüake of Gammarus lrfas apparentþ greater than that
of Hyalell-a

Habitat dissi¡nÍÌarities were evaluated by comparing relative

abundance üdth different conditions of substrate, macrophyte species

and depth. Ga¡marus ùras apparentþ associated hrith charg and deeper

water, whereas Hyalella l¡¡as associated with Potamogeton and shallow water.

Differences in depth disbribution, in hydrophyte, substrate and

temperature pref'erences, and in orqrgen requirements may maintai-n

Gamrnarus and Hyale]-la spatially isolated. Staggering of reproducti-ve



/ ...\
( vr-r-]./

periods nay provide temporal isolation of potentialþ competlng

lÍfe history stages. Differenees in body size of the two species

may enable thenr to utilize the sa:ne resource or portion of it in
:: -:::.: 

.

a different way. since Ga¡nmarus and tlyalella probably do not have ",;J:.,::

the sa¡ne fundamental nlche requirements, conrpetÍ-tion between ther¿

may be linrited



ITTIRODUCTTON

The research objective at lfest BIue Lake is to describe in
,j.,'-','quantitative terms enersr exchanges and pathways in this circum-

scribed aquatic ecosystem. To attain this objective detailed

informatíon on eommunity ecologr is required, i.e" one must describe

the organisnrs ínhabiting a con¡non environment and interacting with .;:'.1,',
''':

each other. One meühod is to define characteristics of a 
:,,:.

trfundaaental nicherr, the cumulaüive abiotic and biotic factors :':::::::

pernitting survival of a species (ttutchinson, 195?).

1\^¡o of the most abundant benthic species in the lake are

Gatnmqlus lacustris lacustrig Sars and Hyalella azbeca (Saussure).

Glenn and ïIard (196s) found that they are an inçortant food item for

hlalleye, stiz_osteciion vitreum vitreum. rn addition, they probably

p1ayanimportantro1einconvertingdetriüusintofishf1esh.

The present study was undertaken to investigate funda¡nental

niche characteristics of Garnmarus lacustris lacustris and Hyalella 
,,,,,,,,,,,:

azteca. The approach was to sarnpre the arnphlpod population at the ,.

north end of 'trrlest Blue Lake and observe dlfferences between the two .','.'.¡.''

specÍ-es.

The objectives Brere: (r) to compare their relative abundance

over a Í€trr (e) to exa¡;ine differences in reproduction, nortality :,:,,.'.'
r'-.: . ar: :':

and growbh, (;) to investigate physiotogical differences by cortpar-

ing their rate of otrygen uptake, and (4) to investigate habitat

divergence that nright nrlnÍmize competition between the two



coexisting species. The information obtained may herp e:çrain the

complex comnuni-ty ecology of G.f. lacustris and g. azbeca.

.:1t:.r.:



LITERATURE REV]EI/\I

General Biology of North American Freshwater Amphipods
'-.: :-1.:_ -:_

..'-... :. :..

Members of the order Amphipoda are chj-efly nrarine crustaceans

with only a few North American freshwater species. weckel (rçoZ)

listed 1ó uut Pennak (3953) stated that there are about 50 freshwater 
-.,,:,,,.,;.,.species. Bousfieh (1958) described 30 species and subspecies present ''l' 

"",.,,'.

in glaciat,ed North America and placed them into five fa¡rilies. Three ,-'',,,'.,"',:'
tt:::_:t.::_l

of these, corophÍdae, Taritridae, and Haustoridae contain only one

species; Corophium spi-nicorne (Stimpson), Hyalella azileca (Saussure),

and Pontoporeia affinis (Lindstrom), respectively. The farnily

Pontogenidae contains one genus Paramoera with two species. Arl
remaining species belong to the family Gamnaridae.

Bousfield (fç¡g) grouped the species of glaciated North A¡nerica

on the basis of their probable origin as follows: (1) tnose of

ancient fresh-water ìineage havÍng no morphologicalþ close marine

origin. Bousfield (fg¡g) placed the Crangonyx section of the ,,,,,,,,,,,,,,,,

Ganmaridae in the first group. The second group hras subdivided on ,'.,,',,..',,,'..'

the basis of whether or not the species were stenohaline or euryhaline. ':ì::':;:'::i':''i

He suggested that on the PacÍfic coast the euryhaline speci_es were "1'

represented by Anisoga¡nmarus sp (Eogammarus), paramaoera sp and 
:,:_.::,,,:-

Corophiu¡n spinicorne, in the subarctic-boreal region by Pontoporeig ¡:,.,',:,:'r'i¡":'

affinis, and on the Atrantic coast by the Ga¡nmarus tigrinus -G.

fasciatus complex. fncluded in Bousfieldts stenohaline group r^rere



the holarctic Rirnrlogammarus conplex (only G. duebeni was euryhaline)

and the neotropÍ.ca1 genus Hyalella which he suggested nay have becorne

ecologicalþ separated fro¡n itst marine-IÍÈtoral relatives (Hyare,

Allolchestes) as earþ as the Mesozoic

Rivuloga¡rmarus, An:isoganmargs, Pararnoera, Pontopereia, and.

members of the cranAony:r section live Ín bodies of water that are

cold in surmer, breed in winter and spring when water t,emperatures

are low (S-tS c) and produce only one brood per year (BousfÍeld , Ig58),

In contrast, Ga"mnarus tigrinus and $. fasciatus, Hyalellg, few

Crangon¡rx and Corophium live apparentþ in bodies of water that are

warm in sunner, breed in late spring and surnmer and may produce

several broods per year (Bousfield, 1958).

Amphipods a.re an írrportant food source for fishes since they

are usually an abunda¡rt organism of the macrobenthos and are relativeþ
abundant all year long as opposed to the largeþ seasonal distribution

of the insect fauna (".g,, Clemens, l95O; Cooper, 1965; Keast, 1196Ð.

rn addÍtion aquatic bi.rds and predacious insect larvae feed on

amphipods (u.g., Jackson, 1912).

0n the basis of morphology, adult GaJunarus lacustris lacustris

can be ciistinguished from adult Hyal-e11a azteca by the folror,ring

characteristics: the first antenna of Ga"mmaru! is longer than the

second and contains an accessory flagerrun of two-four segments, the

telson is clefted, uropod three is biramous, and dorsal spines on

abdominal segment one and 'bwo are absent; whereas the first, antennae

of Hyale1la is shorter than the second and bears no accessory f1agellun,



The terson is entire, uropod three is uniramous, and dorsal spines

on abdomlnal segments one and two are present (Bousfield, 195s).

Biolory of Ganmarus lacustris l-ac.r¡qtriq Sars . .:.
-.j:. . :

Johansen (rçzo) stated that two gammarid species, Gammargq

fascialus and G. Iimnaeus were found in Canada, h/ith the latter 
:.,.:.

having the widest distribution. Subsequentþ, Shoemaker (tgSS) 
,,i..,'i..,t'',", 'synon¡rmized g. ï-mnaeus with G. lacustrÍs. Bousfieh (1959) 
..,,.,,,,.established two subspecies under G. lacustris, G. lgcustris lacustris r' ì'

and !. l-acustrig linnaeus. rn canada, the former has a wider distri-
bution than the latter. G.1. þcus!.is is found in provinces of

British columbía, Alberta, saskatchewan, Manitoba, ontario, and ,

Quebec: while G.1. limnaeus is restricted to the st. Lawrence

drainage basin from western Onùario to eastern Quebec and Newfoundland

(Bousfield , I9|,8).

unt'iI 1950 the knowledge of the life history of garnnarids in
North America was limited, except for Enbody (rçu) who described

reproduction in G. fasciatus in New york, to brief descriptions of ''t't-''t¡"

., , ;,t,t .:t.
norphology and distrÍbution lists of hleckel (fçoZ), Huntsman (1915), Johansen 1,,,,,.,¡.,.

(tçzo), Hubricht and Mackin (rçao), md shoemaker (tçtnz). However,

Clemens (fç¡O) made a detailed study of the life cycle of G. fasciatus

in Lake Erie and Menon (rg¿o) investigated ùhe life history of G,1, ,,,,, 
"':_'-_:-"a,:..'.:-

lacustrj-s in Big fsland Lake, Alberüa.

The life cycle of G.1. racusLris was annual (Menon, rg66). A

brief sumnary follows (Menon, 1966): pairing of the sexes (precopula)



occurred in earþ spring preparatory to ovulation, copulation and

fertilizatÍon. The ova were carried by the females in the ventral

brood pouch. rn Big rsland Lake most fenares had onry a single brood,

the size of whieh varied in direct relation ùo body rength. Most

femal-es died after release of the first brood, while a few surviving

females reproduced a second tÍme. The incubatlon perÍ-od was

temperature specific with hlgher water tenrperatures favouri.ng a more

rapid completion qf incubation. At mean water temperatures of It+.9 c

and 22 c, the incubation time was four and two weeks, respectively.

During su¡nmer and falI neü¡ recruÍts underwent a period of rapid grow¿h,

but in winter growbh was slow" The annual 1ife cycle vras conpleted

during the subsequent sprÍng (Menon, f966).

G. lacustris has a broad spectrum of ecological requírements.

G. linnaeus was present in sprlng-fed lakes and. streams in o:tario

and absent fro¡n lakes whose naximum sumÌner temperature r{ras greater

than 16 c (Pentrand, r93o). Bousfieh (1959) described the habitat

of G.1. lacuslris as being cold lakes, tundra ponds, sroughs and

overflows thaü are cool and cold i-n su¡nmer. G. lacustris v¡as more

abundant in r^¡arm southern eutrophi-c lakes in saskatchewan than in
northern oligotrophic ones (An, 19óo). rn these northern lakes

Pontopereia affinig was nore abundant than g. lacustris with the

ratter restricted to shalrow muddy regions (AË, 1960). rn Big rsland

Lake, Alberta (sunarner naximum 25.9 C), G.1. lacustrls was abundant over

a two year study (Menon, L966). Krog (lgsl.) reported, from laboratory

e>cperirnents, the sumrner and winter upper lethal temperatures of



!. limnaeus captured frorn Goose Lake, Alberta as 3O42 C arñ 26 C

respectiveþ.

G. limnaeus was frequentþ present with Chara, Elodea and

dead leaves (nmboay, I9l2; Pentland, I93O). Ali (fg¿O) observed

that both G. lacustris and Hya1ella azteea were more numerous in

regions of aquatic vegetation than in non-vegetated ones. g.l.

lacustris was more abundant in sarnples taken from shoreline cattail
regions than in those from rnud shore, sandy shore, Potamogeton and

lake regions (Menon, 1966). Menon (1966) concluded that the preferred

habitat of Q.1. lacustris was TVpha laüifo1ia, Bromus erectus,

PhraAmj-tes sp. and Spharagnum sp.

Titconb (tçZZ) for.¡nd G. linnaeus only in strea.ms of high

alkalinity (1{1-tS5 ppn of calciun carbonate), while Pentland (fç¡O)

after examining a number of ponds, strea:ns and small lakes in various

parts of OntarÍo concluded that alkalinity did not appear to control

its distributj-on, Q.f. lacustris in Big Island Lake, Alberta,

tolerated a pH of 7.O-9.4 a¡rd dissolved o)q¡gen concentration of

7.1 ec/ltter (tOO% saturation) in spring and faIl to no measurable

arnounts of o:rygen durfng one w'inter month.

Embody (fgÞ) reported that the food preference of g. limnaeus

did not differ from that of g. fasciatus, Hyalel1a azteca and

EucrangonJnc graciï-s and their diet consÍsted of plants and animal

earcasses, Hynes (1955) described the diet of gamnarids as green

aþae, annelids, insects, dead leaves, cyclops and daphnids. The

intestines of _G. lacustris contained planktonic Protococcales and



benthic and planktonic Diatomaceae, whereas the plankton samples

indicated greater abundance of cyanophyceae than Protoccales or

Diatomaceae (Ermolaeva, 1962). Menon OqeO) observed _G.1. Iacustris 
,. :ì:in winter months feeding on chirononid larvae. '', ,'l

Principal predators of G. lacustris and g. l_innaeus were flsh,

aquatic birds, and carnivorous insect larvae (nnrUoay, lr9l2; ALl, Ì960, 
.,, ..

Menon, 1966). St,alked ciliates such as Vorticellar Epistylis , ,,.',

Carchesium, Ðd Zoothannium were ¡nain epibionts and cystacanths of 
:,; , : :

i.:..:1.:tl:-:acanthocephalans and cysticerci of cestodes were chief parasites

of 9.1. lacustris (Menon, f966).

Biology of tlyaleIle azteca (Saussure)

iivienert (fçiO) and. Bousfieh (1958) listed the fol]owíng

sJmonJrms of Hyaþlla azteca: Anphithoe aztecus Saussure, 1858;

Allorchestes knickerbockeri Bate, 1862; Hyalella dentatq Smith,

t87l+; Locla:i.ngtonia fluvialis Harforrl, l:877 ; Hyalella knickerbockeri_

rüeckel, 1902 and Hyarella azLeca stebbing, 190ó. 
,:,r,,;,,:,

Throughout North Arnerica, Hyalella inhabits rnost permanent , ,',

bodies of water in which the monthly mean summer temperature exceeds .t.:.'':.'. :

10 C (Bousfield, l:958).

Pairing of the sexes (precopula) occurred during ühe warmer

months of the year preparatory to ovulation, copulation and .'.:..,.,
i,:::::.:,ì,.¡;,

fertilization (Jackson, 1912; Wienert, 1950). After an incubation

period, dependent on temperature, Jroung as nriniature adults were

recruited into the population. Bovee (fç¡f) reported that the



average Íncubation periods in the laboratory were T and 18 days at

temperatures of 26-28 c and 2o-zz c, respectively. At constant

temperatures, Cooper (t965) observed average incubation periods of 
:.,:,,:,¡j

2$.5t D.?, and 9.3 days at lr5, 20, and.25 C, respectiveþ. ,'',",,',''-i

The frequency of nroultíng rras dependent on teqperature. At

a constant temperature of 15 C maturiüy was obtained in 98 days, 
;::i,:,::::while aL 20 and 25 c 36 ard 33 days were required, respectiveþ ,,.,,:'. 

,'.:

(Cooper, 1965), Bovee (fç¡f) observed average incubation periods 
,-,.,,,,,,.,.;,i

of 3l+ and 6o days at tenperatures of 26-28 c and zo-22 c respectiveþ. '. ':; :

After the sixth Ínstar the seeond gnathopod in femares was

similar in size and shape to the first, whereas in males it was

larger and convex (Geís1er, 19à4), rf mean fierd terperatures

were high, newþ recruited young matured and reproduced during

their first sun¡ner (nmuoay, r9i2; lrlienert, r95o; cooper, 1965). on

the other hand, nehr recruits in Marion Lake, BrÍtish columbia, did

not reproduee until thelr second, sun¡ner (Mathias, J:96Ð.

Fecunditywaspostiveþcorre1atedr,rithfema1ebodysize
.'.''i¡,:t,,'.'i(cooper, f965). cooper (1965) and Mathias (f967) suggested thaÈ .,1,,,,.

most females die after the release of the first brood with only a 
",'.,,',,'..¡,

few surviving femares reproducing a second time. on the other hand, 
:.::

Enbody (r9J2) reported that one pair had the potential of producing

an average of 18 eggs J-! tirnes ín I52 days. : ,:.,::
rj : l.: ;:.r:.::

Hvaleffa showed a wide spectrum in its preferenees for most

measurable environ¡rental factors. Hyalella was found in shallow

waters varyi-ng wideþ in temperature from warm partially stagnant



10

narshy pools to cold running streams (wienert, 1950). Bovee (rç¿ç)

reported that the time requÍred to produce thernal death vari-ed

fron more than 11 hours aL 33 C to less than one second at 50 C. 
i.,,.,i

sprague (tg6l) estirnated the hlghest 24-hour lethal temperatur" ',"',"

which could be obtained by raising acclination as 33.2 C.

Hyalella occurred in lakes and ponds wherever there v¡as an 
,. .,,

accumulation of living or dead vegetation (nmUoay, 1912). Jackson (fçfe) 
..,',,'t',

observed Hya1ella to be abundant where Potamogeton was present. . :,
': ::.-

Wienert (fg¡O) suggested that Hyalella preferred Chara, NiteIIa,

Myriophyllum, atd Ceratophyllu¡n over Potanogeton, .$p@, and

Ra¡¡unculus. Hyalella was abunda¡rt in Typha¡ Pota¡nogeton, and, Bromus

regions in Big Island Lake, Alberta (Menon, f966). Hyaletla has been

found associated Ìúith a wide range of substrates including gravel,

sand, arrd mud (Ir'tienert, 1950). A concentration of o>grgen of 0.7 ngh

caused 50% nortality in 24 hours at a temperature of 20 C (Sprague,

reé3).

Hyarella feed on protozoa, unicellurar aþae, filamentous aþae, , :..,
:,t.'.,''

and dead animal and plant material (Cooper, f965). Efford (personal 
,1,.,,,,,

connunication) suggested that bacterla are a major food source. i,',',.'--,,,

Predators included fishes, birds and preldaceous insects (nmboay, rgl2;
hllenert, 1950; Cooper, f965).

Hyalella is strongþ thigmotactic (Itolmes, l9O1). In addition, i.,,'1

Hva1ella is negativeþ phototrophic both to intensity and direction

of light rays (ehipps, 1915).

rn exlperimental jars, tr¡íIder (1940) showed that population



density influenced growbh, reproduction and mortallty.

Respiration

ïnternal respiration is defined as the sun total of aII
physical and chemical processes by which organisms utirize organi-c

materials as sources of enerry and heat (kosser and Brown, 196r).

Metabolisn is expressed in terms of o>ygen consumed., heat produced

or carbon dloxide líberated. Ecologists measure the rate of o)rygen

uptake of an organisrn to define the relationship between physiological

mechanisms and habitat, distribution and to provide a¡r indirect

measure of food assirrilated. This present review fa1ls j-nto the

former category. First, sources of experinental error that could

occur l-n measuring rate of o>ygen uptake will be d.iscussed..

E:qlerimental error

ïn courparative studies, rate of o4rgen uptake of related

organisms treated under i-dentical e:çerimental- conditions are

measured. The differences in the rates of oxygen uptake of closely

rel-ated species are usually of snall- magnitude (Berg, Lumbye, and

Oekelman, t95S). fn addition, the rate of o>qrgen uptake of most

poíkilotherms is easiþ infLueneed by experimental conditions

such as: temperaturer, quantity of o4rgen available, tine of day,

season, activiüy, nutrition, life history, and síze (Prosser and

Brown, 1961.

lvit'h every 10 c changes in temperature, the metabolic rate of

poikilotherrns changes about two and one-half times. For example,

11
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Fry OglrZ) an¿ Fry and Hart (19/+8) showed that standard netabolisn

of fish increased continuously with tenperature up to 1ethaI leve1s.

The rate of o:rygen uptake of Gammarus pulex pulex increased rrith

increasing üemperature, but the rate of increase was less at lower

telçeratures than at higher temperatures (!üautier and Troiani, 1960).

The rate of oxygen uptake of Trichoptera larvae, Polycentropus,

Plectrocnemia and Lirnnophilus, üras not constant over the range of

temperatures investigated. The rate was constant within the 4-10 c

range, increased slightly from 10-20 c and increased sharply above

22 c (Collardeau, 1967).

In most experinents temperature is controlled preciseþ,

However, if poikilotherms are kept at altered temperatures for several

days, their rate of olrJrgen usually shows some adjust¡nent to the ne¡,¡

temperature (Hoar, 1966), rf they are then returned to the original

tenrperature, their rate of olqtrgen uptake does not usuarly return to

the original lever but rather to a higher or lower lever depending

on the directÍon of the adjustment (Hoar, 1966). For exa^urpIe, Edward

and frving GgB) observed that rate of o>çrgen uptake in the sand

crab Emerita talpoidea, was greater in r^rinter than in su¡uner.

sirailarily, Berg (DSz) found that the límpet, Ancylus fluviatirlis,
had a greater rate of o)rygen uptake in winter than in sumner. In

contrast, frog (195/¡) reported that the rate of o:qrgen uptake of

.Ggmrnarus rimnaeus was less in winter than in sunner. The r¿inter

decrease in orygen uptake ü¡as correlated with Iow o)rygen concentrations

of Goose Lake (Krog, ibid).
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Berg, Jónasson and Ockelnan (fçóZ) for:nd three t¡pes of

rerationships a.nong the raüe of or$¡gen uptake and availability of

orqrgen in the benthic organisms that they investigated. (1) The

rate of oxygen uptake from IOO/,-I.5% Ievel of o>cygen saturation was

constant, but below this level the rate decreased sharply. Tubifex

tubifex, Tubifex barbatus, rryodriLus hamr,oniensis and chironomus

anthracinus followed ühis pattern. (z) The rate of o>cygen uptake

fron IOO%-4% IeveL of oxygen saturation d.ecreased followed by a

greater change in decrease at lower leveIs. Lumbricill_us rivalis,
Procladius, and Pisidiun casertanum foll-owed this pattern. (¡) The

rate of o,rygen uptake of Corethra flavicans decreased, at a constant

rate from 100% saturatlon to the lor^¡est levels. Si¡nilar to this

third pattern, Fox, trvingfield a¡rd simmonds (lgll) found that the

rate of o]rygen uptalce of Ephemera mleata was directþ correlated

¡rith level-s of environmental o4¡gen concentration.

OrganÍsns Ín their natural physical envÍronments possess

rhythns which are adaptiveþ adjusted to various activities. This

ís in turn reflected in their metabolic rate (Harker, 1958). períodic

patterns tend to persist even under constant laboratory conditÍons

(WeUU and Brorrm , I95Ð. Consequently, the effect of rhythms are a

source of experimental error in measuring orygen uptake of animals

(Prosser and Brown, 196I).

A small ani-mal in terms of grams of body weight has a higher

metabolic rate than a larger one (Prosser and Brown, r96L). The

relationship between rate of orrygen uptake and size is complicated
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by temperature (e.S. Berg and Ockelman, lr959:, Vernberg, 1959;

Armitage, t96z).

The metabolic rate of a species nay vary with sex and Life

history stage (lrrolvekarnp and lVaterman, 1960). In order to make

valid comparisons, comparable animals should be tested (Prosser

and Brown, 1961).

Muscular acüivity of an animal is one of the most difficult
factors to control in measuring its rate of o:ygen consumption

(hiolvekanrp and lrlaterman, 1960). Prosser and Brov¡n (19ó1) defined

basal metabolism as the o)rygen uptake required just for body

maintenance, standard metabolism as oxygen uptake measured with

mininral motor activity, and active metabolism as olryrgen uptake

rneasured at some fixed or forced leve1 of activity. Actual measure-

nents usually fell between standard and aetive metabolism (e.g. Krogh,

I95l+; ltliens and Armitage, 1961; Mathias , 196?).

The presence or absence of food as well as the kinds of foods

rnay influence the rate of oxygen uptake of animals (Prosser and

Brown, I9ó1). For example, Berg, et al. (lg6Z) reported that

süarvation did not immediately depress the rate of o>grgen consumption

of ollgochaetes, Lumbricillus raval-is, Tubifex U¿þ!!sx, Tubifex

barbatus, and Ilyodrilus ham¡noniensis nor of inseet larvae Corethra

flavicans, Procladius sp, and Chirnonomus anthracinus; buü did reduce

s1ightly the rate of o>cygen uptake of the pelecypod, Pisidi-um gBuseftanum.
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rtlþe-
ùqrgen up¡of anímals fron different latitudes

Krogh (rçr¿) hypothesized that the rate of respi-ration of

related species inhabiting localities with extremeþ different

temperatures would not, differ as much as the temperature difference

woul-d ordinariþ imply. several investigators have found evidence

that supports this hypothesis (e.g. Fox, rjJ6; Fox r93g; schorander

et al. r9fi). rn general, the rate of orrygen uptake of aquatic

poikilotherms neasured at natural habitat temperatures was ress

for cold-water aninars than for warm-water ones, but at any given

temperature animal-s acclimatized to Iow temperatures tended to have

higher metabolic rates than those of related species acclimatized to

high t,emperatures,

ùqyEen uptake of animals from different habit,ats

Fox, sÍ-nrmonds, and lilashbourn (193J) observed that ephemerid

nynphs from a swift stream had higher o]$¡gen uptakes than related

species from slow flowing streams. simirariþ, washbourn (tglí)
showed that o4ygen uptake of trout fry reared in swiftþ flor^ring

water was greater than for those reared in slow running water. rn

contrast, Berg, (tçsz) observed sirnilar orygen uptake between a

strearn snail, AncyÌus fluviatiris, rld a comparable stagnant water

snail, Acroloxus lacustris.

The rate of orgrgen consumption of two subspeci_es of gammarÍ-ds,

Q. pulex pulex and q. pulex fossarm sampled from different habitat,s
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r,¡as not signifÍcantly different (hrautier and rroiani, 1960).

The rate of o:qrgen consumption of members of the crayfish,

Orconectes immunig and onconecteg nais, was not significant,þ
t:,;a.,.,,.:r, 

.".,;different at moderate temperatures and concentrations of o:qrgen,

buü it was signÍficantly different at high temperatures and low

levels of o>grgen concentrations. The difference in rate appeared

to be due to failure of g. nais to regulate as well as o. imnunis ,.:::.,,

under extreme conditions. This was Linked to the absence of 
,,..,:,,.,

9. naig in the roadside ditch habitat of 0. Ímrnunis (ÌirÍens and 
;:J'

Armitage, a96f)

Mathias (7967) observed that the rate of ols¡gen uptake of

Hyalella azteca decreased considerabþ at row temperatures, whereas

the rate of o>cygen uptake of CranEonyx richmondensis occidentalis

remained relatively constant fro¡n 10-24 c. since crangonlnc was

more abundant in deeper water than in shallow water and Hyale1la was

more abundant in shallow water than in deeper water, Mat,hias 1çel)
suggested that crangon¡rx was beöter adapted to cold.er water than 

,:,,i,,,,.,,
Flvalella.

,,.:''.,',t'

Roux a¡rd Ror¡x ( ilgíil conpared the rate of o:q¡gen consumption .,;¡:,.,::,:,

of sympatric species, Gammarus pu1ex, G. fossarum, and G. wautiera,

!. pulex had a greater rate of o]rygen uptake at higher temperatures

than at lower temperatures and a greater stabiliüy in itsr rate at ,":..'
: .::.:a .

intermediate temperatures (r¡-zo c). 0n the oüher hand, the rate of
o)cygen uptake of G. fossarurn was less t,han !, pulex at all temperatures

and dropped rapidly at temperatures above zo c. Roux and Roux (iui¿,)
suggested that G. pulex was adapted to intermediate temperatures ::::: ::
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(ls-zo c), while G. fossarum was adapted to lower temperatures

and correlated these temperature adaptations with their distribu-
tions in the field.

L :-.: t . '.. :'
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DESCRIPTION OF THE AREA

hrest Blue Lake, located 1n Duck Mountain hovincial park

in western Manitoba, is a rtchannel, lake, a variarit kettre type.

The basin occupies a former melt-water channel that was re-occupied

by ice and drj-ft. Re-occupation and subsequent rnelting resulted in
a murti-basin configuration (Klassen, personal communication).

The principal morphometric features relative to this study

are the high mean depth, the steepþ sloped shores, and the nultiple
basin configuration which have tended to lÍmit and isolate the

l-ittoral zones.

There is a variety of fauna and flora in hlest Blue Lake.

The most common fishes are: hla11eye, Sti-zosüedion vitreum vitreum;

Tellow Perch, Perca fluviatirus; Lake Trout, salvelinus namaycush;

Northern Pike, Esox lucius; Five-spined stickreback, culaea

inconstans; and Fathead Minnow, Pimephales promelas.

The following birds are transi-tory residents of the lake:

common Loon, Gavia iruner; Franklints gul1, Larus pipiåan; Mallard,

Anas platyrh:wrchos pratyrhynchos; Golden-eye, Glaucionetta sp. and

Merganser, Mergus sp.

Zooplankt'on consists of Rotatoria, cladocera, copepoda and

Chaoborug. Fernando (personal co¡nmrnication) ident,ified the rotifers
Keratella cochlearis, I. quadrata, Ferinia rongj-seta and Aspranchna sp

as well as the copepods Diaptonus siciloides a¡¡d CYclops biscuspidatus,

Patalas (personal communicatíon) id.entified the cladoceran Daphnia
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Þurex and copepods Epischr¡ra lacusüris and Mesocycrops edax. The

cladoceran Bosmina sp was identified by l{ard (personat communication).

The benthos is rich both in numbers a¡rd kinds of fauna. Alr
benthíe organisms have not been identified. Table r summarízes the

chief components identlfied to date.

Part'ial list of sunmer phytoplankton is: Gyanophyta, Anabaena;

Chlorophyta, Zygnema and Spirogyra; Chrysophyta, Asterionella,

Stephanodiscus and Dinobr:¡on; and Phytomastigina, Ceratium.

Principal hydrophyt,es are: chara sp, &anuncurug circinatus,

Potamogeton pectinatus, and PotamoÂeton richardsoni.

Ll -:: i.:
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}MTHODS AND MATERIAT"S

Sampling Area

Sa.npling was cond.ucted in the littoral zone at the north ,.,.'

end of the lake (nigure f). This region had an area of L¡,rl¡OO n?,

a meên depth of 1.11¡ m and a maxirnum depth of 3.8 m. This compact 
,.,,.,

area faciliated sampling and it lÍas accessible in winter. Further- 
',,1,'.--,

more, ít was separated from other extensive littoral zones thus
;1- : :

limiting imnigration and emigratÍon. ::":::::

SarnplÍng

Numbered sampling units were located along 11 paralle1

transects arranged at pgo to the north shore (rigure l). Transects

extended from the *rorelines to the subllttoral zone which was

defined as that portion of the lake between the lakeward timit of ,

i

rooted aquatics and the upper lindt of the hypolimnion. During each l

sampling period (fa¡te 11), Ì0 random samþIes with replacement were 
r,.,,,,,,,,,

taken. A o.25 m2 metal frame was lowered Ínto each sample unit and :;:',::

the substrate within the frame was removed with a díp net (nesh size ,,.'1.'1

500 micron) and placed in polyethylene bags (18r x 3zn). rn shallow

water (< f m¡ samples were taken by stand.ing directþ over the sanrpling

frame. scuBA (self-contained underwater breathing apparatus) was 
i..ir,,:;

used at depths greater than 1m. lrlood (r9é3) outrines the techniques

of adaptÍng scuBA to limnolory. scuBA was not used in w"inter. A

hole was chopped through the ice at each sample unit, the frane was
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AREAS PATROLLED
ALONG SHORLINE SAM PL ING AREA

45 PATROLLED

BASIN I

BASIN 2

BASIN 3

t
r@ts

I

\d.EST BLUE LA,KE
CONTOUR MAP 5M INTERVALS

_ ¡KILOMETER

::l

.:

Bathpnetríe map of
and areas patrolled

West Bl-ue Lake showíng
al-ong shoreline,

FÍgure 1.
samplfng reg*on
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Table If. The dates and seasons of sarnpling.

Date Season

1. June
2. n

3. July
l+. tl
(rr
6. August
'7 lt

8. September
Ou

1,0. October
11. Nove¡nber
12. December
J-3. January
ld. February
V. March
16. Icay
!7. June

12, 1967
26

7
T7
28

9
2T
)

28
26
)q
27
27., 1968
23
25
1)
18

spring-late
nll

suûner
n

It

ll
n

It

falI
n

n

winter
tl

It

H

spring
lt
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lowered, md the substrate was sampled.

Sampling was based on two assumptions:

(1) amphipods were restricted to the Littoral zone, 
.,: ,.,:.:,,.¡(z) the north end of hlest Blue Lake (Figure r-) was sufficient,ly - .'-

isolated from ühe other extensive l:lttoral zones so that immigration

and emigration was minimal. These assumptions vÍere exanined by
;:':: '-: -'

observing dept,h distributÍon and migration along the shores. 
:.,1;..';,,,;,,¡
'j_': .

Seasonal depth distribution, was investigated by faking a 
,,,,,,,,,,,.

series of Eknan dredge samples on: 15 June, 1967, 11 August, 1967, '1:"::: '

8 September, L96J, t6 May, l.968, and 20 June, 1965. Using a

0.24 m x O.24 m Ekman dredge, samples were taken along extended

transects J, 5 and 9 (FÍeure 1) at depths of l, 21 3r Ur 6r g, 10, 
:

and 12 m. In the laboratory amphipods from each depth were identified

to speci-es and counted.

Irn additíon, depth distribution over a 24 hour period was 
r

examined for evidence of diel inshore-offshore movenents. On 18 and ; :

19 June, 1968 sanrples were taken at the following times, (f) t hour r j:.:l
before sunset, (z) sunset, (J) darkness, (¿) r hour before sunrise, "'i'".',

t 
,, 

r 
¡ ;. 

, 

,, 
. , 

I , 
, 
, .. -(!) sunrise, (6) f hour after sunrise, (il noon and (8) mi¿-afternoon. :::,:::.::ii:

For each time period, sanrpling was conducted along üransects l, 5, and

9 (Figure 1) at depths O.25, I.5,2.5, and 4 nr. At each depth the

O.25 r& sampling frame was lowered and the substrate within the frame 1',',:,.,:,r:l,'
ij:.:':,:,:'::l' '...

Ï¡as removed with the dip net. rn the laboratory a.nphipods from each

depth were identified to specÍes and counted

Amphipods could migrate along the shorellne from the sa:npling
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region t,o the exLensive littoral zone separating basin I a¡rd 2

(rigure r). on 14 May, L968 observations were mad.e along both shores

during day and night to detect horizontal novements of amphipods.

Treatment of Sarçles

The samples r¡¡ere sieved through a nest of monofilanent

screens (aperture opening 2630-500 mícron) construeted on wooden

franes. During this process amphipods trap air bubbl-es under their
body segments ¡naking them less dense than water. Animals were then

floated from the sediment by placing the screens in water. Sedinents

were sorted by hand to ensure that all specimens were exbracted. The

amphipo'ds were preserved in 5% formalin.

rn the laboratory ro1538 amphipods were identified to species,

measured, sexed, divided into life history stages and counted.

Amphipod density was elcpressed. as mean number per square metre.

Lengths were measured to the nearesü o.lmm using a dissecting

nicroscope fitted with a measuring eye piece and stage micrometer.

Measurem,ent was from the base of flrst a¡rtennae to the tip of üe1son.

To facilitate this neasurement speeínens T^rere placed in water for
12 hours. This made bodÍes less rigid, so that curled anj-maLs could

be extended for more accurate measuring. For both species the samples

were divid.ed into I size classes based on total body rneasurement.

Eggs were removed and counted vnith the aid of dissecting

microscope fro¡n each female bearing a brood. Fecundity was defined

as the number of eggs observed per female.

i..i::i

i: ::
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Sex of adult Gammarus was determined by presence of calceoli

on ühe f1agellum of second antennae in males and presence of ðostegites

in fenales, Presence of the large subchelate propodus of seeond

gnaühopod defined a male Hyale1la, whereas a female was defined by

presence of öostegites.

samples were di-vided into the following life history stages:

lnmatures, pre-reproducüive, reproductive and post-reproductive adulüs.

AnphÍpods with well developed se:<uar charaeters, in precopula and

females bearing ovaries or brood were defined as reproductive adults.

Those with rudímentary sexual characters, not in precopura and

females not possessing ovaries or brood were defined as pre-

reproductive or post-reproductive adults depending on size and time

of year. sex ratios at appropriate sizes were used to determine

nunber of mares present in these life history stages. rmmature

animals were defi-ned as those with no observed sexual characteristics.

Measurement of Environmental Factors

During each sampling period an electric thermometer was used : :

',-.,'t ,, .,,

to. record water temperature. Using a Canbridge pocket meter, pH was ., ,',',',,,

recorded. Habitat dissolved o:ygen levels were neasured by the

¡todified Winkler technique. Seasonal sediment-water i-nterface values

for pH, ng/t of d.issolved o:çt¡gen, and water tenperatures are shown j-n ''i .'.,
"' a:' ::..

Figure 2. For each quadrat sampled, depüh, hydrophyt,e, and substrate

present brere recorded. :
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Mortality

One of the slmplest assumptions of nortal-ity is that a

consta¡t fraction of ani¡nals present die per unj-t time. Numerical_ 
.,

representation of this relationship is (Ricker, 1959):

Nt : No u-it
where

lt.,
,1. :No : initial number of animals present

Nt : number of animals present at time t .,,

e = base of natural logarithms

i = instantaneous mortality rate

t - any period in tine

Expressing this relatlon in the natural logarithnic forn:

hNt: hNo- it
theinsüantaneousrnorta1ityratesforreproductiveadu1tsandjuveni1e

animals were estinated by method of least squares.

Spring sarnples of reproductive adults of Ggmmarus contained

gravid fenales r+lth well developed eggs as well as new eggs, whereas 
,..,

spring sa.rples of Hyalell-a did not, contain eggs and thus were not ,'I
,,1-,

in comparable rife history stage" To cornpare mortaËty rates of

reproductive adults of both species, relaüive abundance of Gar¡¡narus

adults collected during June 12 to July 28 were compared r,rith relative 
r,::,,

abundance of Hyalella a.dults eollected from July Z to september 2. i''':

Non-overwintering adults of Hyalella were not included.

Mortality rates of juvenile anÍmals of both species were
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estinated from cessation of recruitment ín 196? to prior to first
appearanee of reproductive adul-ts in 1968. For Ga.r¡marus, this
period was frorn July 28 üo March 25, and, for Hyale11a fron september 2 

:.,, .-
to May 12. Juvenile individuals were defined as ner^r recruits of 1967. :.: ::,

Aft,er Septernber 2, juvenile animals of Hyale1la consisted entireþ
of pre-reproductive adults. Juvenile indÍviduals of Galqnarus

consi-sted of both i¡mature animals and pre-reproductive ad.ul-ts from ,,'¡,.'-,, ,.

:.: .:: 
..

July 28 to Deeember 27, but consisted of only pre-reproductive adult" 
,;,,,1.;,:,:

after Decenber 2?. I :r';::::i

rf reproduction was highþ s¡mchronized, i.e. all fenales

became grari:ld at the same time, released their eggs at the same time

and died, there would be a relativeþ short period of overì_ap between

presence of eggs in the popuration and presence of young. Thus, in
a relatively short time, the standing crop of eggs released would

become the standing crop of immature animals. rn the absence of

mortality between egg and irmature rife history stage, the two

standing crops shourd be numeriea'y equal; thus any differencu 
,.i:,,,r,:,,,:,,::between the two would reflect a real mortality effect. 
ì 
''

Since fecundity was deternrined for each gravid fenale sampled, ,,.:i,t,,:l

the number of eggs per square metre was calculated for each sarnpling

period. rf there were no gravid female mortality, if all eggs counüed

were viable, and if alt females became gravid in a relaüiveþ short , ,,-,, ,

, t,,,',.t¡tt,t',

period of time, then the density of eggs observed at the beginning

of reerui-tment would be an estinate of the number of new recruits

expected to enter the population.
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The reproductive adults, however, were characterized by

an elqponential rate of decline. Consequentþ, density of eggs

observed were corrected for number of eggs lost due to female

nortarity. The difference between the number of young e:çected to

enter the populatj-on and the actual mean standing crop of young

after cessation of recru-itment indicated the number of aninals lost

during this period. Instantar¡eous mortality raües were calculated

using the above forrulae.

Growbh

Mean body lengths were calculated on each sampling date for

inmature animals, pre-reproduetive and reproductive adulüs of Gammarus

and HIal-ella. Mean body lengths of reproductive adults of Fyalella
were calculated frorn Juþ 7 until september 2. During this period,

reproductive adults of Hya1ella hiere comparable to those of Ganmarus.

Non-overwlntering reproductive adurts were not included in the

calculati-ons. since there was a size difference between male and

fenale gammarids, nean lengths of ühe sexes of pre-reproductive

adults were calculated separately.

Bespiration

Rate of o)rygen uptake per male amphipod hras measured with

a Scholander Model VR-300, respirorneter, (Sctrolanaer É a]-, I95Z)

at temperatures Ir 21 51 71 73r 19, and 20 C.

Before a test perlod, specimens were collected fron the
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fíeld and sorted þ species, se:r and Life history stage. The

constant tenrperature water bath was set equal to habitat water

tenperature. For each species ùwo to four animals were placed in_ 
:..:,.::,:

to the respiratory vials Ì^rith 5 ml of screened lake water. Durlng ::

fall and winter, pre-reproductive adults were neasured at 51 7, arñ

I, 2 C respectiveþ. Reproductive adults were rneasured at 19 and 
.:,.: ...::20 C in su¡ffner. fn spring (f¡ C) pre-reproductive Hyalel1a was ,;,;,,.,,.,,,,

eorpared vrith reproductive Ga¡unarus, The method outlined by : : :;: : :: :
., 1: . :: 

. 

-a:: a:schol-ander et al. (tgsz) was used for carbon dioxide absorption.

To obtain vol-ume stabi}ity, t hour thermoequilibration r^ras allowed . :

The shaking rate of the rnanometer rack was adjust,ed so specimens

would not be trapped in the surface film. O:rygen uptake was measured

every hour for two hours, specimens were re¡noved fron the vial,
dried of excess ¡¡ater on fÍlter paper and weighed. Raüe of oxygen

uptakewasrecordedascubÍccentimetersofo)ry8enconsumedper

gra.n wet weight per hour.

rn r,rinter, anÍmals were transported from the field station
',t'¡,t,,1,.1, ,'totheuniversity1aboratory.Duringtransportationand'sorting,

animals r¡rere exposed to higher than habitat temperatures. Anfmals ','::,,:,'::,

were acclimated to 1 a¡rd 2 c for ?0 hours. After acclirnation, the

proeedure was identical ¡.r'ith the above.
:

- -:,.t-. .:
)a't: : -:.:- :: )

HabÍtat Preference i:...:!:::.,.,:r,

ft seemed by observation that Gammarus preferred deeper water

and Chara beds, whereas Hyalella preferred shall_ow water where
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Pgtamogeton was the doninant hydrophyte. To test this hypothesis

the following variables l¡rere recorded for each of t-he 1J+5 sampling

units: depth of the water coJ-umn, v¡ater temperature, nurnber of 
:. 

.: ,.:,.
Ga¡nmargs and Hya1ella, substrate t¡4pe (one of gravel, sand, silt, :r::':'::,

or ntrd), hydrophyte type (either chara sp, Pota¡nogeton pecti-natus,

P. richardsoni, Ranunculus cirinatiE; or any combination depending 
:.:_:,

on what ones vtere present), The object was to determine whether ,,:';,,,.¡'

the distribution of Gammarus and Hyalella $¡ere correlated r,rrith
:, ¡,t,'-¡,',.,.,

depth, hydrophyte cover, substrate, ild temperature.

In the anaþsÍ-s the following problems were encountered:

(1) All variables were intercorrel-ated. This problem raitrl

be discussed.

Q) Both quantitative and qualitative variables were

recorded. Hence, the variables were analyzed in a stepwise fashion

withühequa1itativevariab1esbeinganaþzedfirstandthenthe

quantitative variables were introduced.

(¡) since any one of the four hydrophyte species could either 
i,.,,,,,,,,,,1,

be present or absent from any one sarupling unlt, 16 different : :: 
.,"

' ,', , , 

t, 
,.,',',

combÍnat'ions were possible. fn order to test the hypothesis it was ,,;,,,',',-.,,,,
I

desirabre to divÍde the hydrophyüe samples into groups of samples

which ü¡ere as different from each other in floral composition as

possible. The hydrophyt,e data were ana\rzed by an association ::,,',,.:,:',

anaþsis method of trlilLiams a¡rd Lambert (fg¡ç).

ïn this technique data consisting of presence and absence of

each of s species in each of N sarnples (N2s), were anaþzed by
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determining the species whose presence and absence best divides the

N sa.rples into two groups in which ühe differences between groups

were rnaximized and those r,rithin groups rrinlmized. This procedure

r{¡as repeated on both of the two groups of sarnples thus produced,

and so on, resulting in a hierarchy of groups of samples defined

by species presences or absences.

(+) Slnce the nu¡nbers of Ga¡nmarus and Eyalel1a in each

sampling unit were tcontagioust (few quadrats contained a moderate

number of aninals and many quadrats contained none or very few

animals), the frequency distributlon was skewed. To reduce the

skev,¡ness a natural logarithnic transformation was performed. To

overcome t'he difficulties with zero counts in logarithmic tra¡rs-

formations a const,ant one was added to the original count (x);

i.e. XTr.rr". : l¡ (x + t).
(¡) Since water temperature ïras the sane for each sample

quadrat on any sampling date, it was excruded from the analysis.

To test the independence of substrate type fron the groups

of hydrophyte sa:nples in which the r¡ithin-group heterogeneity was

mininized, a chl-square anaþsis was conducted. A bx3 contingency

table was used. The two variables of classifÍcati-on were hornogeneous

hydrophyte groups with three categories and substrate t¡rpe with four

categories. The nuII h¡ryothesis was that substrate type and homo-

geneous hydrophyte groups were independent.

To deternine ¡^¡hether significanü differences in mean number

of Ga¡nnarus, Hyalel1a, ffid depth occurred. in t,he homogeneous
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hydrophyte samples, one-way analysis of variances, using the

completeþ random design, were applied to the data.

The statistical test and the rtFn table used are given in

Steele and Torrie (fgóO).



35

RESULTS

Sampling

The sanples collected vúith the Ekman dredge (nigure 3) in-
dicated that the depth distributíon of Ga¡¡marus and Flyalella

remained relatively constant durÍng all seasons r,¡'ith few i-ndi-

vlduars of either species oecurring at depths greater than the

maximum transect depth of (3.8 m). similarly, diel variatÍons in
distribution were not apparent (rigure 4). Regardless of hour,

again few animals were captured beyond the maxirmrr, üransect depth.

Observations along the shore made at LI AM and tl pM on

J2 May, 1968 indicated the presence of amphipods in isolated areas.

However, few animals were present in these areas and there r{as no

evÍdence for diel variation in abundance or movenent.

Relative Abundance and Density

Amphipods collected from 12 June, 1967 to 18 June, 1969

(fOr5¡g) were 33% Ga.¡nmarus arñ, 67% Hyalella (taUle III). Gaqgarus

was less abundant than Hyalella in aL[ but Lhe 26 June, 19ó? and

18 June, 1968 sarqoles.

In the first sa.urple (12 Junu, fg67) there were about B0

Gag¡marus per m2 (FÍgure 5), uut by June 26 density had increased to

the seasonal maxinum (zæ/o?). After rnid-Jury density decreased

grad.uaIly, reaching ühe seasonal minimun (gZ/#) on 12 Mayo 1968.
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Table III. Nurrber of Ga¡unarus and H:Lalel1a sampled and their abundance
relative to each other during the sanpling periods.

Percent

Date Ga¡nmaru! Hya1ella Total- Gamnarus Hvalel1a

June

JuIy

Aug.

Sept.

Oct.
Nov.
Dec.
Jan.
Feb.
March
May
June

28.96
56.22
hI.5t+
36.b8
29.91+
3r.35
28.00
29.5h
27.72
29.98
27,78
28.t6
26.06
25.OO
24.O8
l5.25
66.u6

7r.oh
43.78
58.t+6
63.s2
70.06
68.65
72.OO
70.t*6
72.28
70.o2
72.22
71.81þ
73.94
75.OO
75.92
84.75
33.5t+

ó18
893
739

1017
LoTz
807
675
5t+5
523
457
486
5$
353
288
299
4l+6
805

l+39
39r
432
6ue
757
55t+
L86
384
378
320
357
370
26L
2]:6
227
378
270

179
502
307
37r
32r
253
189
161
u5
L37
v5
u5
92
7z
72
68

535

1)
26

7
17
28

9
2T

2
28
26
25
27
27
23
25
12
18

TotaI 68i,t+ IO,538 Mea¡r 32.5O 67.50
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Relative abundance on 18 June, 19ó8 was sirnj-lar to that observed

previously on 26 June, 19ó7 (Figure 5).

In Hyalel1a sanples, Lhe seasonal maxinum (lll+/n?) was

obtained on Jury 28 (Figure 5). After this date the sample density

decreased and reached. a seasonal mini-num (tot/m2) on 25 March, r9ó8.

Biomass

Biomass estimates were made for inrmature animals, pre-

reproductive and reproductive adults of both species from estimated

mean wet weights of 20 average-sized indiv:iduals in each life
history stage. The weights for reproductive and immature animals

were based on indivÍduals collected on 1967, July rZ, while those

for pre-reproductive adults were based on indlviduals collected on

27 January, J..968. These weights were then multiplied by nean

nunber of animals per sguare metre present on these dates (raute rv).

Table IV. Biomass estfmates for each life history stage.

I -'_ -.-.

Life history
süage

Gammarus HyaIell-a

Meqn gh& Mea¡r gh&
wu. (s) wu. (e)

Reproductive adults 0 .O95b 3 .Lg 0,0167 L.75

Immature animals 0.0071 \.O3 0.0038 0.61,

Pre-reproductive adults 0.00711 2.gI 0.0192 2.Zg
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Population Structure

Ga¡nnarus collected on 12 June, 1967 were entireþ reproductive

ad.ults (figure 6), however they had uirtually disappeared from the

sarnples by July 17. Throughout the suilner and fall, about 3% of aIL

Ga¡nmarus sarnpled were post-reproductive adults. In summer, immature

animals made up 85/, of Ga¡marug in the sanples. These i-mrnature

individuals gradual\y developed into pre-reproduetive adults. Pre-

reproductive adults formed 77% and 98% of the total j-ndivl-duals in

the faLL and winter samples (fa¡fe ff). W 12 May, 1968 pre-

reproductíve GaElnAzue had developed into sexually mature adults

with their newþ released young naking up 81% of the total indivi-

duals collected on June 18.

In the first sample (12 Junu, 196?) there were 53% and, t+T%

reproductÍve and pre-reproductive Hyalellar respectively (Figure 6).

Pre-reproductive adults matured rapÍdly into reproductÍve individuals.

Reproductive adults were present all- sumrner, but the size disüribution

in the sa"uples of August 9 and August 21 were composed of both large

and smal_l reproductÍve animals (Figure ?). The smaller reproductive

aninals were interpreted as non-overwj-ntering adults that had

developed into reproductive individuals in their first sunmer. In

winter and spring the sa.urples conslsted entireþ of pre-reproductive

adults. Population structure in June, 1768 was sin-llar to that

observed previously in June, 196? (Figure 6).
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Size Classes

The length frequency distribution of Gammarus from June 26

to August 9 was bimodal vrith reproductive and post-reproductive

adults forning the ¡nodal group of larger indivÍduals (10-17 mn)

and imnature individuals (Z-f nrr.) rnaking up the second (Figure 8).

During th.ls period, the smaller individuals gradually increased

in size as the larger individuals were eli¡ainated from the sa,mpIes.

Fron August 21 to Jr¡ne 18 the ¡node of the distribution gradualþ

shifted to the right as inurature individuals increased j"n size

beeoning pre-reproductive and reproductive adults. 0n 18 June,

L968 ttre size frequency distribution was slmilar to that observed

on June, 1967 (Fieure 8).

June, 1967 samples of Hya1ella consisted of large reproduc-

tive adults (5.S-7.9 mm) and snaller pre-reproduetive adults (4.0-

ó.1 mn) (figure 8). Throughout the sunmer large reproductive adults,

before being eliminated from samples, gave rise to s¡nall (0.¡-O.g)

imnature individuals, while pre-reproductÍve ani¡nals increased in

size as they matured. After June 26 small anirnals (0.¡-0.9 mm)

were evident in the samples and their rise through the size classes

could be followe¿ (Figure 8).

For comparable life history stages Ga¡u¡arlrs was larger

than Hya1ella (faUte v).
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Tab1e V. Mean l-ength and sÍze ratios of Hvalella to GeFnarus
for the life history stages during 19ó7 and

Life history Mean length
nm

Ratio

Gamnarus Hyale1la Hya1ella: Gammarus

I¡¡mature

Pre-reproductive

Beproductive

h.37

t-r.05

14.11

L.76

5.r9

6.06

1 : 2.1+8

1 : 2.L3

1 : 2.33

Reproduction

Gra¡rid fernales of Garunarus were present in lt967 from June 12 to

JuIy 1? and did not occur until 11 nonths later on.12 May, 1968

(figure 9). AIt immature índividuals overvrrintered before reproducing

(nigure 6). Since irnnature aninals first appeared in the sa.utples

on 26 June, ]L967 and reproductive adults did not occur until 12 ïulay,

1968, the age when reproduction first occurred was esti¡naùed as 11

months (¡'leure ó).

fn the 1967 sampLes of Hyalell-a gravid femal-es were present from

June 26 until Septenber 2 ïrith a rnaxi¡mrm number occurring on July 17

(nigure 9). 0n the basis of body length reproductive adults Ï¡ere

divided Ínto overnintering and non-overwintering adults (figure 7).

Non-overw'intering adults appeared (August 9) one nronth after newþ

released young where fírst observed (.lufy 7¡. The najority of

immature animals ovenrintered before beco¡ning reproductive adults,

but a few animals natured in their first sunmer (nigure ?).
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For both speeies gravid females were divided into size

groups on the basis of body length and mean fecundltÍes were de-

ternined (taUfe ff). Fecundity was positiveþ eorrelated ¡ri-th

fenale body length (Figure 10).

There was no apparent difference in the sex ratÍo between

the two species (raUle VII). Prior to reproduction the sex ratio

of both species approached I : l. whereas females r¡rere nore

abundant during the reproductíve períod. This might indicate that

nales, which v¡ere more active during precopula, hd a shorter life span

or that predation v¡as selecting the larger ¡¡ales over the smaller

fe¡nales. lrlhen pre-reproductive adults fÍrst appeared Ín the 1967

sa^urples of Gammarus (August 22) , rna.Les &rere more numerous (Table VfI),

indicating perhaps that males matured earlíer than females.

Mortality

Instantaneous rnortality rates for reproductive adults,

Juvenile a¡rirnals after recruitment had terninaüed, ild immature

animaLs whlch occurred during recruitment are tabul-ated ln Table VIII.

Table VIII. Instantaneous mortality rates per unit time.

Life history Per unit Gammarus Per unit HyalèI1a
time time

(months) (nonths)

Reproductive adults 1 0.044 1 0.020

Juvenile animaÌs 10 0.00ó5 10 0.0018
(afÈer recruÍtment)

Imnratr¡re animals 1 I.2O I 1.30
(Ouring recruÍtment)

l:.':: i: .:
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Table Vf. Mean fecundity per fenale
(P : 0,95) of Hva1qlþ and

and confidence intervals
Ga¡marus.

Length of
body (m¡n)

Mean
fecundity

95% Confidence
interval

Hya1ella

3.2
3.7
4.2
l+.7
5.2
5.7
6.2
6.7
7.2
7.7

7.o
9.3
8.9
8.5
9.3

u.3
19.5
2l...8
25.9
26.o

t+.5 - 9.5
7.0 - 11.6
5.3 - 12.5
l+.8 - L2.2
4.6 - r4.o
8.7 - L9 .9

18.2 - 20.8
rg,6 - 25.o
22.2 - 29.6
21.7 - 30.3

Gammarus

9
10
11
u
13

u

15.b
L6.2
19.0
22.7
23.3
25.8

7L.2 - jt9.6
ro.7 - 21.7
13.9 - zh.r
t6.7 - 28.7
\7.r - 29.5
I8.O - 33.6
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Table VII. Nr¡.mber of nales and females and ratios of males to fenales
for Gammarus a¡¡d Hyalella sa:npled during 1962 and 1965.

Sampling
date

Ga¡nmarus HyaleI1a

Male Female Ratio Fenale Ratio
June

July

Aug.

Sept.

Oct.
Nov.
Dec.
Jan.
Feb.
Mar.
May
June

1 : 7.27
1 : I.37
1 : I.35
1 : I.73
1 : I.33

L t O.22
I : 1.03
I : 1.19
1 : 0.95
1 : 1.15
1 : 1.0O
1 : 1.04
1 : 1.12
1 : 0.95
1 : I.72
1 : 4.10

2l+l+

2LO
185
151
Ðl+

83
u5
L6t+
r73
140
141
163
121
t08
117
228
T7T

]t96
l:65
191
119
111

59
u9
122
720
180
2]:o
207
140
108
1I0
150
oo

100
81
27
26
4
2
6

60
62
54
60
69
47
38
35
l+3

82

J2 79
26 59
720

r7 15
283

9
27 27
258

28 52
26 57
25 52
27 69
27 L+5

23 3h
25 37
12 25
18 20

l-
I
1
I
T
1
1
t
1
1
1
l_

I
1
1
I
I

r.2h
r.27
o.97
r.27
1.21
1.41
o.97
r.34
I.1+l+
0"78
o.67
o.7g
0.86
1.00
1.06
r.52
r.73
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Regression lines fitted by method of least squares are

shown for reproduetive adults and juvenile ani-nraIs of both species

(Figure 11). Detailed calculations for all three Iif e h5-story 
:,..,,,

stages are included in AppendÍx A, Tables A-I a¡rd A-II.

Growbh

'.'i,.
Data in Figure l2 revealed that neither the ïLnear additive ,

r¿ode1 nor the er<ponentÍ.al model- of growbh would give a reasonable , .

irr:
description of the growbh pattern of immature and pre-reproductÍve

individuals, Consequentl¡l a smooth curve was dral.¿n through ühe

points by eye (nigure l2). Linear growbh curves for reproductive

adults were fÍtted by eye (nigure )2).

RespÍration
1

Tab1e TX shows the mean rates of orygen uptake of males of
,,

Gar¡narus ar¡d Hyalella. The rate of orcygen uptake of @arus. at low l

water temperature was apparently greater than that of Hyalgl].a, while ,,,
,,i ,,,a,,;

at higher temperatures the rate of llyalella ï¡as apparentþ greaùer 
,.,

than that of -Ga¡nmarus 
(nigure 13). ,i"t,'

An erçerÍment was conducted to investigate the effect of

accli¡nation on rate of otõrgen uptake of Gam¡narus and Hya1el1a. ûrygen

uptake was measured for ani¡nals taken directly fron the field it,,,!. "

(ternporature 13 C) anA compared to o:cygen uptake of similar sized

anj.mals that were subjected to a period of upwards accï-mation to

18 C for three days followed by a period of downwards acclimation

to 13 C for 70 hours. This one elqperÍment indicated no signÍficant 
:

difference between animals subject to upwards and downwards acclimation
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Table IX. Mean rate of o>rygen uptake and confidence intervals (P :0.95)
about the mean of Ga¡nmarus and Hyalella. The values given
are in cc of orrygei-ffiffie¿/er;ñffib./t w. N : number
of animals tested at each tenrperature.

Temp. Gamnarus Hvalella

Mean
CI

Mean
CI

J2

5

10

7

1

)

5

7

L3

19

20

2T

14

v
10

5

18

9

o.263
(o.zj7 , 0.289)

o.27L
(o.zz8, o.3U)

o'35o
(o.3t5,0.395)

o.364
(oJz7, 0.401)

o.556
(o.529 , o.583)

o.573
(o.532,0.614)

o.566
(o.5zg, o.ó04)

0.074
(o.o6z, o.os6)

o'o9g
(o.ozr, o.725)

a.2v
(o.r5z,0.279)

o.]-76
(o.1e5 , o.zz7)

o.538
(o.st5, 0,560)

o.877
(0.934,0.920)

l_.069
(t.046, t.oBB)

T9

16

15

,: -:.i
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and those not (TaUle X).

Habitat Preference

The association anaþsis method of Willia.ns and Lambert

(fg¡ç) produced three groups of sarnples for which the flora1 dif-
ferences alnong groups were nåx'jJlized and those wÍthin groups

mininized. These homogeneous groÌrps were !@g, Ranunculus, and,

Potarnggetsn, Complete calculations for these results are j-ncluded

in Appendix B, Tables B-I.

Table Xf shov¡s that substrate t¡'pe (gravel, sand, sÍ-lt,

or nrnrd) was not independent of the three homogeneous florar groupg
,L(^'1",7 24.81, P < o.o5).

The results of anaþsis of variance calculations designed to

test for significant differences in mean number of Gammarus and

Hya1ella and mean depth within the three homogeneous hydrophybe

gror¡ps are suniaarized in Table XIf. Complete calculations for

these tests are included in Appendix C, Tables C-I.

Table XII. Resulùs of one-vray anaþsis of variance designed to
üest for signiflcant mean nurnber of GaE¡qarug and
Hyalella aná nean depth in each of tlãEG homo-
geneous hydrophyte groups.

Critical P 0.05
value

Gamnarus 54.29 3.06

I{ya1e11a 7.18 3.06

Depüh 7.16 3.06

Jr-

lc

JI
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Table X. Results of the effect of introduced acclimation on mean
rate of orrygen uptake of Qanmerus and Fïyalella.

No íntroduced
aceli.mation

ïntroduced
acclination

Ga¡nnarus

No. of a¡¡i¡ra1s 5 5

Mean o:cygen uptake
(cc/nr./em. wet wb. ) o.tnS6 o.47e

Confidence interval
(r:0,95) (o.b29,0.4s3) (o.t+t+io 0.515)

Hyalella

No. of a¡rimals 5

Mean o:rygen uptake
(cc/tu./em, wet, wb.) 0.43S

Confidence ínterval
(p : 0.95)

5

o.L53

(o.lr¡, 0.4ó0) (0./+19, 0.487)
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Table Xï. Chi-square \xJ eontlnguency table. The nuIl h¡pothesis r¿as
that the three homogeneous hydrophyte groups were independent
of the substrate t¡pe.

Gravel Sand Silt Mud Total

Observed 13 23 7 11 5l+
Chara E:qpected 8. t9 13 .O3 16.39 16.39 5l+

(ous. )z/r."p. 20.63 40.óo 2.gg 7.3s 7r.5o

Observed6660L8
Ranunculus E:çected 2.73 l+.31+ 5.46 5.h6 18

( ouã. )z/rop. r.32 o.-83 o .66 0 2 .81

0bserved 3 6 3L 33 73
Potamoseton E:cpecled 11.08 17.62 22"15 ZZ.I5 73(oui.)z/rnp. 0.81 z.ot+ 13.39 t+9.r6 95.40

Observed 22 35 4l+ l+l+ U5
Total E:cpecled 22 35 4l+ l+b lL5

( ous . )z /ø*p . 22 .7 6 L3 .t+7 b7 .Ot+ 56 . 5t+ 169 ,81

L

Yo,.o,: 12.6

T'o,., : fl(o¡s.)e/nrp. - ll

*,.,.o,: 169.81 - jJ+5

ìL',. ".- 24.8tx
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The calculated rtFù value of 5L.29 exceeded the critical
value of J.O6, P < O.O5 (taU1e XII). Hence, the nu1l hypothesis

that there was no significant difference in mea¡l number of Gamrnarus

within the three honogeneous hydrophybe groups !,ras not accepted.

, Sirnilarily, there Ìras a significant difference in mean

nÌiltber of Hyale1la and mean depth l*i-ühin the three hydrophyte

groups. The calculated rrFrr value of 7.18 for Ï{yalel-la exceeded

the criüical value of J.O6, P < 0.05, whereas for depth the

calculated 'rFrt value of 7 .16 exceeded the cri-tica1 value of j.O6,

P < 0.05 (Table xII),
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DÏSCUSSION

The co-occurrence of Ga¡:marus and Hyalella at the north end

of Ïrlest Blue Lake suggested a possibre cornpetitive relaLlonship,

contradicting Gauset s contenti-on (Gause, r%ù. odum and odr:¡n (tgSl)

stated that conpetition oecurs between species wherever nlches overlap.

When there is considerable overlap of niches, one species wiIL

eventually disprace the other (l¡falÌaee and srb, 196Ð. consequences

of competition between two species lnhabiting very sinilar spatialþ

overlapping niches are, first, one species raay elinrinate the other

and second, if the nj.ches are sufficientþ dissirnilar both species

could coexist. fn the latter case, continued selectíon night lead

to divergence and consequentþ, greater use of a¡rd reliance on the

dissirÉIar aspects of the niches,

The nain focus of the present study of the fundamental niches

of Gammar.us and Hygrlella was on differences in relatlve abundance

and life histories. However, prelimina:1r observations were made on

physiologieal and habitat differences.

Population þnarnÍcs

Sínce both species are essentialþ univoltj.ne a repetition of

annual patterns ca¡r be e:qpected with peaks of abr¡ndance occuning

at int,ervals of about one year (ffgure 5). The hlghest leve1 of

population density of Gammarus (ZZS/r&) was observed on 26 June,

7967. At this ti-ne about 72% of the sarçles were composed of newþ
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recruited irnnature animals. After this peak, the decreasing phase

of the population density began. Trlhen the water tenperatures were

high and the samples eontained a large precent of immatures, the

dorsnward slope of the density curve was süeep. There was a slower

rate of decl-ine in faLL and winter when water üemperatures were

low and the samples consisted almost entireþ of moderateþ large

pre-reproductive adults. The population densíty on 12 lfay, 1968

was 3O/n? r,rith reproductive adults naking up 100% of the sanples.

On June 18 the popuJ-ation density had increased to zU/vP.

The population density of Hvalellg reached a naxim¡m (lSlr/r&)

on July 28, one month after the nra:dmrm numerícaI abundance of

Gamnarus. The decreasing phase was similar to the one observed for

Ga¡¡marus. During fal-I, wÍnter, and spring, the samFles consisted

of only pre-reproductive adults. There was a sudden increase in

population density on 72 May, 1968 that couLd not be explained by

reproductÍon as all samples observed r^¡ere overwintering pre-

reproduetive adul-ts (to be discussed).

The populatíon density patterns for both species were similar

except for ùwo differences. FÍrst, Hva]ella was consistently nore

abundant than Ganmalus and secondly, the time of numerical maximum

abundance was staggered þ one month. Galilnarus reached maximrm

relative abundance on June 26, whÍ.,l-,e E¡¡g.lella was most abundant on

July 28.
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SampLing

The above changes in population density in samples could

have been caused by variability 5-n sampling effieíency and by :::..:
,- -a -. 

'.. 
ta.

immigration to the north end of the lake and enigration from the

north end of the lake. ïn fact there was evidence that the

assurpÈions of the sarnpling design were satisfied. (1) Data . .'.,
tt 

t, t.,,

shown ín Figure 3 suggested that seasonal rnigrations did not occur. 'r:':'"'1:

(Z) Diel variatlons in dístríb,r.ltíon were not apparent on 18 and ,,.,1,.,:
r - :1.:':.:l

19 June, 1968 (Fieure 4). 3) Observations along the shore made

on 12 May, 1968 revealed no evidence for diel variation of move-

nent. (A) Population density patterns of both species, v¡ith the

exception of May t2 sa"nples of Hya1ella, showed an decreasing trend

after recruitnent (Figure 5). (l) Population density patterns,

population Iífe history stages, and size classes indicated that

sanples ¡¡ere conslstent fron sa:npling period to sampling period.

This suggested that one population of each species was being

investigated. .,, .,1,,,:
it': _ _ :.'

There was, however, some evÍdence that rnigration could have i,.,.,,-,,,,

t;1,1,¡,,,

occurred. (f) Daring the spring of l-968 alqphipods were observed

activeþ swÍnming at night in the open lake surface. (Z) The

sudden lncrease i-n populatlon denslty in l{ay f¿ samples of Hya1elle 
,,,,:,,,,.,

could not be e>çlained on the basis of reproduction. r::::::':::

Both seasonal and diel rnovements have been reported for

several benthic organisns. For example, hiodsedalek (19]-2) reported

that Heptagenia intg¡'punc9ata (may-f:y nynrph) migrated out of the
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littoral zone in autumn and returned to shore in spring. S1milari1y,

Eggleton (fg¡f) observed seasonal dlfferences in distributfon for

chaoborus, chirogor¡rus, tfuunodrilus, ris;ltium and nenatodes. Moon 
,,,,,;,,:,,...,,.

(fg+O) reported diel vaiiations in dietributions of Gammqus puleI,

Sigara n¡rmphs, and the ¡rÍte Hyßrolates naicuE. Jlnasson (tgS5),

however, questÍoned some reports of seasonal nrigrations and suggested 
,,:.,,,.,,,.,,,i.,,

ühat in some cases the apparent seasonal variations in numbers of ,,,i',,.,,,,
'''.' : ' 

:

a species are artifacts that arise as ühe result of the mesh gauge . ; : :i,,

':; 

1 t't';t::: ':::

enrployed and size of the life hisÈory stage. Mundie (tgfÐ observed

on the basis of several nighüs sampling in Lac La Ronge, Saskatchewan,

that boüh Hyafella azteca and Pontoporeía affin!¡ underwent vertical

diel nigrations. Si¡úlariþ, I4arzolf (1965) observed that a.dults of

Pgntoporoia affinis underwent vertical diel migrations. He suggested

that migrations facilitated genetic continuÍty between othenrise 
l

isolated benthic populations. l

ft seems probable that during spring of 1968 at West Blue

Lake there was a period during which Hyalella underwenü migration. 
,ì, :',,.,.,:

This nigration apparent\y did not occur during sarnpling periods of ' , ., ',.
t.l,tt,t,t."t-t ' I

Lg67 . ::; : :1 '''

Reproduction

:r;.i::.,: :.,1.t..,.:.:

The reproductive cycles of Gamnarus a¡rd Hya1ella were ,, ,'1,,,_ , 
'

different. Ga¡¡marus reproduced in spring and earlì¡ sumner, while

HIalellg reproduced in summer. Samples of Ganmarus collected

12 June, L967, 1? days after the lake was free from i-ce, contained
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Similarily, gravid females were firsL present in samples coll-ected

12 May, 1968, about 14 days after ice had disappeared from t'he Lake

surface (fisure 9). Since precopula was not observed in the March 25

samples, mating and copulation probably would have occurred between

March 25 and May J2,

Reproductive adults of Gammarus were not present in 28 Ju1y,

1967 samples, and hence reproduction had terminated by this date

(nigure ó). Consequently, new recrui-ts of .Gammarus were released

into the population in l.967 between June 12 and July 28 with the

majority of gamrnarids being released by June e6 (Fieure 6).

fn contrast, Hyalella was observed in precopula on 12 June,

1967 and on 18 June, 1968. Gravid femal-es were not present in

samples of EæleLLa untÍl 26 Jvne, t967 Gieure 9). Since

reproductive adults were not present in samples after September 2,

reproductÍon apparently terminated between September 2 and September 28.

În 1967 ner¡¡ recruits were released into the population between J:or:¡e 26

and September 28 (¡'igure 6). However, the majority of young l^rere

released by July 28, one month after Gammarus had released the

majority of its young (n:-eure 6).

Age at which reproductíon first occurred for Gammarus was

estimated as 1l rnonths (figure ó). A similar age was estimated for

the majority of new recruits of Hyalella. Earþ su¡nner recruits

of Hyalella, however, matured the same sunmer (figure ?). New]y

released young were first observed in samples of July 7, and by

August 9 samples contained newþ recruited adults. Hence, age at
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which reproduction first occurred was about one month. The average

mud-water interface temperature during thÍs period was J-.9.L C.

The results concerning the reproduction of Ga.m¡¡arus agree 
.:::,::

with those of Clemens (1950) and Menon (1966), whereas the results of r:::.:"

Hyalella do not agree complet,eþ with what other Ínvestigators have

found. Bovee (rç¡r), in the raboratory, observed that at, 20-22 
, ,.,.,r,,

maturation occurred on the average ín óO days. Cooper (L965) ::':::
't "a

reported that majority of young obtained maturity in their first sunmer 
,,.,.t.,,:,,:,,,

in Sugarloaf Lake. In this lake water t,emperature rises to 20 C

by nÉd-May and varies between 22 C and 27 C until the first of

August. Tn addition, Cooper (f965) observed that at a constant

temperature of 20 C ¡naturation occured in 36 days, wh-ile aL 25 C LL

occurred in 33 days. Mathias (a967) reported that at an average

slunmer and mud-water interface temperature of about 18 C maturation

did not occur until the following summer,

It is apparent that water temperature is important in deter-

rni-ning age of maturation. The average summer water temperature at , ., .

::, '':,,,,;'tthe north end of West Blue lake was intermediate between Sugarloaf , . ,.i ,, .

take (Cooper, 1965) and Marion l,ake (uatfrias , 1967). Probably as a 1"-t'

consequence of this, the tine required to reach maturity was somewhat

inter¡nediate to that reported by Cooper (1965) and Mathias (f967).

Mortality

Fi-gure 12 suggested that reproductive adults and juvenile
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animals of both species are characterized by an e>çonential rate

of decline, therefore the assurnption of the ¡aathematical expression

was satisfied. Reproductive adults and juveni-les of Gammarus had

a hi-gher mortality rate than those of llyqþI1a (ta¡te VIII).

It is interesting ùo note the low mortality rates of

juvenile animal-s of both species. Cooper (A965) reported low

rnortality rates for overwintering juveni.les of IlXelella.

To estímate mortality that oecurred during recruitnent phase

of life history, an estimate of number of young recruits entering

the population should be rnade. The number of estínated young re-

cruits is a function of the age structure of the egg population,

the mortality rates of the adult anirnals, a¡rd developmental rate

of the eggs (Cooper, 1965).

Cooper (L965) used a nathematical model to estinate the

proportion of eggs e>çected to hatch. Thi.s model assumed that rate

of decline of adult animals ü¡as exponential, age distribution of

eggs lras stable, i.e. there was an equal number of young and

mature eBBs¡ all eggs counted were viable, and laboratory incuba-

tion times r,rere equivalent to ffeld conditions.

In thÍs study, crude observations of the age distributíon of

eggs suggested that ít was not stable. In addition, laboratory

temperature-specifÍc incubatlon rates night be significantly

different from field conditions. Consequentþ, the assumptions

of Cooperts nodel eould not be fulfilled,
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ïn Gamn¿rus populations all fenales beeome gravid in a

relativeþ short period of tíme, and after reproductÍon ceased

females were elimínated (figure 9), fn addítion, there Ìras a

relatively short perÍod of overlap between presence of gravid

females in the population and presence of young. Thus, in a

relativeþ short tirne, the sta¡rding crop of eggs was released

to become the sta¡rding crop of juveniles.

ïn Hyalella populations, unlike those of Ga¡urarus, there

was a longer period of overlap between presence of reproductíve

adults in the population and presence of young (Figure 6). How-

ever, the size dÍstríbution of reproductive aduLts (Figure Z) and

age structure of eggs suggested that reproduction nright havo a

s¡mchronization sfmilar to that of Gamnarus, i.e. fernales became

grav:id in a short period of time and.died after releasing their

brood, but instead of essentially one reproductive period there

were three. That ís, large overwintering reproductive adults re-

produced during early summer, snaller overv¡Íntering reproductÍve

adults reproduced duríng mid-sumrner, and snall nonw'intering adults

reproduced in l¿te sutrrner. EstÍ¡nates of young recruits expected to

enter the population were made for each size group of reproductive

adults.

The estimates of nortality on the imaüure ani¡rals are at

the very best rough esti¡rates. Many factors such as, temperature

specífic incubation rates, age structure of eggs observed, duration

of any Ínstar at a.mbient temperatures, and viabllity of eggs counted,
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should be considered in estinating the number of new recruits

erqgected to enter the population. In thís study, however, the

data did not perrrit the investigator to t,ake into account these

factors. Consequentþ the estimates of mortality on the fmmature

aninals are interesting onþ in terns of speculation,

With the above considerations inrmature animals of Hya1ella

appear to have a sllghtly higher rate of mortality than those of

GgryaEug. Sinee j-mmature Hyalef1a are smaller (0.7 - 1.0 nm) than

those of Gamna¿rrg (Z.l - 2.? rsn), there rì¡as a greaüer probability

of I-osing the small-er indivÍduaIs during the sorting process. Hence,

the mortality rate of innature ani¡rals of Hyalella may be over-

estimâted.

Interacüion of Reproduction and Morüality

Cole (195?) pointed out that rrit ls to be erçected that

natural selection will be Ínfluential in shaping life history

patterns to correspond to efficÍent populationsrr. Cofe (f957)

described the following ways a speeies night increase íts intrlnsic

rate of natural inerease: decrease in age when reproduction occurs,

inerease in brood size, increase j-n number of broods, increase in

number of females, and increased survival to the end of reproductive

life.

Using the above survivorship and fecundity

of intrinsic rate of natural increase (r) and net

data, estimates

reproductive

schedulesrates (Ro) were made for both.species. Fecundlty
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(taUte XIII) trere constrrrcted with following columns (Southwood,

1966) z

= pivotal age

: number females alive during given age i"nterval

: number living females born per fenale ín each age

interval

1r¡ç: total number of fenale births Ín each age interval

The assr:nptions Ïrere: (f) Mortaliüy rates of female animals

were equivalent to those observed for both males and fenales.

(e) All eggs observed. were viable. (ù Sex ratj-o was 5o: 50.

Table. Xïïï. Fecundity schedule for Garmarus and HyaþIþ.

(nonths)
l¡m*

x

lx

qK

Inx\<

GaqBaruE

10

0
1

t_l_

1.00
.16
,T6 r.ão

Hyalella (do not mature during their first sumrner)

10

0
)

11

1.00
.13
.13 r.io

Hva1e=1lg (nature during their first summer)

0
1
u

1,00
.02
.02

i.s
10

.07

.20
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The number of times a populatíon will multipþ per genera-

tion is described by the net reproductive rate Ro, which is
(Southwood, 1966)z

Ro : 
)t"9" dx

which was approrinated by:

Ro - t \.qr

The net reproductive rate for Gamqgrus was estimated as 1.60 and ' '
: -::'.:-'.for tlvalelþ as 1.30 and O,27. Values in excess of one impþ an -.,;;:,.,;,::

inereasing population (Southwood, L966).

The growLh rate of a populati-on is (r) in the equation:

Nt - No"tt

The para.neter (r) describes population growbh under conditions of

an unlinrited environnent a¡rd with a stable age distribution ühis

para.nreter becomes a constant (Souühwood, 1966). This has generalþ

been considered to represent the intrj-nsic rate of natural increase,

the næcinnrm value of (r) possible for the specíes urrder the given
| .';: -: .physical and biotic environment is denoted ê.s r¡¡¡ and can be :',,,i,,t1

ex¡pressed as (Southwod, Lg66), ,',,...,',',

/o 
: ::'

) *tË Lfl* dx : 1

The aninals designated as I are the offspríng of the breed-

ing antnals that reprod.uced in the interval (t). At time (t-f) 
Ì,:ì.,.ì
i t _ :'

there were *r* individuals of age 0 and 1, of these have survived

to provlde the l1e-rm individuals of age 1 alive at tinre t. At

ti¡re (t-z) there were "-2"* individuals born and they are represented
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by 9e-2rm i-ndividuals at time t. In general, at time (t-x) there

ws¡s e-rmI Índividuals borrr and at time (t) they are represented

by 1*-"# individuals, The nunber of individuals born to

anÍmals alive at time (t) is J'f*rçu-to+ which equals 1

(slouoanin, LJ66).

The equation above can be approximated to:
L 

-rmI l-ïflx:1

The intinsic rate of increase (ra) for Gammarus was esti-

naüed as 0.52 per year and for individuals of Hyalelþ that did

not reproduce in their first summer as O.29 per year and -0.132

per year for those individuals that did reproduce in their firsü

s.ummer.

ltlhen Ro = l, r : 0; the population will be stationary.

be stationary, if ühere r¡as a 6% íncreaseGa¡nmarus population would

in mortality of juvenile females and Hvalel]-a population r,¡ouId be

statíonary if there was a 3% increase in nortality of JuvenÍ-Ie

females (not Íncluding those individuaÌs that reproduced in their

fÍrst sumner).

The reproduction data and its interaction with mortality

suggested that estimates of intrinsic rates of natural increase

were slightly higher for Gaqgarus than for ÏIyale]_la. If net re-

productive rates for both cohorts of Hya1ella are su¡nmed (1,e.

1.30 + O.27), then the value for Hyqþllg was sinilar to one for

GaÆma^rus.
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Since the mortality estimates on immature animals enter in-
to the calculations of fecundity schedules, the net reproductÍve

rates a'd intrinsic rates of natural increase are interesting from 
, ,,t,.:,,t,:,ì,,

the point of vÍew of spectulation. :: ' r:":

Growbh

-, -t,r. ,'', -'-tt'-,

Growbh rates as reveaLed by Figure 12 were underestimated .":¡r,::':,i:::'::,:"'.-" '::

for immature and pre-reproductive life history stages, sÍnce smaller ,,,,,.,,.,,,,,,,,,,,

sized individuals were being recruited into these life history 
'r'r':'i".::':'

stages. This utas especialþ true for inmature animals of Hyalella

and earþ pre-reproductive adults of Garunarus. SÍmitarily, re-

productive adult growbh curves represent trrre growth rates only

if mortality rates are equal for all adult siøe classes. No

recrr¡-it¡rent of adul-ts occurs to depress the adult growbh curves.

l¡rtith the above consideration, the data suggests that

pre-reproductive adults of Gamnarus grew in winter, whereas pre-

reproductive adults of Hyalella did not. It appears that llyalella 
,,,,.,,,,,,,,i,

requíred Ï¡armer water tertperatures for growbh and subsequent ". . 
',',,

,'j;,t, ,ttj, rt, rt.',ì
maturation. This is important in terms of tíme wtren reproduction '::,: 

:r'.,,:':,::::,'

occurred. The above contentlon Ís supported by the follovring data

concerníng metabol5.s¡n in the two species.

lr:'::.:-' :rj :-':-'

Respiration

Data in Figure 1l suggests that the rate of o:ygen uptake of

Gammarus at lcir,¡ water temperatures ïras greater than that of HyaleAla,
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while aü higher Èenperatures the rate of Hyalella was greater

than Ga¡Lmarus. However, four sources of e:çerimental error should

be considered.

(f) Animals measured at 1 C and 2 C were initialþ e:çosed

to higher water tenperatures (about 5 C) for two to three days,

arrd then aeclimated down to 1 C and 2 C for /0 hours. Sprague

(personal commrnication) pointed out that arnphipods like most

aninrals acclimate upwards quickly but dov¡nwards very slowly. This

nÊght mean thaü test a¡rimals measured at I C and 2 C were actualþ

acclimated to slightþ higher tenperatures,

An experinent was conducted to Ínvestigate the effect of

íntroduced acelination on the rate of orygen uptake of Ga.runrus and

Hyalella. Ihe results indicated no sigai-ficant difference bet¡¡een

an-imals subjected to upwards a¡rd downwards acclimation and those

not subjeeted to any acclimation. (ra¡te X). Since both specíes

were treated si¡nil-ariIy, a comparison could be made. However, the

difference in rates of o4¡gen uptake nright not be a ternperature

response, buü a difference 1n response to acclimation. Difference

in üheÍr rate of o>çt¡gen uptake at 5 C and 7 C, however, suggested a

temperature response,

(Z) Muscular activity of the experi-mental ani¡nals was noü

controlled. Aninal-s placed in test cha¡nbers were initÍalþ very

active, but their activity decreased with tine. All measurements

were made one hour after placing animals in test chanbers. DurÍng

the test period their aetivity was variable.
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(¡) Presence or absence of food in the gastro-intestinal

tract of erçerímental animals was not controlled. Animals were

taken directþ from the sampling area or accli-mation jars and

placed in test chambers.

(¿r) Gamrnarug was larger than l{yglellg. Since small animals

have a higher rate of ol6rgen uptake per graln of body weight than

larger ones, dÍfferenee in their rate of orç¡gen uptake nighü be

attríbuted to a size differenee, 0n the basis of size aIone,

one would erçect the rate of oxygen upüake of Hyalella to be

greater than that of Ga¡r¡raruE. During faL1, winter, and spring, the

data indicated the opposíte, If these data were adjusted for

síze, the differenee between the speeies might be greater. fn

suxuner, the rate of o4¡gen uptake of Hyalg]Ja was apparently greater

tha¡r that of Gqmarus. Sínce ITvqteLLa is smaller than Garnnar,us,

thÍs difference that occurred in summer might be e:çlained on the

basis of size. Consequently, the sunmer data were suspect.

lrllth these considerations, the data suggest that there 1s a

distinct difference in the rate of otqrgen uptake of Ganmarus and

Hya1el1a, Ga¡rnqgrus Ìras apparentþ better adapted to low water temp-

eratures than Mtg!þ.

Niche Diversity

Mayr (fg¿¡) discussed ways in which coexisting speci-es have

either redueed or avoided competitlon, These factors are discussed

here in relation to Hyg1el-La and Ganqarys'
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Habitat preference minimizes competition. The results in-

dicated that Ga¡nraarus showed an apparent habitat preference for

ChÉra in deeper waters and that Hyalel1ar on the other hand, seemed

to prefer Pota¡roseton in shallov¡er water (taUte XII).

Both species display a wide speeturn of hydrophyte preferences

(u.g. Jackson, l9D,; Vriienert, l95O; AIi, Ì960; Cooper, 1965).

Menon (WOÐ observed that both lfvalelJa and Ga$ne{us had sinilar

habitat preferences. Math-ias (W6f) reported that Hyalel1a was

more abundant i-n shallo¡r water than j-n deeper water where CrgrgonÐ(

ïras more nu¡nerous.

Hydrophyte g"oì¡ps were noü independent of particle sj-ze of

substrate (faUte Xl). Consequentþ, substrate may influence the

distribution of Ga¡nr,args and Hyalell-a. In thi-s study an attempt

was made to investigate the relation between substrate and the

distribution of Gawnarqg and Evale$g. The sedi-nents were

categorÍzed crudeþ to particle size as gravel, sand, silt, and

ooze. There Ì¡as a greater number of coarse sedi-ments observed in

Chara group than in Fgta4gqgton group, and a greater number of fíne

sediments i-n PotamoEeton group than in Chara group (raute xf),

Substrate relationships should be investigated further.

Marzolf (1963) reported that the distrlbution of Pontoporeia

affinls in the mouth of Gra¡rd Traverse Bay in Lake Michigan was not

correlated ¡J:ith depth, particle size, or organic matter, but with

nr:mber of bacteria in sdi¡nents. Croker (196?) showed in the

laboratory that the intertidal amphipods, Ne.ohgustorius ghntllgi and
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Haustorius sp., preferred cleaner substrate over a silty one and

correlated this substrate preference wlth their distrlbution in

the field.

Figure 3 suggested that Gammarus lives ín deeper waters

whereas Hya1ella lives in shallower waters. In addition, Bousfield

(fç¡g) reported that Hyalella is restricted in distribution to

bodies of water that reach a monthly nean suntner temperaüure of

10 C, while Gammarus is found in bodies of water that are cool to

cold in sunmer.

The respiration e>rperÍments suggested that Garunarus was

better adapted to low water ten,peratures than Hyalel1a (figure 13).

Data shown ín Figure 12 supported this suggestion. Gammarus grew

in w'inter, whereas Hyg_lel-la did not.

Depth distríbutions, hydrophyte cover, substrate, temperature,

and o:qygen were al-I intercorrelated factors. For example, depüh

distributíon probably reflects temperature and o:grgen concentration

tolerances and preferences. The fact that a greater number of

Gq¡n¡nafgs was observed in Chara beds in deeper waters does not

necessarily rnean that @ and depth are the important factors in

the distribution of Ga¡mrarus, since these factors nay be correlated

wÍth other factors that were not íncluded in this investigation.

For exa.nple, inrporta¡rt factors might be epiphytic growbhs on Chara

or number of bacteria in substrate whi-ch is in turn correlated with

depth and hydrophyte present.
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The data suggested that,GAEnqrus. lives in deeper waters with

Chara sp and lower water temperatures whereas, Hya1el1a U-ves in

shallower waters with Polanogeton and higher water temperatures.

This niche difference night aneliorate conpetitíon between Gamrnarus

and llyalella.

The nost obvious dissirrilarity between the two speci-es Ì¡as

theír dlfference in size (taUfe V). Size differences may be

accompanied by differences in the t¡1pe of food utilized by the two

speci-es which would therefore reduee competition. According to

Hutchinson (fç¡f) niche diversÍfication might be on the basis of a

size difference. There are exarnples in the literature ühat supports

his hypothesj-s. For example, calanoids, Di-atomus laticeps Sars and

D. graciliq Sars, coexisted 1n the planküon of Lake lrlinder¡nere.

They were distinguished by a size difference whÍch was correlated

v¡ith differences in food taken; D. laticeps the larger species,

feeding chiefly on &losira and !. gracilis on mi-nute algal particles

(Fryer, J95ù. Dífferences were found in feeding habitats of two

coexÍsting species of loreg.onus. (Nilsson, 195S). The smaller species

vrith numerous gÍ-lJrakers (t. pele¿) fe¿ mainþ on Entonostracans

(mostly Bosmina), while !. pidschian fed on larger invertebrates such

as Mol1usca, Trichoptera, and Chironomidae. ft was, however, also

shown that there was no simple relationship, as t'he food eaten varied

annually and seasonally and there were large devlaüions w'ithÍn the

species (Nilsson, 1958). Croker (1967), ín the laboratory, showed

that larger intertidal a.urphipods, Haustorius sp, i.ngested larger
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sized particles than the smaller Neqhe¡Lqtoliuq schnitzi.

Hutchinson (tgSç) collected together a nurnber of skull

measurements in mammals and culmen ì-engttsin birds. He showed that

where species co-oecurred the ratio of their skull size of culmen

length ranged from 1: 1.2 to 1: 1.4 !,rith a lnea¡ ratio of about

1: L.3. He suggesüed that this latter figure may tentativeþ be

used as a¡r indication of ùhe kind of difference neeessary to permit

two species to co-occur in different niches but at the sarne trophic

leveI. In this study measurements were not ¡nade of mouth parts or

head regions. Ratios for nean body lengths of the three life hlstory

stages of @ and Hyalella ranged from 1: 2.1 to Iz 2.5, and

averaged I: 2.3 for the year (Table V). These ratios might be an

indlcation of the kinds of size differences permitting the coexÍst-

ence of Êamnarus and Hyalella at the sa.ne trophic level. Further

work is required to study the si-ze of particles ingested by the

various life history stages.

Maintenanee of size differences and ratios was supported by

the staggering of reprod.uctive peaks. For birds or ma¡n¡na1s, r+here

the growbh period is short conpared with life spârìr Hutchinson (fç¡g)

postulated ühat niche separation may be possible simply through genetic

size differenees, while in insects with relative\r longer growbh

periods, a seasonal difference in reproduction might be Ímportant,

For the maintenance of size ratios, the larger species must never

breed later than the smaller one (Hutchinson, 1959). Fígure ó

supported this hypothesis, i.e. Gammarus reproduced earlier than
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flyalerlla. fn addition, competition is probabþ reduced through the

temporal ísolation of potentially corçeting life history stages by

staggerÍng of the reproduetive periods' 
,,,,,,,,,,,i ,,

There are probabþ other dissimil-arities not investigated in '' '' :' :

this study that might linit competition. Differences in behavioural

mechanisms such as rnigration activity, swimming abiliüy, and physical 
.1 :..¡:;¡,

and chenical responses night exist. Experiments should be conducted ,,,,,,.,1,,,
: 

_ ;' ':;;::i. ':

on these mechanisms 
,, ,,,,,,

Importance and operation of differences is probabþ related :':: :-:''

to environmental factors and population densities. There was some

evidence for this. Menon (L966) workÍng in Big Island Lake reported

that Gammarus was relativeþ more abundant than Hyalel-la. At the

north end of tr{est Blue Lake, Ga¡nmarus was less numerous than Hyalella.

Big fsland Lake, in terms of physical, chemical, and biological

factors r¡¡as very different fron hiest Blue Lake. Big Island Lake

was shallow (maximum depth 2.5 n) eutrophic, ffid hydrogen sulphide

gas present i-n winter, and did not have a fish population. :. .:

,t,t,:,'.r':,^t

fn Ïüest Blue Lake, a.nphlpods were an lnportant it,em for , . ,

",,t 
,t-t,,,':'

lüalì-eye (Ctenn and 'hlard, 196S). Fish predation ruight be aetiveþ r:':.::i:::::

selecting for the larger Ga¡rnarus over $;Eaþfþ. Cooper (1965)

reported that Yellow perch (Perca flavescens) actively sel-ected for

larger sized Hyalella over smaller ones. ïn addition, the deeper . ',

water preference of Gammarus naight influence fish predation. Fish

predation in lfest Blue T,ake nay influence relative nunrbers of

Gammarus and Hyale1la.
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In terms of numbers, Hyalella l.¡as more abundant than

Gammarus. However, the body size of Ga¡nmarus was much larger than

that of Hyalella (¡'igure 8). Crude biomass estimates were calcu-

lated on the basis of mean weights of averaged sízed indivíduals

in each life history stage (faUfe fV). Garnmarus had a mean biomass

of 2.V s/# while Hyale1la had 1,56 e/#.
Differences between.(]a¡nl¡rarus. and Hyale]-la probably have varXr-

i-ng degrees of importance in reduclng or avoiding competition.

CompetÍtion is probably reduced by the staggering of the reproducüive

periods through the temporal- isolatíon of potentially cornpeting

Jlfe stages. SÍze differences between the t¡¡o species may be cor-

rel-ated ¡¡iith differences in the type of food utilized. Henee, niche

diversification rnay be on the basis of a size difference. Niche

dj-versification nay be on the basis of habitat divergence sÍnce

differences in depth distribution, h¡rdrophyte, substrate, md

terperature preferences, &d orygen requirements may aid in naintaín-

ing Ga¡nnarus and Hyalella spatfalþ isolated.

Mechanfsns, such as capacit'y for utilizing alternative re-

sources, habitat differences, behavioural, and structural special-

lzations, are probabþ operating that tend to direct Ga.nm4¡ue and

Hya1ella fnto different ways of life.

Garmnarus and l!æfglla may not have the same funda¡nental niche

requÍrements. Dlfferenees in these requirements may allow these two

coexisting species to l-ive in the north end of trtlest Blue Lake wlthout

entering into severe competÍtion for those resources of the envj-rorunent

essentlal for their existence.
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SUMMART AND CONCTUSIONS

Differences in fundamental niche characteristics of

Gam¡narus lacustris lacustris Sars and Hyalella azteca (Saussure)

were studied in the Littoral zone at the north end of lnlest Blue

Lake, Ma¡litoba. The approach was to sample the arnphlpod population

quantitativeþ at regular intervals comparing dlfferences in re-

lative abundance, reproduction, mortality, growLh, and habitat

preferences.

Fro¡n June 1967 Lo June 19ó8, 101538 anrphÍpods were sampled.

Ga¡marus formed 33% of the total samples, rnrhile Hyalella made up

67%. Hyale1la was consistentþ more abundant than Gammarus except

for the June samples. However, throughout the year Gar¿marus had

an estimated ¡nean biomass of 2.17 g/r&, while Hyglg4g had 1.56

E/,# -

For both species the sanples were divided into immature,

pre-reproductive, reprod.uctíve, and post-reproduetive individuals,

and into size classes based on total body length. Ratios of mean

body lengths of Hyalella to @gq for all Life history stages

averaged L: 2.3 for the year.

Gammarus reproduced in spríng and earþ summer, whereas

Hyalella reproduced throughout the entire su¡nmer. Gannarus re-

leased its young a month before Hya1ella. Eight percent of the

total gravid Hy-ale1la reached maturity wÍthin the same summer.

The majority of new recruits of Hyalella obtained maturity the
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folloruing sunmer. All new recruits of Gamnarus overwintered before

naturíng. The mea¡r length and brood size of gravid tlye,_lg]-Lê and

Ga.nmarus were 6.2 mm, 11.1 nm, and 19.1 eggE 20.4 egærespectively.

Estimates of instantaneous rnort,ality rates were made for

immaüure and juvenile animals, and for reproductive adults. For

both species, rnortality rates were higher for imnaature arrimals

than for juvenile individuals and reproductive adults. Both

juvenile inrlividuals and reproductive adults of Gammarus had a

greater mortality rate than those of Hyale11a, but immature

Hyalella had a greater rate than those of Gammarus.

Changes in mean body length were follov¡ed for immature,

pre-reproductive, and reproductive indivÍduals of Gamraarus and

Hya1ella. Ga¡nmarus grew in winter whereas Hyale]_la did not.

Using a Scholander respirometer, the rate of oxygen up-

take of Gamnelus and Hyalella Ìrere conpared at seasonal habitat

tern¡peratures. At low water temperatures, the rate of orygen

uptake ¡ras apparently greater for Gammarus than Hyalella.

Flabitat preference was investigated by comparing relative

abundance vrith different conditions of macrophyüe species, and

depth. Gammarus showed an apparent preference for Chara and

deeper waters, while tlya1ella apparently preferred Potamogeton

and shallower waters.

Gamnarus and l{ya1e]_la probabþ do not have the same

fundamental niche requirements. Habitat dÍvergence suggested by

dÍfferences in depth distribution, hydroph¡rbe, substrate and

.:i- I -
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üemperature preferences, and o:çygen requirements may a1low Ga¡nmarus

and Hyal_e,l1g to coexist in the study area without enüering into

severe competltion for those resources of the environment essentj-aI

for their existence. Differences in body size between Gam¡narus and

,Hyale11a may indÍcate a niche diversification based on size.

Consequentþ, eompetition between Gammarus and Hya1q,L1a is probably

arneliorated.
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APPENDÏX A

ïnstantaneous Mortality Rates

( :. ,.,
Table A-I. Santple }lnear regression analysis of natural logarithms of

numbers per square metre of Juvenile and reproductÍve
and Hyalel1a. The Ínstantaneous mortality raüe

TilGtope ãffiãtn Nr : ln No-it

GAMMARUS REPR,ODUCTTIES

Samplíng Numbers ln N Predicted
date /nZ /m2 tn N/nr2 h No -i

June 72 79 Lþ .37 t+ .7I j . jz o .067 6
26 62 4.r3 3.77July 7 2L 2.92 3.a217 19 2.9o 2.3t+
28 3 r.72 1.60

TÌYAT,ELLA REPRODUCTT]¡ES

sanrpring Numbers ln N Predicted
date - /r"z /Í& Jn N/nP h No -i

July 7 ]]63 5 .O9 5.22 6.57 0.Ot+t+6
L7 114 h.74 t+.77
28 108 t+.68 4.28Aus. 9 36 3.58 3.79
21 25 3.22 3.26
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Tab1e A-f. (continued)

GAMMABUS JUTENIIES

Sampling
date

Numbers
/rnz

l¡N
lrz

Predicted
In N/a? ln No

July
Aug.

Sept.

Oet.
Nov.
Dec,
Jan.
Feb.
Mar.

4.96
b.72
4.43
4.39
4.28
4.23
4.09
4.06
3.7r
3.58
3.b7

l+.72
t+.66
4.60
4.53
LÞ.lro

4.25
l+.10
3.93
3.76
3.62
3.1+7

].39
111

83
80
70
68
60
58
41
36
32

28
9

2I
2

28
26
25
27
¿t
23
25

5.O2 0.OO52

HYALETJ,A JU]IENTLES

Sampling
date

Numbers
/rr,2

Predicted
h N/ma ln No

lnN
/n?

Sept.

Oct.
Nov.
Dec.
Jan.
Feb.
Mar.
May

5.2r
5.22
5.08
5.o5
5.00
t+.75
t+.68
h.62
5.10

5.77
5.r3
5.o9
5.o4
5.32
l+.94
4.89
4.81+
4.77

r''li: :'

18&
185
160
]-56
148
It6
108
101
168

2
28
26
25
27
27
23
25
T2

5.32 0.0015
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Table A-II. Esti¡nations of the number of inmaüure animal-s lost
during recruitment.

Ga¡r¡narus Hyalella

No. of eggs observed at
beginning of recruitment.

No. of eggs lost due to
female mortality,

No. of new recruits expected. s77/# 2120/#

No. of neür recruiùs (al-l instars) Vg/# r75/r#
observed.

No, of recrui.ts lost.

Instantaneous mortality rgte
(per rnonth) (mt : No"-al)

94o/n?

$/r#

n8/#
I.20

22L6/#

96/n?

D45/#

L.3T

i.- î
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APPENDIX B

Will.ians and La:nbert (fç¡9). Assoeiation Analysis.

Tab1e B-I. Values of T- ('P'un"orrected.) for assocÍation between pairs
of hydroph¡rbe species. Significant values based on
comected, are indicated by (*) and impþ that someùhing
other than random variation is causing the pa-ir of specíes
to occur in quadrats if the sign is negative and noü to
occur if the sÍgn is positive.

ALL I.IYDROPI{TTES PRESENT

N:U5

Chara 3. pectinatus P. ri-chardsoni Ranunculus

Chara

!. pectinatus O.2282x'

P. ri-gh_ardsoni O.I93?t -O.O77g

Rarrgnqulus -0.0195 -0.06¿+4

Total O.l+4lZ O.37Ou

Q.2282èç O.r935x -0.0195

-0.0778 -0.0644

-o.0763

o.0763

o.3h76 0.1602

CHARA PNESENT--î-: j6

!. pecüinatus P, richardsoni Rar¡unculus

T.

P.

pectinatus

richardsoni

Ranunculus

o.o357 -0.1786

0.ou8

0.0178

o.o535 0.r96Ll

o.0357

-0.1786

0.2u3Total
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Table B-I. (continued)

CHARA ABSENT--1--: 
Sg

!. pectinatus P. richardsoni Ranunculus

!. pectinatus -0.010ó -0.1751

P. rícha.rdsoni -0.0106 -0.289t
Barrunculus -O.I75I -0.281îE

Total o.1857 0.2925 O.t+57o

CHARA ABSENT AND RANUNCUTUS PNESEI\TT

N:L6

!. pectínatus P. richardsonj-

P, pectinatus

P. richardsoni

o.0962

o.0962

CHABA AND RANUNCUIUS ABSE}ÍT
N:73

P. pectinatus ?. richardsoni

I. pectinatus

P. richardsoni

-0.0528

-0.0528
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APPENDIX C

Analysis of VarÍance Data

Table C-I. Anaþsis of variance values for the mean number of Gammarus

and Hyg1e1la ar¡d nean depth per O.25 m in each of the
three homogeneous hydrophyte groups. Count data was trans-
forned to In(x + 1). SignificanL FZr.,+ZrO5 3.06

MEAN NUMBER GAMMARUS

Source of
variation df. ÐÐ. ms.

Between

lvithin

Total

2

7hz

]d¡,Lt

rh3.44

r87.60

33L.ob

7r.72

L.32

5l+.2?t

MEAN NUMBER HTAIEIJ,,A

Source of
variation df. ss. lns.

Between

tlJithin

Total

2

u2

]d.],l+

)J.53

1]J+.07

125.60

5.76

0.80

7.1-&tÊ

MEAN DEPTH

ce of
variation df. ss. ms.

Between

hiithin

Total

2

\J+Z

144

9l+,o32.65

932,775.7h

LrO26,8O7 .79

I+7 rOL6.33

6,568.8b

7.r6v''


