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CAaPTLR I

The substrates in aquatic ecosystems have been shown direc

Influence the mdcrolictributionul pattern cf benthic invertebrates

s . , , .
(Camrins, 19%4). vhereas currer.ts, temperatures, or concentratiors of
cherciez2ls may limit the gereral ranges of habitat tolerance (macro-

4

strates cr food supply probubly cause

Y
j-te
L)

ot
2]

e
o

utiont), it appears that su

)

primary ciifferences in thz dicstribution of a species within a commnity
(microedistritution) (See Ficure 1). Microdistributlonal stulies have

A\

ignificantly sharpened the ecolozist?s approach to the study of indi-

L’\

vidual orraniems as well a2z cormunities of organiems (Odum, 1959). Tha
dzta are valusble in c=lculzting cocrzy flow threugsh various pepulations

an zstablished relationship betwesn cubstrate-type and micerodistribution
patiarn can be of eriticzl imrortance in estaclizning index species in
water quality studies (Cummins and Lauff, 194C),
The majority of research conducted on orgaaisu~subsirate relation-

ships has baen on marine organisms, and few similar types of studies have
been corducted using freshiater organismi. UFNost of the freshwater work,
in turn, has involved aquatic insects. Frinkhurst (1947) related chemdcal
arnd textural characteristics of bottom sediments to invertetrate distri-

butions in Lake Huron. Milne (1953) discovered a relationship between

1
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CURREST VaLCCITY v . o . ] OTHER FHYSICAL-CHEIMICAL

PARRMETERS (E.G., HpS5, TZMP,)

ey Influonce of envirenment on a benthic species which results in recognition
of microhabitat

- ¢« =y Inleractions betwesn components of the environment to which a given benthic
species intoracts

— = ~3Influence of a given benthic species cn the microhabitat

Fioure 1, == Generzl relatlonshlps betueen envirenmantal varameters and the microdistribution
o7 a snecies of bianthic macroinverietrate, Longths of lines are proportional to importance

ra
of euch parameher (sodified alter Cummins and Lauff, 1969),
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the ruture of the sedlioonbts orn whiich caddicfliecs were found in Sackatcnown
lakes and thelr case buillding roguiraments.  laerous other pipers have
correlated the distrivution of aquatic 3ngszets with the ocecurrence of

(Linduska, 19.2;
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Pernak ard VanGerpen, 1947; Comnins, 16545 etc.). Few papers have cone

*

cidered arphincd-subcirate rolationshnips. The iavestigztion of Marzolfl

{

3

s « - - - +
(1555) on ihe deepwater ampnipod Pontepeoreiz is importani, because it

cerrelates field and laboratory studies ard includes sediment analysis
with special emphasis 01 the role of bacteria within the benthos. The
Postzmoreis were able to discriminate between various particle sizes of

bothem substrates. Hargrave (197Ca) demonstrated the ability of Hyzlells

antscz to select swdiments containing viable microflora in latoratory

substrate~choice experiments. When the concentration of diatoms in sedi-
merne was altered, Hyaleila chosz substrates with tne highnest concentrations
of the alga=z.

The studies ol Marzolt (1945) and Hargrave (1970z) stress the role of
subsurface gediment as an influence on micredistribution, because the frecn-

water amphipods, particularly dyaleila azteca, are negatively photactic,

rarcly planktconic, and usually innzbit benthic sediment (Phipps, 1915; Pernnak,

1953).  Iyalells is widely distributed throughout the lakes, streams and

ponds of North America, where 1t is often a dominanﬁ orgacism (Smith, 1952;
Cooper, 1945; Yargrave, 12702). In western Montana its distribution is
usually conceirtrated in the benthic zone of permanent pords and sloughs.

A unique habitat for Hyalella, however, occurs at Shandy Slough, the arez
chosen for the present study. The slough is a warmspring located about

k4

two miles cast of Bearmouth, Montana. The slough is approsimately two

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



acres it oextent ard ceintics inco the Clark Fork of the Colwunbiz Fiver.

1 1

ne water temoerature at the

3
£y

.
sprin

outlet fluctuates only slightly from

¢

17. 5 C and provides a nearly congtant cnvironment in this temporate cli-
mate, since testing in subazero weather shiowed that temperzture varied no
more than two desrses (Waisel, 1961). Fecause some arsas of the slough,
furtner Irom the source, vary considerably in tomperature during the
coldest weathesr, the study was conducted in the area near the spring
outlets. As described by Weisel and Newall (1970), the slough has a
relatively high calcium hardness of 215 ppm and a total alkalinity of

190 ppm. The pd is €.2, carbon dioxide concentration is 30 ppm and t
dissolved oxygzen concentration is 5 ppm. Sulfur compounds, however, pro-
vide thie most severe physicochendeal limiting factor in the pond. Althouzh
the sulfate concertration is only 140 ppm, the nigh concentration of hydfc»
gen sulfide in the soft silt bottom makes the bentnic zone oo noydcus for
macroinvertebrates witn the exception of a few chironcmid larvae.

With the bottom of the slough eliminated as a habitat for Hyalella,
the amphipods must form associations with cther substrates. Associations
between higher plants and amphipods have been reported by other investi-
gators. Keiner and Ollier (1970) noted an association between Gamgarus

foszarivn and Chara fragilis in the Gapeau River, france. The distribu-

tion of dyalella aztsca showed an association with aquatic plants such as

Chara, Elndea and Myrioohyllum in Sugarloaf Lake, lichigan (Cooper, 1965).

The disuribution of Hdyalells over three gpecies of aquatic plants was also
noted by Rosine (1955). He found that considerable variation existed in
the extent to which the animals were found on equal areas of plants. Chara

delicatula was found to harbor from 1.5 to 5 times as many ampnipods as

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



5
th> other plants, which factor he considers to indicates a substrate oreforcrce

Ar extension of such studies, stressing tane imvortanc:z of cover in

. .

deterzining the microdistribution of Hyalolln, seens warranted at Shandy

a
Sleugn.  Sirnce the benthic porticn of the slough is rot inhabitsd by the

ampnipods, relationships with different plant species are the orly substrate-

3

cnoice er Iralellae. In my study, the nigher plant speciss are considerad

orly as substrates and not as actual food Ior Hraleslla. Although early

tudies (zmbody, 1912; Pennak, 1953) considered Hyalzlla to be an omnivore,

iJ}
0]

more recent irvestigations (Kaushik and Hmes, 1953; Hargrave, 1970a)
strongly suggest thzt the diet of the species consists of periphytorn,
g5 of higher organisms. My own studies agree with the

<o + o

rather Lhan tis

w

o~ ~

latter investigatiors. In my laboratory cbservations of Ieeding,
Hyalglls 22ft ths roots of Lemna and stalks of Chara untoucned while
grazirg the periphyton,

The purposz of the present study is to investigate now amphipod-

19

substrate relationships are pertinent to the distribution of .yalella at

Snandy Slouzi

o

iy and more specificallys
1. to undertake preliminary investigations of the community compo-

sition of the sloush, with emphasis cn the macroinvertebrate populations

and proktable predators of Hyalella azteca

2. to atterpt to determine whether Lhere be demonstrable associations
betweser. Hyalella and specific plant species (substrates)

3. to investigate how othsr animal populations, particularly the

predators, might influerce the selection of any substratz by dyalella.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPT=R I

MZTHODS AND H“ATZRIALS

FI.LD SAIPLING

Field data were collected at Shandy Slough from October, 1970
through June, 19713 although the majority of the sampling was from
March through June. The data were collected not only to determine

if specific associations existed between Hyalella azteca and the higher

plants, but also to survey the slough comuunity. For the community

composition investigations, ectphasis was placed on the ecological

dominarts, those species at each trophic level which largely control

the energy flow ty virtue of their numbers, size or activities (Odum,

1959). Concentrating or these dominants provides a significant amournt

of information about communities, as well as specific populations.

Trophic levels refer to positions in the links of food chains. Within the

sequences of a food chain, animals that produce or convert the same

food cenergy are considzsred to be in the same trophic level. Humbers

ol 1links in such chains are variable bul three to five tropnic levels are

common {Whittaker, 1970). In my study reference is made to four levels.
The samples were collected using a small hand sieve with an outside

diameter of 25 cm and mesh openings of 0.5 mm. With such a small sample,

the macroinvertebrates were measured only in terms of relative abundance,

6
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7
rather than trus density. For reswsons that will be stated later, only

two species of plants, Lompra miror (duckweed) ard Chara vulesaris, a

-

large green alga with a 1ife form resesbling that of higher plants,
vere collected. Care was taken to collect random samples of both sub-

strates on three diiferent dates. This ensured that the test possible

(99

valuss witiidh the study area were baing measweed. Samples were taken

every four hours on each date; and on April 10, the substrates were

mpled every four hours for a twenty-four hour pericod. The samples
were 2ll collectea from near the surface of the water by placing the

sieve under tne plant, raisirg ths resuliing sample above the water

level, and rewoving all plant mzaterizl ocutsid

L5

of the sieve by pounding

(el

gze with a small piece of wood. The samples, consisting

]

around the =

{ X

of the plant and associated macroinvertebrates, were emptied into plas-

tic containerz and returned to the laboratory at the University of Montana.

The invertzsbratss were sepzarated Ifrom the plants, identilied, placed in

(48]

'R

size classes and snumerated. The biomass of substrate and animal species
in each sartple was recorded as dry waight after placing the samples in a
drying oven for twelve hours at 60°C and weighing them to the nearest 0.1 mg

on a Mettler single pan balance.
LABORATORY SUESTRATE SeELnCTION

As a follow-up to the field study gf sutstrate~-cholice, Hvalella
aztceca was allowed in the laboratory to select the cowmmon substrates
collected from the slough. For the determinations, a 60 X 40 X 10 ¢cm
eramncleld pan was sealed off into four equal suctions by glass partitions,

Each of the four sections could be furthur divided into quarter-sections

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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E..l

Ly rozovable plexiclazs ntese Four swustrate—choice exporinents

i

r

could thus be cornducted simultaneously; and in each of the four sections,

cormbinations of cubstratzs could be tested.

4

four different suabsirates c
The bottoms of each guarter-scction were covered with autoclaved
scdiment, excepl for one quarter-section in each cection which was covered

with untreated cediment. [he uritreated sediment had been asrated for
tverty-four hours to remove most of the hydrogen sulfide. Hyalella could
therefore choose a subsurface sedimaent with organic raterial in the same
proportions as it is found at Shandy Slough, without the noxicus gas being
present.  All scdimeants were uniformly 2 c¢m in depth. Eacih section vas
then filled vwith water irom the slough to a depth of 8 cm by slowly adding
the watsr frem one end so that the sediment was undisturbed. In each sec-

of Lemnn and Chara were added in sufriicient quantity

tion fresh samp

(1)

to each fill a quarter-scection. The remaining quarier-sections con-
taining only autoclaved sediment served as controls. The pan was placed

On
in 2n environmcontal chamber at 14 C in constart darkness, and thirty-

-

two adult Hy2lco1la ware evenly distributed along the surface of each

section. After twerty-Iour hours the plexiglass plates were added and

the number of anphipods within a quarier-section were enumerated.
PRIDATION

Predation or cther population and community relationships often
affect the occurrence and survival of organiasms in rature as much as do
the direct action of chemical or physical factors. Samples of adult

fizh were collected. Individuisls were seined from three different

crouns, 11l near the spring outletz. Stomach contents were examined,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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the prey identilicd and placed

and
predaters such as Jdancellly naiads

Shandy Slouzh wiere anrphipods were

to obseorva and svaluate becausz of

slough, dense Chaira and Lonna matse.

amphipod population.

Various densitlies of amphipods were placed

9

n size classess Othier potontial

[

were iound in all substrates at
aburdant. Predation was difficult
the ratures of the substrates at the

Therefore, laboratory experiments

atiempt to measurce the influence o1l the odorates on the

e

n

containers with individwsl raiads that had been starved for twanty-four

howrse.

2apitia sp., another invertebrate Irom the slougih and potential

rey for the Odeonata, was also tested.
 J

G

GROWId RATES

Laboratory erveriments were cenducted to determine the effect of

diet on the growth of dyalellsa.

By comparing growth rate differences,

irnferences can bte made as to whether substrate selection is dependent

upon avundance,
slough.

cultures, using Coara and Lumna,

Plants with attached periphyton were brought from the
After removing all macroinvertebrates and larvae, duplicate

were each established in 2000 ml erlen-—

meyer flasks, filled with 1000 ml of zutoclaved water from thne slough.

Composite cultures,

wsre 21so mainteined in duplicate.

containing both plant spscies and aerated sediment,

Atler determining avzrage dry weight

values for carly instar amphipods of approximately 2.5 mm total length,

twenty Hyalella in this size class

were added to each culturce. The flasks

were then covered, aerated and held at 20°¢C (:QO) on a twelve hour

light~dark cycle. A large General

was used for illumination.

Reproduced with permission of the copyright owner.
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10
every thrce to five days. amounts of subsiriate woere measured as damp=-dry
w2ight, which is a standardizcd measure establisned by pressing the
amples between Whatman do. 1 filter paper under a pstri dish for one
minute tefore wzighing (Hargravs, 1970b). After a predetermined time
period, amphipods from all cultures were removad, oven dried and weighed.
Growth rates were calculated by comparing amphipod mean dry waight at
the beginrin; and erd of the time period.
Chzra and Le=mna were both analyzed for organic content, using the
technique of Conover (1966). The plants wers heated for twslve hours
at 45°C to obtain dry weights and then ashed in a muffle furnace at 45000
for one hecur. Ash-free dry weights were determined by subtracting the
amount of ash from the dry weight. Percentage of organic content Icor
each substrate was derived by.dividing the ash-frze wsizht by the dry
weight ard rmultiplying by 100.
Several assimilation experiments using both substrates were conducted to
establisi that the diet of Hyalella consists of periphyton rather than the
tissues of Lemna and Chara. For each experiment, fifteen adult Hyz2lella were

placed in cultures containing fresh Lemrna or Chara and 300 ml of autoclaved

water. After twelve hours, fecal pellets from both cultures were collected
and also analyzed for psrcentage of organic content.

Hyalella assimilates most organic matter (except blue-green algae) with
searly the same efficiency (dargrave, 1970b). If fecal pellets from both
the Lemna and Caara cultures contain nearly the same percentage of organic
matter, the Hyalella must be ingesting foods in both cultures that are very
similar in percentage of organic cortent. The percentage organic content of

many spacles of algae is similar (Parsons, Stephens and Strickland, 1961).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



11

I-ova and Chara, aowsver, differ significantly in percentage of orgaric

contert because of large arounts of caleium in the tissuzs of Chara., Con-

sistant values in the peorcentage orzanic content of fecal pellets from both

cultures weuld thercfore suggest that iyalslla ingests periphiyton rather

than the tissues ¢f tho subkstrates.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPT&EX IIT
RESULTS
CO:2MILITY COMPOS ITIOX

Preliminary sampling in the late fall and early winter of 1970-71
indicatad that the animal community at Shandy Slough contained few
species. Observations and sampling in the spring and early summer montha
coitfirmed that the number of species at the slough during this time of
year 1s also lowsr Lhan in similar cold water comminities. Constant
temperatures in aquatic communities often minimizes the nurber of species
within a community (Cdwn, 1959). The temperature at ihe spring outlets
fluctuated little from 17.5°C. Howsver, most of the macroinvertebrates
were concentrated near the vater surface, where they may be nearly a
meter above or several meters away from a spring outlzst. Also the sur-
face temperatures may vary ccnsiderably with extremes in air temperature.
Therefore, tenperatures were taken one centimeter below the surface over
a twenty-four hour period during subfreezing weather. The results, illus—
tratzd in Figurs 2, show tnat although the air temperature dropped con~
siderably durirg the night, the surface temperature changsd very slightly.
Average temperatures and the average depth above which measurements were
taken are also shown. All points on the graph ars means of at least three
values.

12

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



‘uoissiwiad noyum pangiyold uononpoidal Jeyund “Jaumo WBLAdoo ays Jo uoissiuad yum pasnpolday

+20 4
+10 -
air . 50
Tempsrature i Depth
(c®) - i (cm)
0 S i
-
- / ‘,25
h
\\
\J
-10 , ,
1500 2000 2400 OLCO 0200 12390
Time

Figure 2, -- Water and air temperatures at Shandy Slough on #pril 10 and
11, 1971, Lines illustrate temperature variations, and bars depict average
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Several macroinvertebrate tama, cormon in most aquatic cernruni-

ties in

-t

J<

47}

tern lontana, were rnot found at Shandy 3lougn. The most

obvious missing populations are thoss of the mphsmeroptera and Flecoptera
larvae. The exciusion of these populations is to be expected, however,
because these orzanisms arce for the most part benthic and usually inhabit
lotic areas. Aquatic Coleoptera are also rarsly present. Larvae and

adults from tne Jytiscidae and Gyrinidae families are very abundant in other
por:ds and sloughs of tnis region even in summer months when water temperaturzs
may be equal or above those characteristic of Shandy Slough. The only becetles
inhabiting the slough in significant numbers are small semi-aquatic species.

4 predatory hemipteran, Avbrysus mormon (Maucoridae), was rarely collected

at Shancdy Slousgnh, although the species is quite common at Nimrod Warmsprings,
which is only a few miles west of tne slough. Several populations, which are
her, were also missing during the months when most

preser.t during warm weatih

of the present study was conducted. Copepods and Daphnia sp. were present

in the plankton and algal patches only after late April. The nektonic
hemipteran families, otonectidae, Corixidae and Gerridae, began appearing
in samples at the same time, when subireezing air temperatures were less
cormon. The only macroinvertebrates known to be present in appreciable

"npumbers and collected the year-round were Hyalella azteca, damselfly larvae

and snails. The snails were distributed evenly acroés all plants at the
slough and were considered unimportant in influencing substrate seclection
by Hyalella. Eecause of this, I designatcd the Hzalclla‘and damselfly popu-
lations as the ecological dominants of the herbivore and primary carnivore

trophic levels, respectively, during my study. They were so assigned, not

only because of their large standing crop during my study period, but also
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bacauc: of their influcrce on the transfur of encregy throurh the aguatic
cormunity throughout tae yzar. Hyalella specimens brooding efcs were
cellected as late as Yovember ard zagain in'February samples, suggesting
that juveniles are being added to ths population throughoul most of the
year. Such a prolonged growing season is unusual, bescauss Hyalella nor-
rally carries broodz only frem spring until late a1l (Cocper, 1965). The
life cycle of the dams=17lies was also modified, with early instar animals
being collected in Fsbruary samples and adults appearing in the spring at
an earliesr date than wis noted in cold water commuanities near the sleugh.

laizds of the otrer suborder of Odonata, anisoptera (dragonflies)

were also collected, but in numbers far less than the damselflic Over

U)
.

a thousand damsclflies were collected, but only thirteen of the Anisoptera

were ever collecied; and these were all taken with the Chara samples.

Arother amphipod species, Gammarus lacustrus, was also collected, but
specimens were talen in only seven of forty-one samples and never in num-

bers comparable to thosec of Hyalel Bzacause of this, I did not consider

[

armaras o be an influence on the substrate relationsnips of iyalella.

rd

es of fish irhabit the slough. Sguawfish (Piychochellus

e

Several spec

Py

oresonensis), suckers, (Catostomus catostomus), and brown trout (Salmo

trutta) arc concentrated in areas near the slough's entrance into the
Clark Fork River. The only species that inhabits the area near the spring

outlets in any significant numbkers is the redside shiner, Richardsoniusz

balteatus (Weisel, 1951). Since the majority of my field data was collected
at a time which coincided with the shiner's spawning, the fish wsre often
presert in schools of thirty to fifty individuals in pools near the springs

and my otservations indicate that they were the dominant secondary carnivores.
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A osimilar "oimpll" situaticn exlisted in the plant portion of the

corunity during the months of cold temperature. In swurer wonths, with

lonzer photopariod length, the slou”h ray be filled with Myrionhyllum

(water milfcid), 2mdicila (water cress), and Soireccyra, a filamentous

gre=n algae. Lozza miror and Chara vulgariz arce present tui are not

rearly as obvious Durirz the wirter and early spring, howsver, when

\J,

L]

fleld sarpling was concentrated, these latter two plants were, without
question, the dominant substrates in the sprinrg region of the slough. For
this reason, Lthese two plants, along with treated subsurface sediment,
wera selected to be the substrates used in all subsequent studies of sub-
strate selection.

Samples of Laorra or Chara togsther with associated macroinvertekrates

were collectel on the three major sample dates. Samples of each substrate

were taken frem two distinct habitat-types. Feor Chara, samples were

taken within mats which were shaded by Lemna and also from uncovered

samrplzs were taken from aggregations that had

:}
e
[Ead
)
+
Z~J
&
-
=
M
H
3
5

areas. oi

Chara patches directly below and from areas without the algae. The results,

illustrating nurbers of !yalella and damselfly naiads collected on the speci-

fied dates, are compiled in Tables 1 and 2. The numbers of larvae of

. Chironomidae ctollectad with the April 10 and 11 samples were also enuwmerated,
since these Diptera larvae were the only otnecr macroinveriebrate population
collected in numbers great enough to be considered. Chironomid larvae have

fezding preferences similar to Hyalellaz, so they would also be included

&

thin the sccord trophic level of the slough's food wsb. Fach of the popu-

5.

lations were separated into three basic size classes, according to total

length. The basic categories outlined by Cooper (1955) were usad to classify
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i7" 3. The 0.0~-2.5 nm osise class encempossos an Mall juvenile® cato-
gory. The 2.5-5.0 ma group roughly repressnts the yourg adult category,

nd animals 5.0 nm and larger are adults from the previous summer or fall.
The developnenial stages of the damselflies were also categorizsd. Danszl-
25 in the 0.0-10.0 mz size class were the young, racently nalched group.

&S J

The 20.0-20.0 wm ind’vidaals werz rourhly interiedinte instars not likely
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preparing to emerge. Chironomid larvae were also
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ze classes. The totals in Tables 1 and 2 indicate
thal nigher nunbters of toth Zzalslla and damselflies were assoclated with

el ot —

the Lzmra suvstirate.

PREDAT ION

)

The higher rurmber of animals associated with the Lemna substrate
is surnarized in Table 3, which also depiclts a nigher ratio of damselflies
to Hyal=1la in associaticons with Chara samnles. Generally speaking, ther
were three Hvalella for every two damselfly nalads taken with the Lemnsz,
Yy

versus ore Hyzlells for every three damselflies in Chara. A proporiiornally

greater ranber of predators, then, were found in Chara. However, these
nunbers represent the standing crop for all sizes of both prey and predaior
populations. s was found in later predation experiments in the laboratory,
the majority of predation was by damselflies larger than 10.0 mm upon amphi-~
pods smaller than 2.5 mm in lensth.  (Sce below). If animals only within
these size classes are considered, a measure of "effective predation® can

te derived for both substrates. The ratio of damselflies to amphipods then

becomes 1.5 in Lemna and 6.6 in Chara, showing an even higher proportion of
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Preaators in (hara than wist wes beousit oul Ly data in Table 3.
A direct effect of damselfly naiads upon thz arphipod populuation
w1s estinmated by laktorztory expariments. Preliminarily, different numbers

and sizes of anphipods were placed in beakers with various sizes of naiads

T

(2011 a 5p.) that had been starved for at least twerty-four hours.

Tnase investizations showed 1) that damselflies zwaller than 10.0 rm in
lerngtn rarely atteapted to capture amrohnipods, and 2) that the larger dam-

2lflies could rarely capture amvhipods that ware over 2.5 mm in length.
Thezrefore, subscquent experiments were conducted only witn Zgallazma naiads
larger than 10.0 mm and with the smallest size class of Hyalella.

The first predation trials were conducted in 500 mnl beakers, each
contairing one damselfly and 300 ml of pond water. Various numbers of
dryalella were useds results arc in the first half of Tatle 4. The table
shows, not only how many successful captures wars made by each naiad, but
also how many times they attempted to capture an amphipod. Wattempts!
ware recorded whenever a nalad's lablum was extended and made contact
with an amphipod, without a successful capture resulting. Prey individuals
ware repliaced waiernever one was captiured, so the2ir numbers remained constant.
After trials with different densities of Hdyalells, it was noticed that the
general activity of the Znallarma nalads of'ten increased and less dirsct
food capturing moves ware mads when amphipods began to cling to the predator's
appendages or dorsal surface. As often as rot, naiads seemed to strike in
an effort to remove the amphipods rather than in an effort to capture prey.
This appeared to cause the percentage of successful captures to decrease.

To alleviate the situation as much as possible, trials were conducted in

shallow petril dishes (11 em diamcter) with stalks of Chara added. The stalks

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



no
[

Teile Loe- Dzoults of laboratory needation Ly davsellly nalals upon
Juvenile Iy 23700 oobt-ca,  Trials ver? coaducned Do
thirty minut=s, szin, nalads that L-0 Coea el Hol Tor

trenty-four hcure,

Trial lunber cf Attermpted Succrseiul PYerconitaie

ralella cambureas conturcs SUCCIGT
300 wl beskar with no Chere ohalis

1 10 L 1 25.0

2 10 S L 2C.0

L 20 11 5 LS.5

5 20 17 8 L7.5

5 20 5 1 1i.1

7 20 7 2 2262

8 30 0 0 0.0

9 30 1 O C0.0
10 30 33 7 2242
11 o 3 O aC,0
Totals 73 27 25 .0

160 ml netri dicsh with Chara stslks

1 20 8 5 625

2 20 10 & 60,0

3 Lo 1G c 50.0

L Lo 2 1 50.0
AP : ‘ S
Tohols 30 17 N
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not only save Lhoe arohi

ge

ods an obj:2ct Ior attachrant, tut also gave the
naiads a surfacs along which to alizn themselves. Such alignment is
characteristic of the food capturing tehaviour of many codonates (Csinger,
1956). The results of these trials, showing an apparent increase in the
percentage of successful captures, are containad in the second half of
Takl= L.

In samples collected after mid April, Davaniz sp. began to appear

(432

in Chara samples. Since these cladocerans could be a logical alternate

prey for the naiads, samples of Daphnia and ialella were mixed. Ten
individuals of each prey species were placed in the petri dishes, along

with stalks of Chara and 100 ml of pond water. Only large Daphoia, approxi-
mately 2.5 mm in length, were ussd in the combinations. The prey organisums
weres again replaced whenever an individual was captured. Daphnia were
apparently captured, not only at a higher frequency, but also with a higher
percentage of successful captures (Table 5).

To measure the possible effects of the sccorndary predators on sub-—
strate selection by dyalella, adult redsidz shiners were collected. Indi-
viduals were taken from three diiferent schools, and their stomach contents
examined. These examinations revealed that the shiners were feeding pre-
dominantly on chironcmid larvae and damselfly naiads (Table 46). In total
riunbers, chironomid larvae were more significant invthe diet of the fish;
however, in terms of biomass, the damselflies were equal to the chironosid
larvae or zlightly more important. o ;vidence of predation on Hyalella
was found. Prey animals were not counted unless definite evidence of an

organism was present. Chironomid larvae were most oftcen identified by their

head capsule which appeared comparatively resistant to digestion, but in

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



‘uoissiwiad noyum papqiyosd uononpoidas Jayung Jaumo JybuAdoo ay} Jo uoissiwiad yum paonpolday

Table 5.-- Results of lahoratory nredation by damsellly naiads upon combinations of juvenile dvalell~ azteca ~nd
adult Daphria &p. Trials werz conducbed for thirby minutes using one naiad that hsd bcon iselabcd
for twenty-four hours. Ten individuals of bhoth spocies were in each trial.

Darhinila dyalella
Abteunpteo Succzecful Percent At bernnbed sueecosiol Percent
T2ial Captures Contures JUCErES Cantarcs Contures Suterss
1 8 7 ¢7.5 7 0 00.0
2 2 2 100.0 ¥ 2 25.0
no
3 1 1 100.0 0 0 0.0 -
L 0 0 00,0 1 0 CCL0
5 5 3 60.0 3 0 0.0
4 g L £0.0 7 1 5.3
7 1 C 00.0 3 0 00.0
Totale 22 17 77.3 17 3 17.6
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Scme instinces whole znimals ware found. wsbimstion of dams=elfly numbers,

9]

on the other hand, were usually based on the praosence of apperdages or anal
£ills. If there was cver any doubt as to how many ware present, the smaller
rnumber was chosen as an estimatz. The plant debris and filaments found
within the stomachs may have been ingested only incidentally aleng with the

invertekrates.

SUBSTRATZ SILZCTION

The data in Tables 1 through 3 show that a higher proportion of both

)

n samnles of Lerna. These

2

Hy=a1lella and damselflies wsre collected wit
data ceompare the two subsirates on the basis of 600 cm® samples (the total
ares ol the sieve used in the sampling). dowever, since aggregations of
Chara are much more compact than the duckweed, one attenpt to compare the
substrates equitably is to reduce the samples to apportionments of one gram
each., To maks these reductions, the number of animals in each sample was
divided by the dry weight of substrate in the sample. This data is com-
piled in Tables 7 and 8, which again show totals by size classes, comparing

irdividuals taken with the two substrates. These figures strongly suggest

a substrate preference of Lemra by Hyalella, since over eleven times as

many amphipods were associated with an equal biomass of this substrate,
compared to Chara. Probatly this difference is, if anything, conservative,
since nearly half of the weilght and surface arca of Lgmna is above water,
and thus is not available as a substrate for amphipods.- Since all organisms
were collected only a few centimeters below the water surface, sample depth
did not contribute to this difference. Also, changes in the weather have

little influence on subsirate assoclations, since the differences prevailea
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urnder all eb:erved conditions.
Laboratory substrate-selection also strongly demonstrated (P<.001)

a substrate preference for L.mnz by Hvalella. Laboratory results are

given in Figurc 3, which shows how the substrates were arranged within
the four sections of the enameled pan. (Only twenty-nine arphipods wer
placed in the third scction, three individuals being lost during their
transfer to the section.)

Figure 3.-- Results of laboratory substrate-choice experimerts. The
arrangenent of the substrates witnhin the four sections is shown, as well
as tne rumber of Hyalella ir each quarter-ssction after a2 twenty-{our

hour period. Vertical lines show the partitioning of the —an into sections,
arnd the dashed linas represesnt the positions of the plexiglass plates.
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GROWTH RATZS

Laboratory trials on growth rate were conducted in twe different
sels, spanning two time periods. The first set covered a thirty-one
day period from January 2lst until February 21st. Amphipods averaging

2.5 nm in total length were used in each of the eight cultures. In the
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Cltures containing plants as substrates, equal uwounts (dacp dry weights)

bsere added at irntervals of three to fiv

-
W

days. A cumulative total of

five grams was in each flask a2t the end of the period. In sediment cul-
tures, snough aerated substrate was initially added to cover the bottom

of both flasks to a depth of one centimeter. Additicnal sediment was

ther added at similar intervals until a total of 70 grams was in the flasks.
Compocite cultures had five groems of mixed Chara and Lerna and 30 grams

of sediment at the end of the time period., After thirty-one days, the
Hyalella were removed and their dry weights determined. Growth rates

were cbtaired by comparing these weights with average values of groups
containing twenty ampaipods, anproximately 2.5 mm in length,.

The best growth rates were obtained from the Chara. Lemna and the

composite cultures produced individuzals with nearly the same average weight.
The subsurface sedinent contained the smallest Hyalella. These results
are shown in Figure L.

Mortality rates under these laboratory conditions were relatively
high, averaging roughly 25 percent in all culturss. The increased
mortality of Hyalz=1la was possibly influsnced by handling specimens with
an eyedropper during their initial transfer into the flasks. Also, the
‘thirty-one day culturing period proved to be long enough for some indi-
viduals over 2.5 mm in lergth to develop a brood. 11 of the cultures,
except those maintained on sediment, contained recently hatched individuals.

The second set of growth rates was conductaed to confirm the above
growth rate differences. The trials were maintained over a shorter twenty-
four day period. Caly Jjuvenile arimals, less than 2.5 mm in lenglth were

usad. 4An eyedropper with a larger apertiure, less likely to injure the
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Figure 4, -- Laboratory growth rates for Hyalella azteca,
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puclinence T ocame perlolic fecding schednle
was malricined, excapt this time one lacsk for eacit substrate was given

twice the ameount »f plant plus periphiyton, so that a total of ten grams

damp dry weignt) was added. Flasks to which the rormal five grams of
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nited "Groap A", and those to vhich ten grawns
were added, "Croup EBY, The obtained growth rates, along with the cumulative
feeding schedulces for each group are illustrated in Figure 5. Azain aninalas

held on (Chars demonstrated the best growth rates. There was little diffocr-

ernce in zrowth ratle betwzen the two Chara groups, and the growth rates of
the second set were slightly higher, but comparable to those of the first
set, ancroximatsly 3.2 microcrams/animal/day. The composite in Group A had
a better growth rate than the Group A Lemnia culture. IHowever, in Group B,
as in the first set, the growth rates for Lemna and the composite were nearly
equal. These trials were conducted over a short enough time period, and with

1311 enouzh animals at the start, so that no broods developed. Also, mor—
tzlity was less than rive percent overall with a total of only two deaths,
both occurrirg in the Zhary Group 4 flask.

The percentazs organic content of Chara from nine replicates averagoed

25.5 with a stardard error of 1.1. The percentage organic content of
Lemna from five rarlicates averaged 70.0 with a stardard error of Z2.4.

The facal pelleic produced by dyalelila in Cnara were found to have an

Py

averazze organic conteat of 14.7 {standard error 0.5), while the correspon-
ding figures for Luna were 14.9 (standard error 3.0). Thesc results sug-
gest that the amphipods were feeding upon the same food material, periphyten,

in both caces. The most plausible alterrnative explanatior for the similar

figures of organic content in the feces would be that Hyalcella assimilates
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Figure 5, == Laboratecry growth rates for Hyalella azteca and
curnilative feeding schedules maintained for a twenty-four
day period,
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DISCUSSIOH AND CONCLUSICHNS

COMIILNTTY COIPOSITTION

¥

A reduced standirg crop of higher plants is present at Shandy Slough

during the winter months. /A similar cendition concerning the periphyten

Y

(first trophic level) can also be inferred if winter and sprirg growth

are compared. Suech data reflect the amournt

)
u
v

Y
P
L
d

ot

¥

(D]

)

rate datz of Hvalel

of nutrition received Irom the periphyten., In the main, the higher the
amphipod growth rate, the more periphyton must be available for conszumption.
Other factors, such as changes in the species diversity of microflora,

occur throughout the year. However, such factors, compared to periphyton
density, would probably have little influence on growth rates, because the
orgaric cortent of many species of the algae, at least, is similar, Although
no growth rate experiments were conducted later in the ycar with substrates
frem Shandy Slough, the spring and early summer data compiled by Hargrave
(1970a) can be used as a vprotable substitute for production in these months.
ILaboratory conditions for btoth experiments were ver& similar. Animals and
plants for the latter were taken from Marion lake, British Columbia, a
temperate, freshwater community., For Marion Lake in May, growth on Chara
as a substrate was 6.9 micrograms/animal/day, and on bottom sediment it was
1.2 micrograms/animal/day. For a similar period in Junc results were 8.8
micrograms/animal/day on Chara and 2.1 micrograms/animal/day on sediment.

35
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with Chara takon Srom Snhan Ay Slough in Fekruary, srowth averzged 2.9

micregrams/animal/day and in barch, 3.2 micrograms/animal/day. The aeratod

7]

£

wdiment from the clough averagad 0.2 microaram-/animil/day during both
months. These results sugsest that during the winter, production within
the first trophic level is reduced, even though water temperature remains
favorablzs for psriphyton growth. 4 similar reduction in algal standing
crop, indicatirg a dependance on long photoperiod length for maximum pro-
ductior, was found by Stockner (1967) in Mount Rainier and Yellowstone Park
varasprings. With loss of production within the first trophic level, cor-
responding reductions in the fauna must occur. IMany animals respond with
dormant stages. The Dzphnia and copepods possibly deposit their resting
€g2gs within the Chara aggregations. Necktonic Hemiptera overwinter as
adults in protected areas on or near the water surface. Again we see that
the hydrogen sulfide in the benthic zcne may limit diversity, because aquatic
Coleoptera, which are present at the slough only in low numbers, require a
mud habitat for hibernation. Physical factors other than the hydrogen sul-
fide prevent the occurrence of ctpnemeroptera and Plecoptera populations,
since the stonellies, at least, are low temperature stenotherms and appar-
ently need temperature changes greater than are found at Shandy Slough,

to help trigger their emergence (Sheldon and Jewett, 1967).

Yratella azteca has no known resting stage; its population persists

throughout thz year even when primary production at the slough becomes
relatively low. Since the Daphnia and copepod populations are, for the
most part, inactive throughout much of the winter, dyalella is clearly

the domirant population of the second trophic level.
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SURSTIATY S LCL/ICH

In both laboruatory ard field studies, Hvilella indicated a definite

erence for Lorng az a substrate. Previous studies have showr that

A a3 3ot pye P s ;
27223113 discriminates betwesen substrates containing various concentrationz

of diatons. Zarly stulies on macroinverisbrats 3istritutions similarly

linxed assoclatlions beiween animals and plants to surface area for periphyton

growth (Kvecker, 1239; Rosine, 1955). The latter two studies relaie the
leaf dissecticn of subrmerged aquatic plants to the density and diversity of
associated animzgl porulations. Howsver, my studies at Shandy Slough dexon—
strated that tne substrate providing the best growth rate {Chara) was not
selected. Similarly, the study by Hargrave (1970a) alsc found that rela-
tionships betwszer periphyton production (surfzce arsa) and amphipod growth
ard distribution are not c¢lear cut. A4s stated earlier, he found that peri~
phyton associated with Chsra was a better source of foed for growth than

was sediment microflora. Yet at Marion Lake, where Charz and Potcomoeeton

beds with atundant periphvion occur around springs, Hdyalella is neither
more rumareus nor larger in size than amphipods found on adjacent open
sedim=nt. In fact, 80 percent of ths amphipods are lound on the open sedi-
ment, and nothing appreaching a clumped distribution occurs in areas of
highest peripnyton d.risity.

Reaschs other than food supply, then rust contribute to the selec-
tion of Lemna by Hyalella at Shandy Slough. Eryden (1952) found that a
species of hydra occurred on some plant species and not on others. An
apparent biochemical irfluence on the emergence of mosquito larvaz was

also sugrested by Abdol-Malek (1948). These facts strongly suggest a
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dirzct irfluecnce by plants on tho developmeznt of pzriphytor on their
surfaces and possibly on the animals in the water around them. The naturc
of similar chemical regsulators of alpac has teen studicd Ly Proctor (1955,
1957), but further studies will hav: to be made to ¢larify any such anti-
biotic action exerted on the fauna by these cxtracellular compounds.
another possible cexplaration for ths field selection results would

be the shading effect of Lemna. The negative phototaxis of dyalella,

when corbined with increasing effects of hydrogen suifide near the bottow
of the slough, would make the substrate that allowed the least light pene-
tration and, at thc same time had most of its bicmass near the water sur—

face the most favorable for Hvalella. In order to find an amount of shade

equal to that of duckwszad within the Chara aggregations, Hyalzlla must go
to a considerable depin bzlow the water surface.

Finally, the influence of predation on the field results can not be
overlooked. Damselflies are the ma2in predators upon the Hyzlells popula-

tion at Snandy Slough., The predation, by IZnallagna sp. at least, is upon

specific size classes of amphipods (individuals less than 2.5 mm in leagth).
Although Chzara was not selected as a substrate by the damselflies, the
effective number of predators was higher in this substrate. This, in twrn,
made existenca for early irstar Hyalella slightly more precarious when

within Chara than when within L:mns. Chara teds were aiso the only place

mere the large Anisoptera naiads were found. Unfortunately, by the time
the laboratory predation experiments were conducted, all of these predators
had emerged. The Anisoptera very likely prey on the amphipods as well as
early instar damselflices, and are probably an important factor in population

reqalation within Chara. Odcnatsa naiads are likely to be more successful
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Yo

A - . L s e e a e . .
proiators in Lhe Chora; the mats of this substraite are much worce compact,

making the distznce to prey much less, and thus very likely increasing the

oy e

percentage of guccessful captures. Casra stalks are also thicker and more
compact than those of Leriia. This situation cortributes to the protective
coloration of the naiads. Further, Odonota within Ciara agiregations are

¢ irom predators, since ths agiresatiens are too concentrated
any

an unstsble pilace for Hyalelia's survival, and make the predation influsnce

more clear than is brought out in standing crop figures.

Reasons for laboratory substrate selection are less clear. Since the
expariments wsre conducted in total darkness, the shade factor would bs
elimirated. Predators were not present to influence the selecticn, and
food cencentration has been essentially eliminated as an influence. Hori-
zontal arranzsment of substrates made little difference. Further studies
ot the biochemical influence of plants upon macroinvertecrate development,

or pernaps on ths specific periphyton associated with each substrate would

aid in the clarification.
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SUMLRY
The diversity of animsl populaticns at Shandy Slough is relatively

3

low, whern corpired to other aguatic communities in western Mentana.
Physicecchemical limiting facters such as high alkalinity and, in the
bentnos, hydrcser sulfids eliminate mary populations characteristic of
cold=waitcr cournterparts of the slouzh. Other physical lactors, such as
m&d:. te dissolved oxygen concencraticon and litile secasonal temperature
variation, are also factors which contribute to the low diversity.

113 arztzeca, rormally a benthic macroinvertebrate, was found to

1T
Hyale

(D

havs definite substratc preferences in an ecosystem without a habitable
ceninecs. Laboratory and field studies indicatad that thess amphipods had

a cdefinite preferzrice for Lawna over other available subsirates. In

Yy
.

)
;_J.
l._h

ori, substrats, rather tran food suprly, appears to have the most

-

infiuernce cn slicredistritution of H=li<llsa at Shandy Slough.

Preiaticrn is a strong factor influsncing nuwnbers of amphipods associ-—
ats3 with subsirates in the field. another likely influcnce upon the

fisld results would be ths abundant shade provided by Leomna.

IRY)
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