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AESTRACT

A partial energy budget was constructed for the Arctjc sub-ice

amphipod I'leyprechtia pinquis during the spring season at Resolute Bay,

N.W.T. Ingestion rate was measured using biogen'ic siljca as a "tracer",

and equalled 213.60 t 32.40 (95 % confidence interval) ug dry weight

a'l gae. amphi poo-1¿ay-1, oF 1.056 1 0. 160 caj ories. amph'ipod-1. duy-1.

Respirat'ion equa'l led 0.984 + 0.072 calories.amphipod-1.day-1, whiìe

growth and molting together uti l'ized 0.501 1 0.125

calories.amphipod-1.duy-1. Growth and respirat'ion used more energy per

day than was taken in through ingestìon. Some of the possjble reasons

for thjs dìscrepancy are d'iscussed.
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1.

I NTROOUCT ION

The bottom surface of Arctic Ocean first-year sea ice, during the

springtime, provides a unique habitat for a w'ide variety of organisms.

The conrnunity which flourishes here is an important part of the total

yearly product'ion in these waters, in terms of both plant and animal

b'iomass.

The base of this sub-ice food web js the a'lgae which blooms on the

under-ìce surface f rom earìy spring unt'il breakup. The aìga'l community

is heavily dominated by diatoms.0f the 196 species of sub-ice

microalgae 'identif ied by Hs jao (1980), 189 were diatoms. The d'iatoms are

'largeìy pennate species, commonly Navicula spp. and Nitzchia spp. (Hsiao

1980). This a'lgae has been est'imated to suppìy from 6 to 33 Í of the

total annual primary productìon jn some areas (Cross 1982). As wel'1, jt
provides an important food source for a number of types of animals at a

tjme when open water phytop'lankton production has not yet begun.

The sub-jce community consists of both a meiofaunal and a

macrofaunal component. The meiofauna includes nematodes, poìychaetes,

rotifers, and several copepod spec'ies (Carey 1985). The macrofauna

consists almost entire'ly of gammarid amphipods, with generalìy one or

two species dominating (Carey 1985). One such amphipod is Weyprechtia

pinquis.

Weyprechtja pjnquis js a c'ircumpolar spec'ies wìth a wjde

distribution 'in arctic and subarctic waters (Dunbar 1954). It domjnates

'in both numbers and biomass of amphipods on the sub-ice surface at some

locations (Cross 1982, Cross and Mart'in 1983). Carey (1985) categorizes

Weyprechtia as a member of the "shallow water fast ice communjty", aìong
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with the amphìpods Qnì simus 'l 'itoral i s,

qlac'ial is.

Garmarus setosus and Apherusa

To date, there have been no reports pub'lished on the diet of

l{eyprecht'ia. Bradstreet and Cross (1982) dìd study the diets of four

sub-jce amphipods: Parathemisto sp., Garmarus wilkjtzkii, Onjsjmus

glacialis and Apherusa glacial'is. All four of these species consumed ice

algae, primariìy the pennate djatoms Nitzchia spp. and Navicula spp. The

first two amphipods a'lso consumed crustaceans (Bradstreet and Cross

1982) . Parathem'i sto and G. wi I kti zk ì i are both 'l arge specì es, wì th body

ìengths ranging up to 35 mm (Dunbar 1957), and 33 nrm (Steeìe and Steele

1975a) respect'iveìy. weyprecht'ia is similar in sjze to 0. slac'ialjs,

which has a mean adult body ìength of 9.0 mm in late summer (Griffl'ths

and Diìlinger 1981). Because of jts small s'ize, it js probable that

l'leyprechtia'is also primariìy a herbìvore, at least during the sub-jce

season.

Sub-ice amph'ipods are a major component of the diets of young

rìnged seals (Phoca hisp'ida) and Arctic cod (Boreoqadus sajda)

(Bradstreet and Cross 1982). Arct'ic cod, in turn, are an jmportant

source of food for several seabjrds, ringed seals and narwhal (Monodon

monocerous) (Bradstreet and Cross 1982). In the open water season,

amphipods also serve as food for seabirds, especiaììy thick-billed

murres (Uria lomvia) and black gu'illemots (Cepphus grylle) in the

Lancaster sound - Bamow Straìt area (Gaston and Nettlesh'ip 1980,

Eradstreet 1979). Weyprechtia has also been found in the stomachs of

thick-billed murres in northeast Hudson Bay (Gaston and Noble 1985).

Because of the central role amphìpods such as tleyprechtia play in

the sub-ice food chain, knowledge of their energy budgets can he]p us
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understand how much energy'is being obtained from the primary producers,

and how much is subsequently avajìable to higher trophic levels. The

purpose of thìs study is to construct a partiaì energy budget for the

amphipod l.leyprechtia p'inguis, focusing on the major components: feeding,

growth and respiration.

According to Dav'is and l,larren (1971) and From and Rasmussen (1984),

V.S. Ivlev in 1939 was the first to subdivide the energy of food

ingested by an anjmal into the d'ifferent terms of an energy budget.

Ivlev's origìnal equation has since been modified to the form generalìy

used today: C = P + R + F + U, where C = €nêrgy ìntake through

ingestion, P = €nêFgy used in production (growth, reproductjve products,

exuviae), F = Orìêrgy egested as feces, and U = Ên€Fgy ìost as excretory

products (DavÍs and Warren L97L, Hargrave I97I, Nilsson 1974, and many

others) . Each term 'in thi s equation can be i ndependent'ly measured. In

thjs study, F and U were not quantifjed, but can be calculated from the

measured components as = C - (P + R).
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METHODS

Study Area

Al I sampì ìng was carried out in the vicin'ity of Resolute Bay,

N.w.T. Q4o 4L' N, 94o 51' t{) (Figure 1). Starvatjon experiments were

carried out at the sampìing locatìon, which was generalìy about 2 km

offshore. Some other experiments (respiration, mo'lting) utilized the

Bedford Instìtute of 0ceanography's'ice camp, a set of Parcols located

in Resolute Passage about 1 km offshore. Other procedures were done at

the Fisheries and 0ceans South Camp ìaboratory.

Col I ection

Animals for all types of experiments were captured from the sub-ice

surface using a "sweep net" developed by Pike (1987) (Figure 2) dep'loyed

through an 18 cm (8 ") auger hole. The net was attached to a hinged arm

which, when lowered into the water, would float up to the sub-jce

surface. The net was turned by two peopìe on the surface, samplìng a 5.5

m2 donut shaped area around the hole.

Feed'i nq 1) . S'i I i ca Method

S'iljca was chosen as a material w'ith which to assess gut fullness

and feedjng rate because of the large proport'ion of diatoms in the

sub-jce a'lgae, and because ìarge numbers of diatoms were found in

I'leyprechtia guts.

For biogenic silica analysis, a method modified from those of

Paasche (1980a) and Krausse et al. (1983) was used. The amphipods were

each measured for head length and pìaced in individual 20 mL plastic

scintillation vials. Five mL of concentrated HCì pìus 20 uL of HrO, were
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Figure 1. Locati on
I ocat i on

of
of

the study area.
Resolute Bay.

The trìangle indjcates the
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Figure 2 (from Pike 1987). Ihe sub-'ice sweep net (side view). The net
is dep'loyed through an 18 cm auger hoìe (A), and consists
of two h'inged pieces of square alumin'ium tubing (B & C).
The net (D) floats agaìnst the sub-ìce surface. Â wooden
Ìnsert (E) holds the system stable, while a pìastjc insert
(F) and spike (G) suspend the net jn the hole. The net is
turned by the handle (H) and js retrieved by puì'ling on the
rope (J). The 'inset shows a view of the net from be'low, and
the path jt would travel around a hole. Scale is roughìy l:25.
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added, and the sampìes allowed to sit for a minimum of thirteen hours to

digest aìì organic material. The samples were then neutral'ized with 10

mL of 6 M Na0H. A 5 mL subsample was transferred to a second set of

pìastic vials and 10 mL of 0.1 M NaOH added. These samp'les were then

boiled for one hour, cooled, and 2 mL of 1 N HCI was added to lower the

pH to 3 - 4. They were then analyzed for dìssolved sjlica on a Technicon

Auto-analyzer system, us'ing the methods descrjbed 'in Stainton et al .

(1977). The concentration of dissolved siìica present 'in the known

volume of sample was converted to a mass of s'il ì'ca for each anjmal.

2). Twenty-four Hour Series

To determine whether Weyprechtia fed continuousìy throughout the

day, three 24 hour serjes of samples were taken: on May 20, 1985, May 9,

1986 and June 6, 1986. Amphipods were collected from the sub-ice surface

at four hour intervals for a 24 hour period. The animals were kjlled
jmmediately by ejther rapid heatjng or freezing, then frozen for later

silica ana'lysis. Neither heating nor freezing appeared to cause

regurgitatjon of gut contents.

3). Feeding Rate

Biogenic silica was also chosen as a marker wjth whjch to assess

l,leyprechtia's feed'ing rate. By folìowìng the loss of siljca from

amph'ipod guts under short term starvation, a gut evacuat'ion rate can be

found. If the s'il ìca loss fol lows a negat'ive exponential curve over

time, as has been found for several zooplankton species, the slope of
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that curve will represent a gut evacuation constant. This constant

equals the fractìon of the gut content that is lost over time, and

should be the same regardless of the anjmal's gut fullness. Negative

exponentia'l gut evacuation curves were first found to hold for fìsh

(E'ììiot and Persson 1978), and have since been observed in a number of

species of marine copepods (Dagg and l.Jyman 1983, Tande and Bamstedt

1985, Wang and Conover 1986, Head 1986, Kiorboe and Tiselius 1987).

If ingestion and egestion are assumed to be in equ'iìibrium, in that

the animal feeds more or less continuous'ly, then the fraction of the gut

contents ìost per un'it tìme should equa'ì the fraction gained by

ingestion. The actual ingestion rate wìll then equal the gut evacuation

constant multipìied by the silica content of a fulì gut. IngestÍon rate

will be jn un'its of ug sìlica.amphìpod-1.nr-l. This method, using other

markers such as chìorophyll or dry weight, has been used to calculate

feeding rates for fish (rev'iewed in Elliot and Persson 1978), a

freshwater amphipod (Marchant and Hynes 1981), and marine copepods (Dagg

and Wyman 1983, Tande and Bamstedt 1985, Wang and Conover 1986, Head

1986, Kiorboe and Tiselius 1987).

To measure feeding rate, seven short-term starvation experiments

were carrjed out between Apriì 14 and June 18, 1986. Freshly collected

an'imals were sorted from other amph'ipods'in the field, then placed ìn

small starvation chambers (F'igure 3) to a maximum of ten l.leyprechtia per

chamber. The number of amphipods used depended upon the number caught.

The same number of amphipods (seven to ten) was killed immediateìy to

prov'ide the "Time 0" i nìti al si I i ca val ues. If a second sweep had to be

made to obtain more amphìpods, a second set of initials was taken, and a

second set of starvation chambers run to fill jn missing time periods.
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Figure 3. A starvat'ion chamber. The bottom of a 250 mL pìastic jar was
sawn off and rep'laced with 2 mm screening, below whjch was
gìued a plastìc funnel. Amphipod feces would s'ink through the
screen and collect in the funnel. Ethafoam gìued to the jar
lid allowed the chambers to float upright jns'ide a ìarger
contai ner.
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This was done for the April 24, May 8 and May 21, 1986 experjments.

ïhree starvation chambers were pìaced upright in a larger pìastic

container fìlled w'ith seawater wh'ich was then suspended beneath the ice.

Al'l experiments lasted between 8 and 12 hours, with samples

generaìly taken at shorter (haìf-hour) intervals at the beginnìng of the

experiment, and longerintervals at the end. At each tjme intervaì, a

chamber was removed from the water, the amphipods killed by rapid

heating or freezing, and the sampìes kept at -10o or colder until

subsequent analysìs. In some experiments the feces were also collected

at this time, by draining aìl the water from the starvation chamber into

a pìast'ic container. The number of intervals sampled depended on the

number of amphipods init'ia'lìy available. All anjmals were anaìyzed for

their biogenic s'ilica content as descrjbed above.

Because a positjve correlation was found between total silica

content and head'length for unstarved an'imals, d'ifferences in size among

the an'imals jn an experiment had to be taken jnto account. A size

standardization was used, following the method of Marchant and Hynes

(1981). The slope of the regression line of total body silica and head

ìength for unstarved animals (F'igure 4) was used as a conversion factor

to adjust the silica content of each individual in a starvation

experiment to that of an average s'ize animal for that experiment. The

difference in head length between an anrphipod and the average was

multiplied by the conversion factor, with the result'ing number either

added to or subtracted from that indiv'idual's s'ilìca content. These

adjusted s'ilica values were then regressed against time and a feedìng

rate was calculated.

Linear regressions, jn th'is case and in others, were performed on a
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Figure 4. The relatonship between total ug S'i'l'ica pelindiv'idual and
head leng!!_for unstarved adult l,leyprechtia on May 9 and
June 6, 1986.
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computer us'ing the SAS regression program (SAS Institute i982). Anaìysìs

of variance was performed us'ing the SAS ANOVA procedure, and anaìysis of

covarìance was performed using the SAS General Linear Models procedure

(SAS Institute 1982).

4). Assimi lation

a) S'il ica:ch'lorophy'lì:dry we'ight ratios

Silica:dry weìght ratios were determjned for sub-jce algae on three

occasjons, l'lay 8, 1985 and May 3 and 19, 1986. Algae was collected from

the sub-jce surface by a diver, and allowed to concentrate in a cooì,

darkened g'lass cone.0n May 8, 1985 and May 3, 1986, small amounts of

the concentrated aìgae were pipetted onto preweighed poìycarbonate

f ilters. These were dried, reweighed, and placed in smal ì p'last'ic v jals

for biogen'ic sjl'ica ana'lysis. 0n May 19, separate filters were used for

dry weight and silica ana'lysis, so an average weight was used in

calculating the s'ilica:dry weight ratjos.

For silica analys'is, 15 mL of 0.1 M NaOH was added to each vial,

and the samples bo'iled for one hour. After cooling,2 mL of 1 N HCI was

added to brìng the acidity to pH 3 - 4. The sampìes were then anaìyzed

for d i sso l ved s ì l i'ca as bef ore .

Chlorophyì'l :dry weight ratios were determined for sub-'ice algae on

May 3 and May 19, 1986. Known volumes of concentrated aìgae were

pipetted onto GFC filters, and the chlorophyll extracted overnìght in

90 % methanol. Fluorescence was read on a Turner model 114 fluorometer

whìch had been previous'ly standardized with known concentratjons of

chìorophyl ì (Sta'inton et al . 1977).
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b) Assimilation Efficiency

Assimjlatìon effjciency was determined by comparing the sjljca to
dry weight ratios of amphipod feces to the sub-ice algae - an

appì'ication of conover's "ash ratios" method (conover 1966). A sjmjIar

method was described by Tande and slagstad (1985) for copepods, using

biogenic silica and 14C ratios.

Durìng the last three starvation experiments, feces produced by the

amphipods were col lected at each t'ime 'interval. Samp'les were taken back

to the lab and filtered onto dried and preweighed polycarbonate filters
(pore size 0.6 um). The fjlters were dried in a desìccator, reweighed,

then placed in individual p'lastic scintillatjon v'ials. Some feces

produced by l.leyprechtia while they were beìng held for other experiments

were also treated ìn this way. The feces were analyzed for thejr

biogenìc s'ilica content as described above for aìgae.

Growth and Life Cycle

1). Cohort Analysis

To determine growth patterns, a ìarge sample of amphipods was taken

monthly during the fìeld season. In 1985, sampìes were obta'ined for May,

June and Juìy, while in 1986, samples were obta'ined for March through

August. S'ince it was not always possible to obtain enough an'imals on one

day, sampì'ing was usualìy repeated several times a week. Several

lleyprechtia were also captured in January, 1986.

Head length was measured 'in 1985 with an ocular micrometer to the

nearest unit (0.02 mm). In 1986, a l.lj ld digÍtal micrometer (Modeì MMs
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235) was used, which measures to the nearest 0.01 rnm.

To obtain a length - dry we'ight relat'ionship, some measured animals

were dried at 600 to constant weight, allowed to cool overnight ìn a

desiccator, then weighed on a Mettler electrobalance (Mode'l AE 163) to

the nearest 0.01 mg. Anìmals were taken on March 29, May 6 and May 30

1986, to obtain a range of an'imal sizes.

Head length - frequency histograms were p'lotted for each month.

Usually two cohorts were present, but in July 1985 and March 1986 there

appeared to be an additional group of large adults. Thjs group was

separated from the other adults using probabiìity paper and the method

described by Cassie (1954).

Mean we'ights and "bootstrap" varjances were calculated from the

individual head'ìengths for each cohort using the length - dry weìght

equation and a computer program developed by Bjrd and pra.ir.ie (1995).

2). Long Term Mo'lting

In 1986, a group of Heyprechtia were kept jn the lab jn order to

observe molting patterns. Twenty-nine amphipods were captured on Apri'l

23, pìaced'in jndivjdual'ly numbered containers, and held in a ìarge tub

with running seawater (except for the period June 2z to July 14, when

the containers had to be held insjde a mesh bag that was suspended .in

the ocean). The amphìpod containers consisted of 'large pìastic vìals,

with the ends covered w'ith large mesh (approx. 2 mm) screenjng. These

vials were allowed to float freely'inside the seawater tub. Temperature

in the tub remained at about 0.5 to 1.0 degrees above the normal

seawater temperature. Because the flow-through volume in the tub was

high, oxygen concentratjon of the water was not monitored. Ten more
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anìmals were added on May 14, to bring the total number to thirty-nine.

Animals which d'ied during the ear'ly stages of experiment were replaced.

The amphipods were fed an excess of ice a'lgae on chips of ice

collected from auger holes and, later in the season, a slurry of algae

kept grow'ing in the lab. Fecal pel ìet production ind'icated that the

animals were feeding. Animals were fed and checked for molted

exoskeletons every two to three days and their containers were cleaned

periodìcally. Any exuviae or dead animals found were preserved in 70 %

ethanol for later measurement.

Seventeen exuv'iae collected in May and June were not preserved, but

were kept for dry weìght determinatjons. The exuviae were rinsed jn

d'istilled water, measured for head ìength, dried at 600, cooled, then

weighed.

Resp'i rat i on

Closed bottle respìratjon experiments were carried out in both 1985

and 1986. In 1985, experiments were run on Juìy 11 and 26, during the

open water season. In 1986, 6 experjments were run during the ice-on

period, on May 7, L7, 23, 29, June 9 and 16.

In 1985, amphìpods were collected from the sea floor by dragging a

small net. F'ive or ten adult l.leyprecht'ia were p'laced jnto 300 mL g'lass

stoppered bottles which had been filled with filtered (500 um) seawater.

Each experjment consisted of 3, 5.or 6 experimentaì bottles, w'ith one or

two control bottles. All the bottles were incubated in situ at a

temperature of +1.0 o.

In 1986, the sub-jce sweep net was used to capture amphipods from
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the sub-ice surface. Animals were quickly sorted, transported to the

Bedford ice camp, and placed in gìass bottles as described above, except

that ten animals were used each time. Incubat'ions generally began 20 to

30 minutes after capture. In th'is case, the bottles \{ere held ìnside a

large tub w'ith flow-through running seawater at 0o 1 1.

After an 'incubat'ion period of four hours, the bottles were removed,

and a subsamp'le of water was siphoned from each ìnto a 130 mL gìass

stoppered bottle. A screen was used on the s'iphon tube to prevent feces

and other material from entering the sample bottles. The amphipods were

killed and preserved in 70 % ethanol for later measurement.

The subsamp'le bottles were taken back to the laboratory the same

day and tjtrated for oxygen concentrat'ion according to the method of

Carpenter (1965) as modif ied by Wel ch (l.le1ch and Bergmann 1985) . 0f ten

two titrat'ions would be made on the same subsampìe. In both 1985 and

1986, the average dìfference between these was 0.03 mg Or.,-t, cìose to

the standard error of 0.02 mg.l-1 obtajned from practice tìtrations.
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RESULTS

Feed i nq

1). Twenty-four Hour Series

In the 1985 series, onìy three amphipods were caught at each tjme

period, resulting jn a totaì of onìy 15 points (3 sampìes were'ìost).

Mean s'il ica level on this date was 18.89 ug.amphipod-l 1 4.66.

(Throughout the results, numbers following the + symboì are the 95 f
confjdence intervaì). No real trend could be seen jn these data (Figure

5), possìbìy due to the small samp'le size. A regress'ion run through the

15 points d'id not have a signìf jcant s'lope (p t 0.20).

In May 1986,9, 10 or 11 animals were caught each time. The

resulting pìot (Figure 6) shows a sìight d'ip in average sil'ica content

in the evening and night sampìes, compared to the morning sampìes.

Silica values overall seemed'low on this date, averaging 10.20 + 0.89
1

ug.amphipod-' (n=61). Analysis of variance (SAS Instìtute 1982)

indicated that there were signìficant differences among the mean silica

values at each time perìod (p.0.01). A Bonferronj t-test (SAS

Institute 1982) showed that the 11:20 samp'le mean was significantly

different from 4 of the 5 other means. As well, th'is test showed that

the 7:20 mean value was signif icant'ly djfferent from the 19:20 mean.

The pattern which occurred 'in May was not evident in the June

twenty-four hour series. Mean sjlica contents did not vary much over the

period (Figure 7). The overall siljca content was also higher than ìn

May, averagìng 15.57 ! 1.10 ug.amphipod-1 (n=67). Anaìys'is of variance

(SAS Institue 1982) of these sampìe means showed no signifìcant
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Fìgure 5. Total ug S'iìica per jndiv'idual adult Weyprechtia over a
24 hour period, May 20 - 2L, 1985.
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Fìgure 6. Mean totaì ug Siì ica perind'ivjdual adult l.leyprechtia over
a 24 hour perìod, May I - 9, 1986. Bars are the 95 I
confidence interval about the mean, and the numbers below
each bar are the number of amphìpods sampled at that time.
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F'igure 7 . Mean tota'l ug S'iì'ica per individual
a 24 hour period, June 6 - 7, 1986.
confjdence i'nterval about the mean,
each bar are the number of amph'ipods

adult l.leyprechtia over
Bars are the 95 %

and the numbers below
samp'led at that t'ime.
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differences among them (p > 0.26).

ln all of these cases, no strong patterns of total sil'ica content

were observed over the 24-hour perìod, suggesting that there may be no

strong da'iìy feedi ng patterns 'in these amphipods.

2). Feeding Rate

The loss of sìlica over time was initially plotted separateìy for

each of the seven starvation experìments. The sìopes of these lines

(which equaì the gut evacuation constants) were used to calculate

feeding rates (Tab'le 1). Analysis of covariance, using a model to test

heterogeneity of s'lopes (SAS Inst'itute 1982), índ jcated no signif ìcant

dìfference among these s]opes (p t 0.24). As welì, feeding rates for

each experiment were not sign'ificantly correlated wjth the average sìze

of the animals in that experiment (p t 0.05). Because of this, the data

were pooled and one l'ine was plotted (Figure 8). The coefficient of

determination for th'is line was 0.238 (n=507, p < 0.001). The slope of

this line (0.079 I 0.0i2) was used to calculate an overall feedìng rate

(Tabìe 1). The rate obtained thjs way,0.935 + 0.142 ug

silica.amphìpod-1.nr-l, is close to the average obtained from the seven

separate experiments, 0.944 + 0.234 ug silica.amphipod-1.hr-1 (Tabìe 1).

For comparison, a l'inear regression was run on the untransformed

data. The coeffìcient of determination was sl'ightly lower than that for

the exponential line, equa'l'ling 0.228 (n=507, p < 0.001). There js no

stat'istical evidence for choos'ing one model over the other.

There is no further evjdence given from the rate of feces

production. If gut evacuation is l'inear, then a constant amount of

material should be egested per un'it time until the gut is empty (Dagg



Tabl e 1. Calcul at'ion of feedìng rates for Weypnecht'ia from the seven
starvation experiments. Feed'ing ffi-îl@aì to the gut
evacuat'ion constant mul t'ip'l ied by the f uì I gut si I'ica val ue
for an average size an'imal (mean head length) for each
experÍment. Full gut Si values for each size were obtained
from the p'lot shown in Fìgure 4.

Experiment
Date

Gut. Evac.
Con sta nt

Mean Head
Length (mm)

Feeding Rate ì
ug Si Anphi pod-'

hr
Ful I Gut
si ( ug)

Apri ì 14

Apri I 24

May I

May 21

May 31

June 10

June 18

Al I dates

0. rì64

0. 101

0.061

0. 085

o.0g?_

0.077

n nqo

0.077
0. 015

0.079
0.012

1.64
! 0.0?_

9.26

10.31

11 .37

12.8e

I4.25

1 3.79

13. 79

11.83

1.47

1. 54

1.61

1. 71

1 .80

1 't'lr. t I

't 71

0. 593

1. 041

0.694

1.096

1.311

I.062

0.814

0.944
0.234

n a?E

0.I42

X=
=

x=
+
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F'igure 8. Decrease 'in mean ln Si'ìica per individuaì ldeyprechtia over
tìme for all the 1986 starvat'ion experiments combined. Dots
are the means at each time period, the bars are the 95 %

confidence interval, and the numbers below each bar are the
number of amphipods sampled at that tjme.
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and l,lyman 1983). If the gut emptÌes exponentjalìy, then there should be

a level'ling off in the amount of fecal materiaì produced over time. In

two of the three starvation experjments in which feces were collected at

each time, there is a significant lÍnear correlat'ion between the amount

of feces produced with time, rather than a clear levelling off. The

coefficients of determination for the two l'ines equaì 0.783 (n=11,

p < 0.05) and 0.710 (n=7, p < 0.05).

3). Ass"imiIation

a) S j l'ica:chìorophyl I :dry weight rat'ios

The relat'ionship between silica and dry weight for sub-ice aìgae

was determined on May 8, 1985 and May 3 and 19, 1986. The 1985 sampìes

gave a sìlìca:dry we'ight ratio of 0.094 + 0.005 (n=4) (Tab'le 2). 0n May

3, 1986 the average ratio of s'ilica:dry weìght was 0.110 + 0.006 (n=7)

The results for May 19 were s'imilar (Tab'le 2), wjth an average

silica:dry weight ratio of 0.I07 + 0.004 (n=8).

Us'ing both the 1985 and 1986 resuìts gave an overal I s'il ica:dry

we'ight ratio of 0.105 + 0.004. Th'is corresponds weì'l to the ratio of

elemental sill'ca to dry weight of between 0.1 to 0.3 determined for

"typìcal p'lankton d jatoms" by Paasche (1980b).

The dry weight:ch'ìorophyìl ratjo was 156.70 + 22.S0 on May 3, 1986,

and lll.77 + 8.18 on May 19 (Tab'ìe 3). These two means are signifìcantly

different from each other (t-test p < 0.05) (Soka'l and Rohlf 1969),

perhaps jndicatìng that the amount of chlorophylì per unit weight

'increases as the season progresses.



ïable 2. Si ì i ca to dry wei ght
(A), ttay 3, 1986 (B)
for each date t the

ratìos for sub-ìce aìgae, May 5, 1985
and May 19, 1986 (C). Ihe mean is gìven

95% conf idence 'interval .

No. Aì gae Dry
tlt. (mg )

ïotaì mg

S'il'ica Si : Dry |.lt.

i
?

3
4

4. 19
8.62
8.?6
8.12

0.409
0.788
0.7 79
0.7 49

2. 558
5.571
4. 046
4. 366
3.667
3.291
3.729

0.3 12
0.328
0.342
0. 325
0. 325
0. 319
0.293
u. 332

Al I dates

0. 098
0.09 1

u.094
0.091

0.094
0. 005

0.104
0.107
0.103
0. 106
0.118
0.111
0. t19

0.110
0. 006

0. r04
rJ. 109
0. 1i4
u. 108
0. 108
0.106
0.098
0.111

0.107
0.004

0. i05
U. OU4

x=
+

'l

2

3
4
5

6
I

24.66
52.01
39.46
4i. 16
31.08
29.70
31.28

3.00
3 .0tl
3. 0u
3 .00
3.00
3.00
3. 00
3.00

x=
1

i
2

4
Â

6
I
8

x=
?

x=
?
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Tabl e 3. Dry weight: chì orophyl ì
cleterm'ined on May 3 (A)

rel ationshì p for sub-ice aìgae
and May 19, 1986 (B).

No.
Dry Weight

(us) ug Chl Dry l^lt. :Chl

1

2

3

TL

5B2rì

5820

5820

5820

5820

5820

5 82n

3000

3000

3000

3000

3000

3000

3000

3000

3000

41.10

44. 55

43. 00

?Â n7

37.22

38. 70

3n.30

32.2s

26.28

28. 65

27.05

24.68

28.65

27 .05

23.08

?5.88

141.61

1 30. 64

135.35

161.35

186.42

1 50.39

1q1.08

1 56. 70
! 22.35

93. 02

1 14. 16

Iot.71

1 10. 91

121.56

1 04. 71

110 . 91

r29.98

115 . 92

5

6

r=

1

?

4

5

6

1

I

9

x = II7.77
t 8.18
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b) Ass'imi I atìon Eff iciency

Attempts to measure assimi latìon ef f jciency for l,leyprecht ja were

not successful (Table 4). 0f the 33 measurements made, onìy three gave

s'iljca to dry we'ight ratio greater than that found for the a'lgae.

Assimilat'ion eff jciencjes for those three values are: 45.9, 37.1 and

45.0 %

Growth and Life Cycle

1). Cohort Analysis

The length-frequency h'istograms (Figures 9 and 10) for each month

show two d jstinct cohorts of Weyprechtì'a, juveni les and adu'lts. The

exceptions are Ju'ly 1985 and March 1986, in which a third group of 'large

anjmals appeared. These groups were separated from the other adults

using "Cassie curves" (Figures 11 and 12). Many of the ìarge Weyprecht'ia

in March 1986 were females w'ith oosteg'ites, modified appendages which

form the brood pouch,'ind'icating that they are sexually mature and able

to carry young (Steeìe 1967). Th'is cohort was not present after March,

as they probably d'ied. Weyprechtia's lìfespan therefore appears to be a

maximum of 24 to 26 months.

Two females caught 'in mid January, 1986 were carryìng unhatched

young. One (head length 2.32 nn), was carrying 135 young. The other,

(head ìength 2.09 mm), had 58 young jn the brood pouch. The young were

all still enclosed in a membrane but appeared well developed wìth a

d'ist'inct head, appendages, and large eyes. Because free-ì iv'ing young

were caught under the ice in March, they must be released sometime

between mjd January and March.
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Table 4. calculat'ion of assimilation efficiencies for adult
t'Jeyprechtia, 1986. For the first six dates listed, des.ignated
wìTñ'-a T-,-Teces were cor r ected from animal s heì d fór otherpurposes (e.9. r^espiratìon), and wene pooled together. For
May 31, June 10 and June lg, feces were coìlectãd over the
course of the starvat'ion experirnents. The sil ica:dry weightratio fon algae is 0.105.

Da te
Time of

Col I ection
Feces

Dr"y t,lt . (rg )

Feces
Sì : Dry l^ft.

Assim.
tffi ciency

ïota l
ug si

May 14 (P)
May 19 (P)

May 20 (P)

May 21 (P)

May 23 (P)
June 9 (P)

May 31

127.04
408.64
2I0.24
328.64
448.32
583. 36
28?.40
485.44
162.68

1q.84
25.7 6
37.76
59.52
41.60
47 .68

39.84
34. 86
68. n6
9?..96
89. 64

717.22
132.80
167 .66
94.62
86.32

747 .7 4

33. 08
?Ã oo

59. 54
87.26

146.79
t25.37

0. 030
0.194
0.167
0.045
0.045
n.191
0.071
0.097
0.079

0.013
0.005
0.072
0.030
0.019
0.028

0. 017
0.01 3
0. 033
0.023
0.020
0.033
0.027
0.030
0.027
0.012
0.019

0.025
0.02t
0.022
0.039
0.041
0. n35

45.9i"

'!_!r
45.0%

June 10

June 18

t hr.
2 hr.
? hn

4 hr.
6 hr.
B hr.

t hr.
1 .5 hr.

2 hr.
3 hr.
4 hr.
5 hr.
6 hr.
7 hr.
I hr.

10 hr.
12 hr.

t hr.
1.5 hr.

2 hr.
4 hr.
6 hn.

10 hr.

4.23
2.11
1,26
7 .37
9. 99
3.05
3.97
5.n?
2.o7

1 .56
5. 64
?n7
?_.0L

2.24
1.68

2.34
2.75
2.07
4.10
4.44
3.40
5. 01
5.68
J. b5
7.20
7.62

1. 30
r.72
2.75
2.22
3. 54
3.60
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F'igure 9. Head length frequency histograms for Weyprechtia: May 4,5
and 7, June 5 & 6, and July 3 & 10, 1985.



38.
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F'igure 10. Head I ength -
28 & 29, Apri'l
July 26 & 30,

frequency hi stograms for l.leyprechti a: March
24, l4ay 26, 27, 29, & 31, June 25 & 28,

and August 22 & 25, 1986.
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Figure 11. The Cassie curve for adult and juvenile Weyprecht'ia,
Juìy, 1985 (origi nal ly plotted on probabi l'ity paper) .

Poìnts of jnf lect'ion in the curve, taken at 30 and 77 %,
are used to separate cohorts or groups. The average head
ìength for each group is read at the ìntersection of the
plotted l'ines (open circìes) and the 50 Í vert'ical l'ine.



Head Length (mm)

NÞo)cDO

5

th

o)

a.aa____o_a.aa

tô

'¿þ

a

'l
!\
\\

i\
\\t

I

\Ì



43.

F'igure 12. The Cassie curve for adult and juveniìe lleyprechtia,
March, 1986 (originaììy pìotted on probab'ility paper).
Points of inflection in the curve, taken at 14 and 86 %,
are used to separate cohorts or groups. The average head
length for each group is read at the jntersect'ion of the
pìotted lines (open circìes) and the 50 % vertical line.
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For each month, a mean head length was calculated for both the

adult and juven'lle cohorts of f{eyprechtia (Tab'le 5). When these means

are plotted for 1985 and 1986, the overall pattern of growth can be seen

(Fìgure 13). Growth proceeds rap'idly jn the spring and summer season for

both juveniles and adults and levels off in the fall and winter.

Head lengths for each month were converted to dry weights using the

length - dry we'ight re'lationship (F'igure 14). The means for each month

are given in Table 6. A pìot of these mean weights over tjme for both

1985 and 1986 (Figure 15) shows a similar pattern of increase to that of

head 'length.

The increasein head ìength over tjme for the 1986 adults appears

to be ljnear (Figure 16). The coeffÍcjent of determination for the

regress'ion equals 0.945. The three means obtained ìn 1985 for adult head

length fall well w'ithjn the 95 % confjdence limits about this line. As

welì, anaìysis of covariance, us'ing a model to test the heterogeneìty of

sìopes (SAS Institute 1982), showed no significant difference between

the slopes of the 1985 and 1986 lines, if each was p'lotted separate'ly

(p t 0.16). Combining the two years data gives the line: J = 0.005x +

,
1.064 (r'=.903, rì=9, p < 0.001). The increase'in adult dry weìght

appeared curvjl'inear in initiaì plots, so a semi-ìog l'ine was used to

model growth. Agaìn, the 1985 data falls w'ithin the confidence limjts of

the semi-log regressjon (Figure 17), and analysis of covarìance showed

no sign'ificant difference between the slopes of the 1985 and 1986 l'ines

(p r O.46). Combining the 1985 and 1986 data produces the line: log y =

0.004x + 0.442 (12=.913, n=9, p < 0.001).

For juveniles, the'increase ìn head length over tjme for 1986 also

appears I inear (F'igure 18). The coef f jcient of determinat'ion for this
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Table 5. Mean rnnthìy
juvenìle (A)

head ìengths
and aduìt (B)

t tne 951 confìclence interval for
t'Jeyprechti a , 1985 and 1986.

Month 1985 1986

A

Ma rch

April

May

J une

Ju ìy

Au gu st

B

March

Ap r''i ì

May

June

July

Au gu st

n \h +

n 7Q +

1 lìÃ +

r.52 t
1 7? +

I U< +

0.03

0.01

0.04

u.02

0.02

0.04

0.43 I

0,49 f

0.64 !
n 7Á +

1.02 t
I.22 t

0.01

0. 03

0.03

0.03

0.03

0.02

30

142

190

80

1.53 t
2.15 f
1.56 r

| /u 1

1.88 i

2.li t

2.07 !

0.03
0.07

0.02

0.03

0.05

0. 1i

0. 09

2L

L¿

44

JJ

57

62

i15
?3*

L2L

I16

91

23

38

* represents the two-year old cohort
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F'igure 13. Mean monthìy head ìengths for adult and juveniìe
Weyprechjta, 1985 and 1986. The cjrcles represent a

conort born 'in the spring of 1984, the squares represent
a cohort born in the spring of 1985, and the triangles
represent the 1986 cohort. Lines are fjtted by eye.
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Figure L4. The head 'length - dry weight relationship for adult and
juveni le l,leyprechti a.
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ïable b. Mean monthìy
juveniìe (A)

Month

weì ghts t the 95Ë conf idence 'interval f or
adul t (B ) l{eyprechti a, I985 and 198ô.

1986

dry
and

1985

A

Ma rch

April

May

June

Ju ìy

Au gu st

B

Ma rch

Aprìl

May

June

Juìy

Au gu st

0.20 r

0.67 t

1.84 f

0 .04

0.06

0.?6

6.60 r 0.45

10.15 r 0.57

14.70 ! t.23

30

u.09 f
0.14 t
0.35 I
0.64 f
I.70 r

2.97 t

0.01

0.04

0.05

0. 13

0.2I

0. 21

?L

L?

44

57

62

ii5
?3*

TzT

116

>L

23

38

142

190

80

6.8U t
20.61 j

, th ?, t LJ ¿

1l .43 I

i3.66 r

2tJ.29 !

19.47 !

0.47
2.b7

0. 50

0.92

I.4?

3.97

3. 50

* represents the two-year old cohort
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F'igure 15. Mean monthly dry weights for adult and juveni ìe l,Jeyprechtia,
1985 and 1986. The circles represent a cohort boiñ in tle
spring of 1984, the squares represent a cohort born jn the
spring of 1985, and the triangles represent the 1986 cohort.
Lìnes are fitted by eye.
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Figure 16. The relationshipe between head length and Julian date
for adult Weyprechtia, 1986. The dashed lines are the
95 % confidence interval about the line. The squares are
the means obta'ined in 1985. The lines were fitted by
computer regression (SAS Inst'itute 1982).
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Figure 17. The relationsh'ip between dry weight and Jul'ian date for
adult l,Jeyprecht ja, 1986. The dashed I ines are the 95 %

confidence interval about the l'ine. The squares are the
means obtained in 1985. The l'ines were fitted by computer
regress'ion (SAS Inst jtute 1982).
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Figure 18. The relat'ionsh'ip between head length and Julian date for
juvenile Weyprechtja, 1986. The dashed l'ines are the 95 I
confidence jnterval about the I ine. Squares are the means
obtained in 1985. The l'ines were fitted by computer
regress'ion (SAS Insti tute 1982) .
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ìine equals 0.962. The means for 1985 fall well within the 95 f
confidence interval around th'is l'ine (Figure 18). As wel'1, anaìysis of

covarjance indjcated no significant difference between the slopes of the

i985 and 1986 ljnes (p > 0.13). Combin'ing the two years data gives a

straight lìne regresjon of Y = 0.006x - 0.128 (12=.936, n=9, Þ < 0.001).

The increase in juvenile dry weight over tjme d'id not appear to be

linear in initiaì plots, so, as with the adults, a semi-ìog line was

used to model this growth. lihen the 1985 data was plotted on this l'ine

(Figure 19), two of the three points fe'lì outsi'de of the 95 % confjdence

interval. Ana'lysis of covariance indicates that there is a s'ignif jcant

djfference between the slopes of the 1985 and 1986 lines (p.0.05). For

1985, the regressjon ìs: log y = 0.015x - 2.600 (12=.998, ñ=3,

p < 0.05), wh'ile for 1986, the line is: log y = 0.01Ix - 2.017

rì=6, p < 0.001).

For adult and juvenile head lengths, the slopes of the lines equal

the rate of jncrease per day over the spring season. For adults, this

rate equals 0.005 + 0.002 Ím per day, wh'ile for juveniles, 'it equaìs

0.006 1 0.002 mm per day. For both adult and juvenile dry weìght, the

s'lopes of the semi-log lines represent the instantaneous coefficient of

growth (Chapman 1971). For adults, this slope equaìs 0.004 + 0.001, or

an increase of 0.4 ?4 of body dry weight per day. For juveniìes 'in 1985,

the sìope equals 0.015 + 0.001, for an 'increase of L.5 % of body dry

weight per day. In i986 the sìope is sl jghtly ìower, equa'lì ing 0.0i1 +

0.001, g'iv'ing an increase 'in body dry weight of I.I % per day.

2). Moìtìng

0f the total of 51 Weyprechtia kept for the long term moìting

( r2=.995 ,
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Figure 19. The relatjonsh'ip between dry weight and Juljan date for
juvenile Weyprechtia, 1986. The dashed lines are the 95 I
confidence interval about the line. Squares are the means
obtained in 1985. The ljnes were fitted by computer
regression (SAS Instjtute 1982).
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study, only 7 survived for the entire 125 day period (April 23 to Aug.

25). Due to rep'lacement,25 an'imals were alive at the end of the

experiment - Ll adults and 8 juven'iìes.Observations on the ten extra

adults were all begun prior to May 15 so these animals spent at least

103 days in captivity. The 8 juveniles were all captured on June 11 and

so were held for 76 days.

0f the Weyprechtia adults ìn captivìty after May 15, 15 molted

twice, 11 molted once and 11 d'id not molt at all. 0f the 11 wh'ich did

not molt, t had died before the end of the experiment.

For both adults and juveniles, molting took pìace at roughìy two

t'imes, at the end of l'lay and early June, and at the end of Juìy and

earìy August (Figure 20). Almost all of the anjmals which molted twjce

did so within these two perl'ods. A chi-square test'indicates that molts

were s.ignificantly clumped in t'ime, not evenly distributed over the

period of captivity (p . 0.005) (Sokal and Rohlf 1969).

The average ìength of time between molts for the animals which

molted twice was 57.3 days + 2.4 days (Table 7). The range of the

intermolt interval was 38 to 66 days. The average head length of the

first mo'lt (for the two molt an'imals on'ly) was 1.62 ! 0.09 rnm, while the

average head length of thejr second molt was 1.78 + 0.09 mm (Table 7).

Growth rate calculated from the increase ìn molt head length over the

intermolt period equaìs 0.003 1 0.001 mm.day-l.

0f the 8 juveni'le Weyprechtia kept, 6 molted w'ithìn the two week

period between July 28 and Aug. 11 (Tabìe 8). The average head length of

the juvenìle exuviae was 0.95 + 0.08 mm. Thjs is close to the average

head length for juveniles of 1.02 + 0.03 rnm found at the end of Juìy

1986.



F'igure 20. Number of molts over tjme for adult and juveniìe
Weyprecht'ia in the long-term molting experiment.
a represents the start of the experiment, V jndicates

the end poÍnt.
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Tabl e 7. Mol t i ntenval , dates of moì tì ng, and
adult Weyprechtia which moìted tw'ice

exuvia head ìength for 15
while ìn capt'ivìty.

No.
Days Between

Mol ts
Date of

Fi nst Mol t txuv'ia Head
(mm)

Date of
Second Molt Exuvia Head

(mm)

1

2

I2

i3

14

1B

21

24

27

34

36

37

3B

39

5B

64

61

5B

54

5i

o1

38

OJ

49

66

56

51

66

5 7.3
2.4

15

June 9

May 26

May 28

May 28

June 9

June 28

June 14

June 4

Juìy 14

June 2

June 9

l{ay 26

June 9

June 14

May 30

1.49

m.v.

1 À1I¡+I

r.67

1 .66

r.47

1.68

1.93

1 A1

l.oo

1 71
L.I !

m. v.

1.53

t.7I

1.80

I.62
nno

August 6

Juìy 28

July 31

July 28

August 6

August 2I

August 4

August 4

August 21

August 4

Juìy 28

Juìy 31

August 4

August 4

August 4

I .66

1 7?

1.55

1.91

I.7 4

1 .50

1.7 0

2.74

r.7 6

I.75

1.85

1 .91

1.7 5

1 .90

1.96

1.79
0.09
15

;-
+

n=

X=
I

n=

r=
t

n=

m.v. = mi ssi ng val ue
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Tabl e 8. Molt dates and head lengths for 6 juvenì ì e f{eyprecht'ia whi ch
moì ted whì le i n captì vi ty.

-:-_:--
Anìmal No. Date Mol ted Exuv'ia Head Length

(mm)

29

33

35

16

32

I1

Juìy 28

Ju'ly 3I

August 4

August 4

August I
August l1

0.96

0. 94

0.82

I .01

I .04

0. 94

0. 95

0.08

x=
+
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A total of L7 adult exuviae were dried and weighed. The average

exuvia weight was L.74 + 0.31 mg (Table 9). This corresponds to an

average of 21.8 f of the body dry weight.

Respìration

Average drop in the 0, concentrations of the experimental bottles

'in 1986 was 15.6 % relat'ive to the control bottìes, in which

concentrations ranged from 10.56 to t2.t3 mg 0Z.l-1. These are normal

concentratjons for sea surface waters in this area. For example, the

control 0, concentrat'ion on May 26, 1986 was 10.56 mg.l-1. A vertical

series done that day had an average 0, concentration of 10.47 mg.ì-1

over 2, 3, and 5 m. (8. lllelch, unpublished data).

In 1985, respiration rate averaged 1.038 + 0.057 mg

-1 -10Z.g dry wt. '.hr ' for the July 11 experiment, and 0.758 + 0.140 mg

-1 =10r.g drv wt. ^.hr ^ on July 26 (Tab'le 10). The Juìy 26 values may be

unreliable, as there were onìy 5 l4eyprechtja per bottle, wh'ile in al I

other experiments, 10 were used. Over the four hour period, 0,

concentrat'ion in the July 26 bottles dropped by only 0.98 mg.l-1, a drop

of 9.4 %.0n all other occasions, 0, concentrat'ions dropped by between

1.5 to 2.0 mg.l-1.

Respiratjon rate for adult Weyprechtia jn 1986 ranged from a low of
_1 _1 _1 _1

0.787 mg 0Z.g dry wt. ^.hr'to 1.060 mg 0r.g drv wt. '.hr'(Tabìe 10).

The low value, which was the average of three replicates on May 17, is

well outside the 95 % confidence intervals of the other five

experiments. The next lowest value is 0.952 mg 0r.g drv wt.-1.hr-l.

Excluding thìs low value, the average resp'iration rate for the 1986



Table 9. Exuvi ae head
l{eyprecht ì a.
ì ength-wei ght
length as the

ìengths and dry weights for 17 aduìt
Ani maì dry we'i ghts are cal cu ì ated f rom the
relationsh'ip for an animal having the same head
exu vi a.

Exuvi a Head
(nm )

Exuvia Dny Weight
(mg )

Ani mal Dry We'ight
(mg )

txuvia as % of
Animal Dry ì'.Jeight

1 .66

1.71

I .6s

1.53

1. 56

1 .64

i.46

1.72

1. 57

l. 69

1 .65

i.41

1. 93

1. 66

T.7I

r.53

2.41

r .55

1. 30

r.23

r.25

2.08

r.25

1.48

2.12

ù. 92

I .88

1.67

i,07

3.4i

2.0r

2.2r

1.80

r.7 4

8.30

9.17

8.13

6.?.9

6.72

7 .96

5. 36

7 .17

e. 36

6.86

8. 82

8.13

4.76

13.84

8. 35

9.24

Á??

;=

29.0

16.9

i6.0

19. 6

18.6

26.1

23.3

20.6

2?.6

13.4

2r.3

?0.5

?2.5

24.6

?4.L

23.9

?8.4

21.8X=

r 0.31 t 2.2
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Table 10. Average respiration nates t the 95% confidence interval for
adult Weyprecht'ia, 1985 and 1986.

Ex per iment
Date

No. of
No. of Amphì pods
Bottl es Per Bottl e

Resp'i çatì on Rate

hr-' hr-'

Ju'ly 1 1, 1985

Juì y 26 r'

May 7, 1986

May 17 'l

May 23 r'

May 29 ''

June 9 rr

June 16 rl

5

5

6

6

5

5

5

10

5

10

10

10

i0

10

10

1.038 t
NTEQ+

1.060 t

0.787 r

1.011 r

nQq2+

0.990 !

1.02i I

0.964 t
40

0.057

0. 140

n.081

0. 040

0.07n

0.077

0.n72

0.101

0.03q

0.015 r 0.002

0.013 r 0.005

0.n10 ! 0.002

0.008 t 0.000

0.012 ! 0.001

0.011 ! 0.001

0.013 r n.001

0.013 t 0.001

0.012 r 0.001
40

r=
n=

X=
n=
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experjments 'is 1.007 + 0.050 mg 02.g dry *t.-1.hr-l.

Respiration rates on a per individual basis are less variable than

those on a per gram dry weight basis (Tab'le 10), and ranged from 0.008

to 0.013 mg 0r.amphìpod.-1.hr-i'in 1986, and from 0.010 to 0.020 mg 02.

amphìpod.-1.hr-l.'in 1985. The overal'l average i'n 1986 was 0.011 mg 0r.

amph'ipod.-1.hr-l (f 0.001, n=30), and in 1985 was 0.015 mg 0r.

amph'ipod. 1.hr-1 (f o .002, n=10).

Respiration rates for both years combìned were positive'ìy

correlated with amphÍpod s'ize. The relatjonshjp between respiration rate

and animal size is often expressed 'in the form: rate = a.wejghtb, or ìog

rate = ìog a + b ìog weight, where b =0.75 (Kleiber 1975, Grodzinski et

al. 1975, Lavigne 1982). This relat'ionsh'ip for l.leyprechtia is: ìog rate

(,ng 0Z.Amphipod-1.hr-1) = -2.741 + 0.752 log dry weight (mg) (r2=.569,

p < 0.001) (Fìgure 21).

As found for other animals such as copepods (e.9. Bamstedt and

Tande 1985), the weight-specìfic resp'iration rate decìined relatìve to

'increasìng body weight (Figure 22). The sìope 'is signif icant'ly d'ifferent

from 0 (p.0.05), although the coeffic'ient of determination'is weak

(r2=.125) .
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Figure 21. The relationship between respiration rate and mean
indiv'idual dry weight for aduìt Weyprechtja, 1985
and 1986 combined.
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Fìgure 22. Ihe relationship between weight - specific respirat'ion rate
and mean individua'l dry we'ight for adult Weyprecht'ia,
1985 and 1986 combined.
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DISCUSS ION

Feedinq and Assimilation

As'ind'icated in the results, there is little d'ifference between a

straight line and a negat'ive exponential curve for the estimates of

silica clearance in the starvation experiments. Th'is was also found for

the only other amphipod (Ganmarus pseudolimnaeus) for whìch the

starvation method has been used (Marchant and Hynes 1981). In that

study, as jn thjs one, the exponentia'l was used to simpìify the

calculat'ion of ingest'ion rate.

The negative exponential curve has been found to hold for a number

of copepod spec'ies (Dagg and l.lyman 1983, Tande and Bamstedt 1985, Wang

and Conover 1986, Head 1986, Kiorboe and Tiselius 198/), but more

experìments should be done to see if jt holds equaìly as well for

amphÍpods. As welì, more work is needed to determine the effects of

starvat'ion on gut passage. For exampìe, Dagg and l,lalser (1987) found

that gut passage in copepods was constant at or above a certajn food

concentration, but that it slowed dramatical]y at lower food

concentrat'ions. Kiorboe and Tisel'ius (1987) also found gut clearance

rates for the copepod Acart'ia tonsa were reduced ìn the absence of food.

This may also be true for amphìpods. Hargrave (1972) found that

starvation'in the amphipod Hyalella azteca resulted in reduced rates of

gut cìearance. Bärlocher and Kendrick (i975) found a large difference in

gut passage time for the amphipod Gammarus pseudolimnaeus when given

food and when not. During starvation the gut stiì'l contained food after

many weeks. Given a negative exponential evacuation curve, the gut
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should never compìeteìy empty.

It is difficult to assess the signifìcance of the feeding rate

obta'ined for tleyprechtia of 22.44 + 3.41 ug Si.arnphipod-1.Our-1, as

there are no simjlar results for any arctic amphipods with whjch to

compare this value. Using the si j ica:dry we'ight rat'io calculated in this

study, th'is ingestion rate coresponds to an average of 213.60 + 32.40

ug dry weìght algae.amphipod-1.day-1, of an average of 2.7 % of the body

dry weight per day for the average size amph'ipod used in the starvatìon

experiments. This rate seems ìow, as the smaller marjne amphipod

Anìsoqammarus pugettensjs consumed 2I.2 % of its body weight per day at

a temperature of 100 (Cnang and Parsons 1975). An adult male Gammarus

pseudolimnaeus consumed 10.7 mg dry weight of natural food per day at

00, or 80 % of its body dry weight per day (Marchant and Hynes 1981).

However, this stream-dwelìing amphipod ingests sand as well as detritus,

and sand made up over half of the gut content dry weight (Marchant and

Hynes 1981).

In some experiments with copepods, results have been compared w'ith

those obta'ined from direct feeding experìments. K'iorboe et al. (1982)

found that the two methods gave the same results for Centropages

hamatus. However, in their experìments with the copepod Temora

Iongjcornis, t{ang and Conover (1986) found ingestion rates determ'ined

from starvatjon experiments to be lower than those determined from

grazìng experìments. This difference was thought to be caused by

undetected loss of thejr marker (chlorophyìl) ìn the gut. They later

determined that ch'lorophylì can be destroyed or absorbed during gut

passage (Conover et al. 1986). The use of s'ilica as a marker in my

experiments should have avoided th'is problem.
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However, the use of s'ilica as a marker to measure feeding rate

assumes that the amphipods are ingest'ing the entire diatom frustule.

Thìs may or may not be the case. Frustules appeared jn the gut contents

examined, but these could have been only the upper or lower half of the

compìete frustule. If the entire frustule is not eaten, then ingestion

wìll be underestimated by this method. Ingestion wjll ajso be

underestimated jf the amphipods selectively feed on the non-diatoms 'in

the sub-ice aìgae. In most cases, though, the diatom community

"overwhelmi ng'ly exceeds" the non-di atoms (Hsi ao 1980) , so Weyprecht'ia

woujd have to be extremely selectìve in order to make non-diatoms a

ìarge part of its diet.

Select'ive feeding, if it occurs, wi'll also affect the assimjlation

results, leading to an underest'imate of ass'imilation effic'iency (Conover

1966). Even if feeding is not select.ive, some s'ilica could be lost as

parts of frustules during the feeding process. This again would lead to

an underest'imate of ass'imi I ation.

3ne assumption of the ratios method of measuring assimi'l at'ion i s

that all fecal materjal 'is derived from the food (Johannes and Satomi

1967). Amphipods, however, encìose their feces 'in a peritrophic

membrane, whìch is derived from assimilated materiaì, and not from food

'in the gut (Lautenschlager et al. 1978). Thìs membrane adds a small

amount of wejght to the feces, and so wjll contribute to an

underestimate of assimi lation.

In the attempts to measure assimilation Ín this study,it is clear

that at least one of the above factors may have occurred, as the

s'ilica:dry weight ratios found for the feces were genera'lìy smaller than

the ratio determ'ined for the algae. However, I beljeve that fhere was
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also an error made'in the method which resulted in lower amounts of

silica be'ing extracted from the feces than should have been possible.

The peritrophic membrane of amphipod feces ìs composed prìmarì'ly of

ch'itin (Lautenschlager et al . 1978), within wh'ich fecal material is

tightìy compacted. Fecal peììets, therefore, should have been ground up

or digested before the sjlÍca analysìs to allow all the sil'ica present

to be released into solution during the hydrolysis. In some experiments

fecal material appeared somewhat jntact after the analysjs.

Some evidence that siljca was left in the peììets can be seen in a

comparison between the silica anaìys'is of the pooled samples and those

from the starvation experiments (Tabìe 4). In the pooìed feces, an

average of 337.42 ug sìljca was found per sample. These sampìes sat 'in

the NaOH soiutìon for an average of 12.7 days prior to analysis. Ïhe

samples from the starvatjon experiments soaked on average for only 5

days and contained a mean of only 79.86 ug sil'ica. The'longer waiting

period appears to have allowed more silica to be released from the

pel'lets.

Loss of sìlica from the pelìets to the seawater during the course

of an experiment does not seem ìikely. Tande and Slagstad (1985) found

no evjdence of sil'ica "leaking" from copepod feces even after the

pei'lets had been suspended'in seawater for 34 hours. Concentratìons of

silica ìn the water taken from the starvation chambers at the end of the

experiments were no hìgher than surface seawater concentrat'ions taken on

or about the same day.

Due to the failure of th'is method of measuring assim'ilatjon and the

probable underestimate of ìngestion rate by the starvation method, the

true rate of feeding by Weyprechtia remains unknown.
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Growth and Life Cycle

l.leyprecht'ia's growth and ìife cycìe patterns are similar to those

reported for some other arctic amphipods which also have two year life
cycles. Weyprecht'ia contjnues to grow during the winter months, as does

the Arctic amphipod 0n jsimus qlac'ial is (Griff iths and Di I I inger 1981) ,

but at a slower rate than during the spring and surrmer (Figure 13).

Embryon'ic growth and development also takes p'ìace during the wjnter,

since females wìth fajrly well developed young were caught in January.

Although no animals were caught during the fall months, breeding

must occur at thjs time. Breeding probably takes pìace over a fair'ìy

short period, so that the release of young can be more precisely timed

to co'inc'ide with jncreasing food abundance ìn spring. This has been a

suggested strategy for arctic organisms in generaì (Dunbar 1957), and

arctic amphipods 'in partÍcular (Steele 1967, Steele and Steele 1975b).

Embryonjc development times have been determined for two species of

arctìc amphipods. Gammarus wilkitzkii was calculated to requ'ire 123 days

at 0o while G. setosus would require 117 days at 0o (Steele and Steele

1975b). If a s jmilar time period is needed by l.Jeyprecht ja, then breed'ing

would have to take pìace jn late 0ctober or earìy November to have young

released by late January or earìy February. Gravid females of the

amphipod Onisimus glacialis were found in November in the waters off

Aìaska, and were thought to breed between September and November

(Griff .iths and D'il I inger 1981).

To compensate for producing a sìngle brood, some amph'ipods produce

ìarger eggs and may aìso produce more embryos per fenaìe than amphipods
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which produce mu'ltiple broods (Steele and Steele 1975b). The arct'ic

gammarids Gammarus wilkitzk'i'i and G. setosus, for exampìe, produce from

90 to 250 young, and from 40 to 150 young respectiveìy, while more

southerìy species of Gammarus produce from 5 to 110 young per brood

(Steele and Steele 1975b). The two gravÍd l,{eyprecht'ia seen in January

were carrying 58 and 135 young each, wh'ich is very close to the range

for Gammarus setosus, even though Weyprechtja'is a smaller animal.

To produce and carry such large broods, female l{eyprechtia may grow

to a larger sjze than males. Some of the larger anìmals caught were

found in late March, and were females with oostegites. These animals had

probab'ly recently released young.

It is not possible to sex younger Weyprechtia, so'it could not be

determ'ined whether males and females grew at d'ifferent rates. There ìs

some evidence for differential growth rates. The ìength-frequency

histogram for July 1985 shows a bimodal peak for the aduìt animals,

confirmed by a Cassie curve (Fìgure 11) wh'ich could represent males

females. No bimodal peaks were seen Ìn the 1986 graphs, probably due

the low numbers of adults caught jn Juìy and August. However, the

absolute s'ize range of the animals did increase over 1986. In March and

Apriì 1986, the difference'in head'length between the largest and the

smallest adult was 0.52 and 0.54 mm respect'iveìy. By August of that

year, that difference had jncreased to 1.26 mm.

Because a differential growth rate for Weyprechtja could not be

determined, the energy requìred for growth must be assumed to be equaì

for the two sexes. If females are grow'ing faster than males, they will

be putt'ing more energy ìnto growth and require more calories than males.

Further energy is also required by the females for reproductive effort

and

to
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in the form of eggs.

However, 'it should not be assumed that female I'leyprechtia wi I I grow

to be'larger than males. In some amphìpod specìes, males grow faster and

attain a larger final size than females. This occurs'in some gammarid

species: Gammarus oceanicus and G. sal'inus from the 0s'lofjord (Skadsheim

1984) and Chaetogammarus marinus in Denmark (Leinweber 1985).

Moltinq

Very 'little information is avajlable on molting patterns of arctic

amphipods. The onìy other spec'ies that has been studied js Gammarus

setosus. Steele and Steele (1975b) found that jt took 13 molts for thjs

animal to reach maturity and that this required, on average, 317 days

for males and 346 days for females. This produces an average intermolt

period of 24 days for males and 27 days for females, much shorter than

the 57 day interval observed for l.leyprechtia ìn this study. If
l,leyprechtia continues to molt at a roughìy two month interval aìl year,

it would take 10 or 11 molts before they became mature, assumjng their

first molt is jn March of the year they are born, and that they mature

'in September or October the fol'low'ing year.

Molting in the captive lJeyprechtja 'in th'is study appeared to be

somewhat synchronous. This ìs probabìy the result of the short breedìng

time postulated above, wh'ich would lead to a short period in which all

young are released. Since they al ì appeared to grow at simi'ìar rates,

molting should be fairly synchronous, 'if jt is dependent on body size.

it is a'lso possible, however, that the condìtìons of captivjty

disrupted molting patterns. The animals held for the ìong term
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experiment were subjected to some stress'in the feeding and cleaning

activities.0f the 51 animals started in captivity, (at various t'imes -

the maximum number ever held at one time was 39) 26 dled and 2 were lost

during feedjng or clean'ing. 0f the 26 that dìed,6 dìed while attempting

to molt, which may ìndicate that mo'ìting jtself is a stressful activ'ity.

The animals which died spent, on average,35 days in captivjty before

they died.

Each exuv'ia represents a loss of assim'ilated energy to the anjmal .

In this case, the dry weight of each exuvia averaged 2L.8 % of the dry

weìght of the amphìpod that produced it (Tabìe 9). This percentage'is

higher than the average of 10 % of body dry weìght found for exuvjae of

Euphausia pac'ifica (Lasker 1966), and the average of 13 f of body dry

weight for the mysid Metamys'idopsjs elonqata (Cìutter and Theilacker

1971). No similar values have yet been reported for amphipods.

Resp'irati on

Respiration rates obtajned for Weyprechtja were lower than those

found by Opa'linski ( 1979) for Antarcti c amphipods. Resp'irat'ion rates for

6 Antarctic species ranged from 0.018 to 0.141 mg 02.jnd'ividual-1.hr*l.

However, three of those s'ix spec'ies were much larger than l,leyprechtja,

one averaging 162.8 mg dry weight. Adult l,leyprechtia average between 15

and 20 mg dry we'ight. The respiration rates determined for the three

spec'ies closerin size to Weyprechtia were 0.018, 0.026 and 0.027 ng

0r.amphipod-1.hr-1 (Opal insk'i 19/9). These values ,are closer to the

range of 0.008 to 0.020 mg 02.amphipod-l.hr-l found for Weyprechtia

(Table 10). Resp'iration rates determìned for the Arctic amph'ipod
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Onjsinus affinìs averaged 0.004 mg 0z.amphipod-1.tt.-1, for a slightly
L

smaller animal (10 mg dry weight) (Percy i980). The weight specific

respiration rate for 0. affinis was also lower, at 0.469 mg Ot.g dry
'tt

weìght-'.hr-'(Percy 1980), than the average of 0.964 mg 02.9 dry

-1 -1weight-^.hr-' found for l,leyprechtia'in this study.

The relationship between respiraton rate and amphìpod dry weight

for Weyprecht'ia (Figure 21) had a sìope, 0.752, very close to the value

found in a wjde variety of an'imals (0.75) (Kìeiber 1975, Grodz'inski et

al. 1975, Lavigne 1982). Ivleva (1980) found thjs slope ranged from 0.60

to 0.79 for a number of types of crustaceans, and that it generaìly

increased with decreasing temperature. The value of 0.75 has been

determìned empiricalìy from studjes such as these, and has so far no

theoretical bas js (Lav'igne 1982).

Because it was not poss'ible to separate male and female

hleyprechtia, differences in respiration rate between the sexes could not

be measured. If the females are not carryìng young, there may not be a

difference, as Opalinski and Jazdzewski (1978) found for sìx species of

Antarctjc amph'ipods. However, Klekowski et al. (1973) found that, on an

indjviduaì basìs, female amphipods (Paramoera walkeri) with eggs used

about five tjmes as much oxygen as d'id juveniles and adolescents. Female

t'leyprechtia with broods may aìso resp'ire faster than males, due to the

effort of carrying the extra weÍght of eggs or young.

In any measurement of respìraton, the effects of the experimenta'l

conditjons must be cons'idered. The actual method of oxygen measurement

should not affect the results. Four methods compared by Lawton and

Ri chards ( 1970) , i nc'ludi ng the lrl'inkl er method, were al 1 f ound "equaì ly

su jtable" for resp'irat jon measurements. It 'is in the handl ing and
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treatment of the experimentaì animals that differences w'ill arise.

In several studies, it has been observed that respiration rate

decreases during the earìy stages of an experiment (Bamstedt and Tande

1985). There are two possible expìanations for thìs.One'is that

,.li;:.r1.,..,,; starvation may be lowering respirat'ion rates. Ikeda (1977) compared fed

and starved animals of a number of zoopìankton species, and found that

repiratìon rate decreased with starvation. However, in another

,:.,,:;,,:, experiment, the effects of short-term starvation ('less than 24 hours)

were unclear (Ikeda and Dixon 1984). Ikeda and Djxon (1984) also
.:..-. ..,....:

ingest'ion rate in the krilI Euphausìa superba. They suggested that

specific dynamic act'ion, or the energy released through deaminatìon and

other processes, was the main cause of ìncreased respiration rate jn

these anìmals. If starvat'ion is the majn cause of lowered respiratìon

rates, then rates obtained near the beginning of an experiment wìll most

closely reflect natural rates. The decl'ine jn respiration rate over an

experìment could also result from a recovery from abnormally high rates

,,,:,;,,,,,r, generated by the stress of capture or the experimenta'l cond'itìons

t:::r::ì::::lì 
(Bamstedt and randg 1985).

' :...,. . .. :..',,':., Because the effects of stress are diff icult to assess, and to avoid

starvation effects, resp'irat'ion measurements on Weyprechtìa were made as

soon as poss'i b I e af ter capture.

I-t .--:....:i:.::.::.1 Amphìpods may have been less active ìns'ide the contaìners than they
:: t: r.1..:....'

would be outside, although they were observed to move about fa'irìy

constantly. As we1l, amphipods continually move thejr pleopods,

presumabìy to aerate their gilìs, which should result in only a small

djfference between a swimming and a non-swirnming animal.
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ENERGY BUDGET - SUMMARY

An energy budget can now be constructed for an indiv'idual adult

Weyprechtia, for the perìod from Aprìì to June, and a temperature with'in

+loofooc.

I ngest i on

Adult l.leyprechtia were found to ìngest 0.935 + 0.142 ug

Si.amphipod-l.hr-l (numbers following the + symbol are the 95 %

confÍdence interva'l). Using the silica to dry we'ight ratio of 0.105,

th'is corresponds to 8.90 + 1.35 ug dry weight aìgae.amphìpod-1.hr-1, or

213.60 ! 32.40 ug dry weight a'lgae.amphipod-1.duy-1. Using a caloric

value for diatoms of 4943 caì.gm dry weight-l, obtained by Cummins and

Wuycheck (1971) for Navicula ¡p., 1.056 + 0.i60 cal.amphìpod-1.duy-f i.

i ngested.

Growth

A'lthough adult growth was best modeled by a sem'i-'log regression

(12=.913, Þ < 0.001), ô linear regress'ion can be used equally as well to

obtain an average growth rate for the spring season (r2=.902,

p < 0.001). Using this regression, adult l,Jeyprecht'ia jncrease 'in body

weight at a rate of 0.105 + 0.030 mg per day. Two species of amphìpods

from Frobisher Bay (0n'is'imus littoral js and Gammarus setosus) contained

an average of 4.17 calories.mg dry weight-1 1e.r.y and F'ife 1981). Usìng

thjs as an approximate value for Weyprechtia, 0.438 1 0.i25

cal.amphipod-l.day-1 is being put into growth.
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Moltinq

The exuviae of two freshwater amphipods measured by Mathjas (19/1)

averaged 2.052 calorjes.mg dry weight-1. In this study, l.leyprechtia

exuviae averaged 1.74 ng in dry weight. Usjng Mathias' value, each

l{eyprecht'ia exuv'ia contajned 3.57 calories. Since the average intermoìt

period found for tleyprechtìa was 57 days,0.063 cal.day-l. are used by

adults in molt'ing.

Respi rat i on

The average respiration rate calculated in th'is study was 0.012 +

0.001 mg 0o.amphipod-l.hr-l. An average vaìue for converting the rate of'¿
oxygen consumption to rate of heat production is 3.38 calories. mg r fot

herbivorous animals (tlliott and Davison 1975). Using th'is value, a

respiration rate of 0.04I + 0.003 caì.amphipod-1.hr-l is obtained, or

0.984 + 0.072 ca1 .amph'ipod-1.duy-1.

Adding the costs of growth and molting gives a value of 0.501 +

0.125 caì.amphipod-1.duy-1 for iJeyprecht'ia's total production. Adding

the value calculated for respiration gives a total of 1.474 + 0.197
_1 _1

caì.amphipod-'.day-'. This is a m'inimum value for the total assìm'ilated

energy needed per day by an adult Weyprechtia during the spring season.

It may be hìgher for females, for example, as they also have to allocate

some energy for reproduct'ion. It also does not take into account the

energetic costs of the act'ivities of molting and locomotìon, and the

energy lost as soluble excretory products.

The ratio of production to assim'ilated energy js termed the

production efficiency or growth efficiency (Grodzjnski et al. 1975). For
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bleyprecht'ia th'is ratio equa'ls 0.34, ind'icating that 34 % of the

asslm'ilated energy is put into production of new tissue. This is close

to the average of 40.5 I found for other short-ìive poikjlotherms

(Grodzinsk'i et al . 1975). In genera'ì , po'ikilotherms wjll have higher

production effic'iencies than homeotherms, due to their lower metabolic

costs (Lavigne 1982).

The measured ingestÍon rate, at 1.056 + 0.160 cal.amphipod-1.dur-1,

is actualìy'lower than the value found for total assimilated energy-

Because the respirat'ion and growth results correspond fairly welì to

those found in other amphipods, it is probable that ìngestion has been

underest'imated, rather than that productìon ando. respìrat.ion have been

overestimated.

Because the ingest'ion rate measured here is lower than the value

for ass jmjlated energy, an assimi lat jon eff ìc'iency cannot be determ'ined.

As weìì, a value for egestion and excretion cannot be calculated.

Knowjng the true assimìlation efficìency, assuming the production and

respiration values are correct, wouìd indicate by how much ingest'ion has

been underest'imated. For exampìe, if the true ass'imilation efficiency

equaìled 40 %, ingesti'on would have to equal 3.69 cal.amphìpod-1.duy-l,

or approximately 3.5 t'imes the measured rate. If assimj lat'ion ef f ic'iency

was 60 %, then 'ingesti'on rate would be 2.46 cal -amphipoO-l.day-L, or 2.4

tìmes the measured rate, and jf assimi lation eff icìency was 80 %'

'ingestion would be 1.8 t'imes the measured rate-

The actual assimilatìon effjciency likely fails somewhere with'in

thìs range of values. Efficiencies found for other d'iatom-eating marine

crustaceans range from 50 ?( for the decapod Palaemonetes puqio feeding

on Nitzcllia closterium (Johannes and Satomi i967), to 86.4 % for adult
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Calanus hyperboreus feeding on Thalassiosira anquste-lineata (Tande and

Sìagstad 1985). Some assjm'ilation efficiencies have been determined for

amphipods feed'ing on varjous other types of food. Ganmarus pulex, for

example, had an ass'im'ilat'ion efficìency of between 30 and 40 f when

feeding on alder leaves. This low value probab'ly results from the

inab'iìity of the amphipods to utilize the leaf directly (Bärlocher and

Kendrick 1975). A much higher effjcìency of from 67.9 to 83.2 % was

observed when G. pseudol'imnaeus was fed 'leaf fungi (Bärìocher and

Kendrj ck 1975).

A mid-range value for Weyprechtja assimilation effic'iency ivould be

70 %. Using this value, ingest'ion rate would be 2.I21
_1 _1

cal.amphipod-'.day-', oF about twice the measured rate. This discrepancy

raìses questions about the accuracy of the method used to measure

ingestion rate. The most likeìy expìanation for the underestjmate of

ingestion js that the rate of egest'ion changes dramat'ica'ììy under

starvation conditjons. It may be that amphipods such as Weyprecht'ia

require a constant amount of jncoming food to push material through the

'intest'ine, as suggested by Hargrave (1972) for the deposit-feeding

amph'ipod Hyalel I a azteca. If the d'if f erence 'in egest jon rate between

feeding and starved amphipods couìd be measured, then perhaps a

correction factor could be calculated which would compensate for the

lower egestÍon rate under starvation. Alternateìy, other methods should

perhaps be developed which could measure ìngestion d'irectly-

Ut'il iz'ing the ingestion rate obtained in this study, a minimum

estimate can be made of the impact þleyprecht'ia has on the standing stock

of sub-ice algae. In early May, 1985, Weyprechtìa occurred at an average

densìty of 6.7 amphipods.m-2 (Pìke 1987). Th'is 'is a minjmum number, as
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it is based on sweep net catches wh'ich are known to be not 100 f
efficient. In early June, 1985, an average of 3.6 amphipods.*-2 *...

found. Numbers in 1986 were lower, rang'ing from 0.7 amphipods.m-2 in

mid-May to 0.1 amphipods.m-2 in late June (Pike 1987). These densit'ies

al I occurred between water depths of 0 to 50 m, where most of the

amphipod biomass was found (Pike 1987), and are sim'ilar to sub-ice

densities of 0.8 to 6.7 Weyprecht'ia.r2..ported by Cross (1982) at Cape

Hatt, Baffin Island.

Using the 'ingestion rate of 213.60 ug dry weìght

-1 -1a'lgae.anrphipod-'.day', l'leyprechtia consumed 1.43 mg dry weight

aìgae .^-2.duy-l in May, 1985, and 0 .77 ng dry weight aìgu...-2.day-l in

June. In i986, Weyprechtja consumption ranged from 21.36 ug dry weight

aìgae.^-2.duy-lin late June to LAg.52 ug dry weìght algae.*-2.day-l in

May.

In the spring period, standing stocks of sub-ice algae range from

50 to 100 mg chlorophyll.m-2 at low snow s'ites (M. Bergmann, pers.

com.). Using the overalì average of the dry weight:ch'lorophyll ratjos jn

Table 3 (131.42), the stand'ing stock of sub-ice algae ranges from 6.57

to 13.14 g dry weigirt.m-2.

Even at their highest densjty in 1985, l'leyprecht'ia would be

consumi'ng only 0.02 % of the aìga'l stand'ing crop per day at the lower

end of the biomass range, or 0.01 I per day at the higher end. These

estimates wil'1, however, be low due to the problems discussed earlier

with the method of measurìng ìngestion. However, even if ingestion js

wrong by an order of magn'itude, these amphipods would still not appear

to have much 'impact upon the sub-ice algae crop.

0ther amphipod species will also be grazing the sub-ice algae,
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aìthough usually only one or two species vrould be present in dens'it'ies

as high as l,leyprechtia in 1985 (Carey 1985). The total impact of al I

amphìpods on the sub-ìce algae wi'l'l therefore probab'ly st'il I be low, and

so most of the primary production will not be utilized by the pe'lagic

food web, but w'il I sink to the bottom. This is similar to what 'is

observed to happen to most of the open water primary productìon

(Longhurst et al. 1984). The algaì product'ion then becomes avaìlable to

benthi c animal s such as b'iva'lves, polychaetes, and Some amphipods on a

year-round basis (Thomson et al.1986). It is possible that amphipods

such as tJeyprechtia also utilize the a'lgal detritus in the'late summer,

fall and winter months, and So consume much more of the sub-ice aìgae

crop at those times than js possjble durjng the short spring sub-jce

bloom.
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