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Winter and summer metabolic rates of Arctic arnphipods.
Preliminarv results

INI'RODUC'f I()N
'l'lte nretabolic rates of terrestrial artd nrarine Arctic invertebrates is fairly ivell

krrolvrr (Renrnrert, 1980; opaliriski, 1982; Klekowski & opalinski, 1986. 1989. 1990;
opaliriski & Klekowski, I 989; opaliriski & wpslawski. 1989a, b; pieperrbu rg et al.,
1995). Hor.vever. the above cited literature deals with the surnrnel' - Polar Day periocl,
and data on tlte rvinter rnetabolic rates are ratlrer rare. Scarce literature on the plarrktonic
arrd littoral Antarctic crustacearrs (Rakusa-Suszczeu,ski & Klekow'ski. 1973:
Rakttsa-Suszczervski, 1990) irrdicate that winter rnetabolic rates are lower tlran srirnrner
ones. wltich is cottsistetrt r.vith the generally accepted rule olt ol'the tellrpet'ature
itrf-luettce otr anirttal tnetabolism (Prosser, 1973; Durrcan & Klekorvski. 1975). 1'he
ainr o1'tlte presettt paper is to attsr,ver the qLrestiorr: Ilow does tlre Arc:tic rnarirre
invertebrate urctabolisrn changes in the course of winter to suurnrer?

MEI-I.{ODS

Animals
Four species of tnaritre littoral and shallorv sublittoral aluphipod crustaceans

rvere the object of tlre study (Ottmnnru.s oceanicus, G.setosus, ,4ttort1,y 5uyri, A. ntrgax).
All foLrr are conrrlolt attd abuudant in the coastal waters of Spitsbergen (Wqslarvski.
i993a,1994)-

G. oceanicus is alt opportunistic ornrtivorous, Atlantic - boreal species. lt occurs
in the littoralfi'onr the Baltic Sea on the south to Spitsbergerr ou the rrorlli. Irr I,lorsund
l'-iold it is tttost col)tltlotl betrveen 0 arrd 2 rn deptlr anlong stones. Natural tenrperatures
in its etrvironlnent range fi'ottt - 1.8' C in the wiuter and spring to *8" C iu August in
the peak of'sltnuller, Salinity ranges fi'onr 5 to 34 ppt (Wqslau,ski, 1994). (i.,rc/p,rrr,r is
arr Arctic - boreirl spccics of circtttttpolar clislribution. c()lnllton throrrghorrt tlrc Sr.,altrarrl



archipelago. This species is more cold water compared to the previous olle, and is

more often fourrd in the irrner flord basins and eastern coast of archipelago, but

generafly its environrnental couditions are the sanre as for the G. oceanicus

(Wpslawski. 1994\.

A sari is necrophagic and carnivorous, Arctic - boreal species. lt occurs on so{t

bottom, betweerr 2 and 30 nr depth, where temperature is not exceeding +Jo C. and

salinity is above l5 ppt.

A.nugax is necrophagic and carnivorous, also an Arctic - boreal species. lt occurs

on the soft bottorn, below 20 m depth, down to 200 rn in flords.Temperature attd

salinity in its environrnent stays below +3.5o C and over 33 ppt (Wgslawski,1994).

More on tlre ecology of these species can be found in Opaliriski & Wgslawski ( 1989a,

b), and Klekowski & Wgslawski ( 199 | ).

Experimental animals were collected in the intertidal and shallow sublittoral

zorre in Isbjornlrarnna, Horrrsund Fjord, near tlte Polish Arctic Station in Hornsund

(Southern Spitsbergen, Svalbard, TToN, l5"E) - Figure l. A detailed description of
the Iocal environrnent might be found in Wgslawski ( 1993b). Animals were collected

with the use of a liglrt dredge betweett February 1985 and July 1985 ('fable l).

Fig. l. Hornsurrd F.iord. Spitsbergen. The arrow indicate place of animal sampling.

Measurement methods
Anirnals were transported to the laboratory in the Polar Station and placed in

aquaria for 5 to 12 hours to adapt for measurenrent conrlitions. Oxygerr consutttptiott

lablc l. t)\)gctt cottsutttptiult attd ttrctubolic ratc llr ol)ll,s[)crgen arrrptrrpods. lr - rrurrrucr ol
measurcmcltls. T - tentperature of'rneasurenrents ("C). l,C - anintal bodv length (rnrn). W - arrinral wer
wcight (ntg). [{ - oxygen consutnption (cubic urm per individual pcr hour). MII - rnotabolic rarc ( cubic
rnm per urg rvet wt pcr hour). Mcan values + Standarcl llrror.

t-c

was ltleasttred usirrg closed vessels rnetlrod. Oxygen concentration in vessels was
tneasured with the oxygen sensor OXI 57 (WTW Gerrnany).

Single animals were exatnined at natural environnrerrtal temperatures, controllecl
within an accuracy of 0.5o C. Erlenmayer flasks of 200 cnl were used as tlre
respirotttetric vessels. The present paper is based on tlre data ll'onr 338 treasurenleuts.
Details on samplittg dates and the number of nreasurements for each species are given
in Table l.

As the criterion for the seasonal change from winter to sumlner, we took the rise
of ternperature in surface coastal waters frorn -l.88oC (winter) to -1.0.C (Wpslawski
& Adarnski, 1987; wgslawski et al., 1988; wgslawski, 1993b). In 1985 this took
place irr the turn of May to June, when the rnaximurn of chlorophyll 'a'abundarrce
was observed (Wgslawski et al., 1988).
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Fig. 2. Scasonal changes ol'nretabolic rate in Spitsbcrgcn coastal water arnphipocls and sea-sonal changcs

of'sorne environrnental lirctors in llornsttnd F-iord coastal waters. A - Gantnutrus oceanicus.

l\-(ionmtans^rclo,!?r.r.C-Anonvr.szusr.D-tlnortyxnugax. l-ight-inarbitraryunits(o-polarnight,
I - night longer than day. 3 - day longer than night, 4 - polar day). I'enrperature in oC, lce - in arbitrarl
units (0 -last icc. I - pack ice. 2 - open rvatcr), Chlorophyll - in rng rn . Environnrcntal data alter

Wgslarvski et ul. (1988).

RESULTS

Gunmtarus oceanicus
l'he rnetabolic rates were lowest at tlre turn of the seasons (June 6th) and reached

0. 140 rnrn/rng/lr, while highest values were observed in the peak of the winter (February

25tlr) and reached 0. | 89 rnrn/rng/h, which makes a statistically irnportant difference

(Table I ). Tf re G. oce anicus rnetabolic rates decrease steedih/ from winter to sulntner,

lilJlc z. L.olll[,uliroll1 ril lll0l"ilt)ollc l.ilc ll'il\ - uuulc lrilll i)rl lilr] \\eL \\L l)el l)oul ) ol .)l)llrlrutgulr
arnphipods in r.-,inter and in summer. 1 - tempcrature ("C), n - nurnber of measurenrerrts. W - aninrirl rret
rveight (mg). R - anirnal oxygerr consunrption (cubic nrrn per individual pcr hour), MR - nrctabolic r-ate

(cubic nrrn per nlg wet \1.1 per hour). Mean values + Standard Drror.

witlr a clear drop iu the beginnirrg of June (Fig. 2a). The rnetabolic rates of G. ocetnicu:;
calculated for the wiuter period (Feb. 24th - June 2nd) rvere higher than for slrmmer
(June 6th - July 4th), and changed respectively from 0. | 7l to 0.148 rnrn /mg/h (Table 2).

This clear picture gets worse wlren we corrlpare not the mean values, but regressiorr

lines calculated for tlte oxygen consurnption dependence on body nrass (Fig. 3). It
was found that large anirnals of weiglrt over 200 rng showed tlre saure level of uretabolic

rates itt winter and in surnrner. rvhile srnall anirnals of body rnass belolv 100 mg

showed higher winter tnetabolic rates cornpared to surrrrner orres. The regression lirres

show the sarne pattern: irrtercept'a' is higlr in winter anirnals (0.73), arrd is lo'"v irr
surrurer (0. I 4), with a very h igh regression coefficent ( I .00) (-fable 3 ).

Gutrtnnrus setostts
The reverse situation r.vas observed in Gantnrarus .tetosus. The lor.vest metabolic

rates were observed in the nriddle of the winter (Feb. 24th), and the highest in late

sumnrer (July l5th): respectively 0.120 and 0.212 rnrn/rngih (Table l). After the
relatively stable wirtter metabolic rates, the sllrnrrer values increase sharply (Fig. 2b).

Tfte rnean nretabolic rate of G. setoslts calcr"rlated for the sulnrner period is 0.206 mrn/

mg/lrr (July 8th - July l5th). almost twice as high as the winter one: 0.124 rnrn/nrg/hr
(Feb. 24th - May 20th) (Table 2). Relation of oxygen uptake to body u,eight irr

G. setosu.s was similar to tlrat in G. oce(miurs, and large anirnals ( 100-200 rrrg weiglrt)
expressed almost tlte sarne rletabolic rates in winter and in sumrtrer (Fig. 4). In srnall
atrilnals (below 100 mg) nretabolic rates were higlrer irr surnrner than in wirrter (corrtrary

to the results with G. oceuricus).'fhe intercept ,,a" irl regressiou equations slrows
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'Iable J. Ihe dependence betrveen oxygen consunlptloll (lt - cubrc null l)er rr!lr\lrluiii p.r lrortt ) rrirtl lrorr_,

wet \vcight (W - nrg) in Spitsbergen anrphipods in winter and irr sulnmer. Ceneral lbrrnula i{: a Wl'.

n - nulnbcr 0l'nleastrrenlents

low values iu winter (0.l3) and in surnrner (0.80), with regression coefficerrts b:0.98

for winter and b:0.66 iu sunrtner (Table 3).

Anonyx sorsi
The rnetabolic rates of this species were lneasured in winter only (Feb.24th -

May 24th).'flrey ranged between l13 to220 mm /mg/h (Table l). From the middle of
winter to tlre late winter a slight decrease of A. ,sqrsi metabolism was observed (Fig. 2c).

'lable 4. Mctabolic ratc (MR - cubic mnr pcr mg wet wt pcr hour), the dependence betrveen oxygetr

cgnsurnption ( R - cubic rrnr per individual per hour) and body rvet rveight ( W - nrg) (ge neral lbrntula

t{ : aWl') irr sonte rrolar inveltcbrates in the rvinter and in the sunrmer. 'l'he dif}brence between rvitrter and

sunrller rnetabolic ratc (W/S) is indicatecl in percetrt.

Fig. J.I'he deperrdence bctu,ecn aninral rvet rveishl
tx aanicu:; liorrr I lornsuncl F.iord in wirrf cr ( Wi) ancl

W- wet welght (mg)

(W) arrd oxygen consulnption (lt) ir-t Oonunctrus
in summer (Su). Sec also'lhble 3.

W- wet weight (mg)

Fig.4. 1'lrc dcpcntlcltce bctrvcen anintal rvet ucight (W) ancl oxygerr consunrption (R)i1 Ganmnrus
.relo.ri.r fiolll llornurxl Flord in rvintcr (wi) antl sununcr (su). Scc also'l'ablc i.
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'l'lre rrrean nretabolic rate of A. sar,si in r.vinter rvas 0.165 rrrrn /mg/h (1-able 2 ).-l'he
correlatiott <tIoxygen consunrption arrd body mass in A. scu'.si is illustrated iu FigLrle
5 and 

-l-able 
3.

Artorty-u ttttllux
'I'lre lowest rnetabolic rates of tltis species were foulrd irr winter (April l2th) and

the highest itt sutntler(.fLrly 5th),0.078 and 0.095nrrn rng/lr respectively ('lable l).
The rnealt sunltner rnetabolic rates of zl. naga-r (June 5th and July l5th) were sirnilar
to the ntean rvinter values (April l2th - June 5th) and ranged respectively fronr 0.089
to 0.082 rnnr /rng/h (Table 2,hig.2d). 1-he relation of oxygen consumptiou to body
rveigfrt in A. ntrgnx is sholl'n by the differences in winter and surnrner values of
intercepts 'a' (0.57 to 0.l6) ancl coefficietrts 'b' : 0.69 and 0.9 respectively ('lable 3).
hor,vever tlte ltteasut'ernetrts of aclult aninrals showed alurost iderrtical regression lines
(Fig.6).'l-lre clillerences of legt'essiott pararneters coure frorn the lorv ntetabolic rates

ofjuvenile specirrrens. observcd in surnrner-

Presentecl results slrow all possible nretabolic reactions conlrected ivitlr the change

ol'seasot.ts: the nretabolism tttay dlop l'ronr lvinter to surnrner (G.oceunicus). it rna1,

gror.v (G. setosus) or retnaitt stable (1. nugux). The observed dilferences ol'nretabolic
rates in'"vitrter alld sulllner are {he ellect ol'-juverrile animals rnetabolisnr. tlre aclults

expressed an even level of'nretabolisrn fi'ont winter'to sunllt)el'.

DISCUSSION
Seasonal change froln rvinter to surruner is connected rvith tlre change of irnportant

etrvilotttttettttrl pat'attreters like ternperature. salinity. liglrt, ancl food resoulces. 'fhe

Iligh Arctic regi()n shorvs especially drastic clranges clf these paranteters (Wpslawski
at al.. 1988; Weslarvski, 1994).

llolv nray poikilotlrerrnic arrirrrals react to tlrose changes'/
Tlte increase of poikilothernric anitnals rretabolic lates frorn wirrter towards

stunurer seerils to be a ttatttral reaction caused by an irrcrease in wal.er tentperature
(Kleko"vski ct ul..1973: Opaliriski. l979a,b;Opaliriski & Klekowski,1992). irrcreased

sun radiaton (Opaliriski & Klekowski, l99l), fbod resources (Opaliriski, 199 I 1 Percy,,

f 993; Vernberg & Vernberg. 1993; Chapelle ct al., 1994), or the salirrity drop causecl

by the ice rnelt (Klekowski & Opaliriski, 1993). Such rrretabolic rates. wlrich irrcrease

fl-onr lvirrter to sluntner. lrave been observed anrorrg Arrtarctic auirnals. Parctntoero
v'alket'i(Artrplripoda) metabolisrrt expt'essed a sulllnrer irrcrease of rrretalrolic rates of
80%o conrpared to w ilrter values, attd atttarctic krill (Eulthuu.sitt sttlterbu) showed a 23Yo

increase (l able 4).

A rate of 8oh itrcrease of the rnetabolic rate fi-orn winter towards surnrner irr
A. rttrgctr was statistically r"rrritttpt'lrtant, while (i. occurric:u,r expressed a decrease of
nrelabolic rale ol- | 3% ('lable 4).

l:-ttt'thcr attalysis is treedecl lttr atrsrvcring tlre rluestiorr ol-wlrat are tlre spc,cil'ic
cxtental altd inlerttal lactors. clrarrgeable ll'oln rvirrtcr to sullnler. that rrriqhl he

10 1000100



respopsible for tlre rnetabolic rates seen in Arctic littoral arlplripods. I his will be ttrc

subject of future studies.
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