16 Abundance and distribution of larval knll, Euphausia
superba, associated with annual sea ice in winter
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ABSTRACT

Ligrverd Ledll, Buphinsin superbas, sosscined with ammial sed i were coined vlsmaily
st SOLEA dhuring theee wiserer raires fe @ regaom wesr af e Aniarcnde Peandnsale
Samyling durimg Septeosher J9U 1 awg fume J9%3 war reséricied 1o g smel! washer of
sfentiony off Aokeloide folamel A more excdemded, swesorrale SIEFVER Wik vz fed i
Sepresrher 193 Dprval Eril! vere ofserved freaing oo ioe - oocined Dot o ol som-
ey focations (g = 30 ) an cnok of dhe tiree comber. Mo snhers of el Bedl
fimdividials pev ore | per eration for Sepiemdfer T8 Sune [T aned Sepreader 3
werry AL 20 e 1A, T2, respeenively, Laral stmdimeres were stpiffcanily greater
during late winter [ Seplernber | smnpling periods A merfority of forval Gelf censied
durdng fare winter scewerea in Lrepe aggregatioey (2 8 indfvidwals ). Large aggrega-
dies il fearvane wwer mod foend i el winder. Efphne per coml of D vae wiee afiered
iwnler w0 comipley ol provided By ovee-saied amdlor ook fre oo, amd were
el v ienedd with spmined facime foe suefeces Doeval kil were raredi abserieg
owt) Al i foeng s feces of undlpper foes, e cesafpae were often vicifle dn
e QNI

Key words: Antiretic Peninsula. evalogy. Long-Terms Ecobogical Research | LTER ).

INTRODUCTIOMN

Qualialive oheervatbons of lurval kel Euplaurin wmperba,
feodimg on the undersides of sea e e g, Gueman | 983 Sereich &
ol VOEE, Marschall 1988, Daly 19940) are supgestive of animpor-
tant ecological coupling. Chuetin & Ross {1991 1 supgesied that the
associntion is hased on the reed to feed on fhe sce-associated come
mumnity, although sea ioe may also provide 2 refuge Trom predos
tion, The two soermrs are ol mutoally exclusive, and s chner
thial the intrscacies of the linkage age sot completely understood.
Smctacek ev af (19940 supgested ‘that the bulk of the krifl
populaion meves into the ice habital upon its formation’, bae
quantifative data needed o evalunte this clatm are lacking,
Ihrect measures of the shoundonce of kol assoceabed with sen ice
wre few (00 Brien 1987 Marwhall 1948, Hamner ool 19895, and
oo sysbematic surveys of lirvae hase been reporied o dite. 4

pirt of our ongoang study on the coology amf physiolongy of
lzrval krill durmmg wimiler, we have guantafied the shondance and
disieebution of larvae i th s 30c habitad during theee cruises
in theausiral winter.

We intend 10 combine small-scale distributiopsl daia and
behavioral observotions (o increise our understanding of how
Erll Brvae explodl the ice habits . Quantitative census data from
carly amd Infe winler sampling penods  provides suldhtiona
maight mie lemporal vanablily of kol assocated with sence
Do pesults provide sssenikal detaibed inforaation b formlar-
ing hypoiheses and investipating Turther the Lnillfsee interaction.

METHODS

Larval knll associaded with nnnaal sea ice were consused visnlly

wilh SCUBA durmng three winber crusses lo s reglon west of the
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Fig. 16.1. Sumpling stations occupied doring cach of the thres wimer
cruises o ihe west of the Anlarctic Penansula in Szpiember 1991, Bune
1993 and Sceptember 1993, Addlnde Island is 1he barge slnd north of
Mlanpuerite Bay

Avitarcie Penmnsuly (Fig 16,1 Duting September 19%] and
June 1993, sampling was restricied to a relatively small area ofl-
shore of Adefaide [sland. During Sepaember 19935, & mesoscale
survey was conducted between Anvers Tsdand and Marpuerite
Ray The mesoscile survey of the under-ice habaiat for larval
krill was conducted within the conlines of the Palmer Longs
Term Ecolomenl Kessarch {LTER ) site {Waters & Smith 1952
and encompassed the sampling arcas of e two previeuds
Crubses.

At cach snmipling sttion krill were censused alopg 2 m by 30
m long Erensects oreginaling at the pninl: of entry of the divers
1Fig. 16, 2) Observations wene made 1o a depth of 3 m below the
me=arest we aurlfsee, although lrvid kol were rarnely obssved
morne than 003 e awwsay lrom any we sufface. Three replicate tran-
sgers berween M and 45 apan were generally completed ot each
studsen |32 of 3 totalh dwring o sinphe M fo 60 minute dive. Al
the conclusion of each dive additional observations were
recorded, g, estimaled percentige of oversrafied we in the
sumiplimg area and other Fauna present.

Estmmates of animmal sbundaice &sdn ame influenced by such
virkables as visibiliny, sampling by different individuaks and
animol behaviour. The censuses reported here were completad
by & single madivadizal to climinaie kefween-sampler sanakality
Eorill were censused duning davlght hours Visibeliy was gener-
ally grewter than 30 m o il was easy Lo see ndividual keill o
cither sibe of the transect e Lorval Kol asseciaved with sea
e pencrally remain sie-gttached during a dive and do pel
exhilal an escape response anbe the water column when
appronched slowly by a diver; likewise, larvae do not exhiha
dhirecied movements abong e surfices over any apprecinble dis-
lance | = 1 m. Even when disturbed by a diver with a collecting
el the anvegrity of the ageregation is soon re-eatublhished.
penerally an the collection site. For sosall ageregations, ol less

T K Frazereal.

Fig, 16,2, Sghenung Ospediing al' diver tramsacis af each TR IET
stiten. Bndl larves were censmsad codbnuoosly slong replicate strip
irunsects {0 m = 2 mi

Uiary 50 individuals. absoluwe counts werne poasible. The taetal
naumber of Lrill in langer aggregations was estimated by count-
ing the number of volumes in an pgprepation squivalent o
sub=-volimme with o counteild number of individuals | s 2s
S0s),

Unless ollesrwese specified, lasviil abundinoes wene calow-
luted s the number of mdividuals per squire sl and ane
reported s the menn of replicate runsact cousts gt esch saim-
pling stution. A Kruskal-Waklis non-parmmetric procedure wiih
chi-squure approxmmuiicen (Sokal & Rolf 1981) was used 1o
compare larval counts emong ampling perieds as varamees
were determined o be hetcmopmeous. For latinsdinal compsan-
sofs e data from Seprember 1992 were binned into one of
three broad categeries: (1) transsct data colleciad anor noadth of
65 8, () transect datn collaeted between 657 5 and 667 5. and {3)
irinsec] dafan coldecied af or soualh of 668”8 Standard ANOVA

procedunes were used [or the analysis

RESLULTS

Larval krill were ohserved in close associntion with seo boe
al ol wnder-ice stavions during each of the three winter
cruises where guantilafive sampling was conducted | Fig.
16.3), The mewn msmber ol lervae per stateson did naot differ
between Seplember 1991 and Seplember 1993, bul counts
duwrteg the sumpling period in June 1993 (early winter) were



Lareved &l iessoaelerecd wirl i’ sea fow

Table 161, Mean awosber aff Geill fvvee per sgpaone meine

¢ stindand eerer ) for each af the teee winter criviies Samiplimg
peviivds are pawked iy order of Iierering Loeval atencdanae ( Sung
1903 < Seprosher [M3=Seprember 197 !

Sammpleng Bl i
sumpng perad Larvie per m- sLaiioms Iransects
June 19451 I i=11y 3 L]
Sepe. 1993 16T (1 19 i 1
Sopr. 19491 AN = T14T) i T
MNrirei

' The inequaliy is ssgnificant 21 the p=0.08 lovel, Kruskal- Wallis pest
wilh chi-square approximation {3 =4.92, df= 1}
T i0me simpling station was cecipeal Ewicr dusing Septemher 19

Frg. 163, Mean number of il larvae per sguane matme ab cach same
pling staleon for cach of the three winler cruises: (4] Sepdomber U3,
1B} Scplenvber VP amd 108 June 1993, &1 data ame plolied with foder-
o 1o eefablished sampling lecatkys mflien he TRalenes LTER gl
| ¥Watom & Seith 19597

significnntly bess than those From esther lale winier cruise
[ Tahile 16,11

Large. distaned palches ol larval &nll (2= 00 indiadoals b
accuanted for less than 5% of the ebservations, bul comprsed

3 or more of e censused populabon (Fryg 164) Large
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Fig 164, Dlbmgrvad Troguency oF knill peiches and cumpliang ghin-
tdanze of indasduals ploeed agnins) patch size e esel o 1k three
winker croises [A) Sepember 1993, (H) Sepiember 1990 and (C) Juns
HEE,

pitches of larval keill wene not observed on diver fransecis in
Fune 1993, Early-winter sampling during both years was con-
ducted in the some general peographic oren west of Adelaide
Island. Within the mesoseibs snmpling grid, there aas no Latit-
dimal gradient in knll abendance or distnbutsen [ AMNOVA,
di=2, p=L105), Mo omss-shell gradsents im shoandance and des-
tribution of lurval kedll wers apparcnt (Fig. 1634}

Behavioursal observations of larvae and the geeen cologatlon
of their digestive pland indicaied that most anamals were
feading. However. larvas were not necessanly found in oreis of
highest plamt pigmemt oonceniraltion. Crreater than 800 of akl
larval knll were associated with oversrafted andior eroded 0o
surbaces whene plant pigment was rarely visibde 1o The maked ey
Lurswl kheall were lews comon on the dowirwand Facing suifecs
ol [Fees that were nod over-rafted, althowgh ice-algae wene oficn
wisalali in Uheese areis,
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MMSCLUSSION

Though sea ice b just recently [ormed 1o the morthern porisen
of the mesoscale sampling grad i Sepienther 1993, Lirvae wene
ohsereed af all stations with no statistical dilferences in abi-
daisce with lavtude This raises several guestions: (L) do knll
larvae iphabiting the water column stay with sen ice onee il is
formed, | 2vdid lorvae sampled inthe northem par of the LTER
prid averwinter in ice=free waler or | M wene I:|'r|::.l advected e
the: region priss 1o sce formalion?

The shstributiona] runge of Ll kol wnder sea ice during
witider s ol koown, MBordlbosen | 19y investigated the abiin-
dance and distribution of £ suaperhio inice-covesed wilers asl
of the Amtarctic Peninsula, Although Mordhawsen's stody was
resiricted 1o the Gerdoche Strail and inshone walers of Crystal
Sounc, mo Earvae were foungd during July 1992 This sugpess
that lorval keill may, i pemeral. oversanter inoskell and slope
wilers of Lse Antarclic Penamsubs as observed amd neporiad bere,
Comparative sampling in these distinetly different nreas during
the sxmie yeants) would proside o test of the implacit hypothesis
iibove

Ouantitative sampling of kol Torvoe 15 essential o enduae
spawnang suceess and for subsequent predictions of vear class
strength and mocreitment 1o she adult popubation. However, few
guantitative studses of laraal Enll abundancs sed distribution
have been conducted domng the winler in the Sonthern Ceean,
cepecially in the region covened by sea ice. One major difficulty e
thai tn the unrn'pl:l. ice hahilal, larvae ollen oooir on wpraand
Fucing e surfoces and nel sampling s clearly not represeniative
of larvil abundunce f rene Chuamticative survess by divers are
curreiily the bost way o evaluate lapval obundance and distribu-
ticn in the sea-ice habitat,

The mesoscule survey during September P93 coverned o
region karge enough to allow estimatson of the mpoanse of
sz e Liv larvald Krifl as a population. Lirsal knll were consis-
tently found under the e during Sepiember 1993, ond & smple
extrapolation of their mean sbundinee {1672 lirse mo 2 yields
i total estimate of 13210 larvae within the 00 k= 400 km
-:.1rnp|ing region, Assuming thal instantaneous rmies of monal-
iy () For ol apeeclassess of post-Llarval kol are equal and <1 A
icf, Prddle er af 988 and references  therein, Ssepel &
Koalimowaki 19%94). and Uit tecruitment is the somse every yeur,
ihen the larval coscentrations i September |93 are sulficient
1o generate in gdult kol popeiation on the same order of mug-
nitugle { Table 16,2k The projected number of adults within the
sumpling repim moukd be 9. 7= 170 m %, wath M values of 1.0
ardd b6, mespectively (Table 16.2) Thoe aumbers compans
lavorably with Smetacek e a5 (V90) estmmate of B3 adulis
i udider sea soe et its manimal extent (based on popueloten
catimaies by El-Sayed (| %885y, and, il emipration is zem, sugges|
that larvil coneentrations immedingely west of the Anmlanctec
Penisula are nol greater than necessary Lo mamisin an avenige
adult population. Thes would be counter o a genenally held
cemiention thil the repwm weat of thee Aaiarctis Peninsula s an

T A Fraser et al

Table 16,2, Prafected omanbery of mosd=tarnn! sell witinin M
2R Koo ) e wceernpliang regpior Seovend o Sarn et
exfimuries frvar Seplemiber 9037 Fle progecied aimnbeey will
vy el el ot the easarnad A rannaneaiis Rires of eireialiiye
{800 T alvfJerciid Soenmrras die givei

Ape-cluss Mliean muimbser ol Tairal nuigrher
1yt kel e m° of kil
agy-glagy | 14,72 1.3 = 10+
Progection 1| 0= |IF

ageloss 2 7 a7 5=
Progection 2§ 4= 10L66")

age-cligs 2-7 1% 13 = 10t
T

! The Birval popsalslson prcsen] ol The o of wanter Diepiemaher 1593
ainl M ape-vear-all ppe-chiss sie, fin the parposes oF iis exencise,
samiiieed 1o b vhe aame 1o is assuened alss chai the nuenbers al krill =
apeclnss | nre constam from year 1o vear Raves of immmigraton amd
emigratiom of post:larval krill muo and out of (he 2000 km % didkkm
sampling region ane assumed io be cgual

* §=110 i3 the overape walus aoaumed by Pracdle o of, [198E;

¥ Nl sl 6 {8 Uhe Fonies & alu.l.'fl:pl.'l_'h_-l;‘,l by Hadped & Koalimiwski (194,

important awrsery wrca for larvid kill compsred with other
pegions of the Southern Ocean.

W recognize thiot larval numbers observed in Seplember
15HET muay ol be represenintnee of these inother vears, but Tl
nbundapces in Seplember 1993 were remarkably stmilar 1o those
catrmiuted  during Seplember 1091 amd sugpest oblwrwse,
Conbnued consuses of larvsl knll associaved with sea ice in late
wanter peed 1o e interprebal relative to the varnhility of winber
ice cover and the spawning swecess of the previous season 1o
unidersiand the populatsen dynamics of kel o thes region.

Larval krifl were found 16 be most concenirated onoaneas of
ceer-ralbed sen e with wpward-focing oo surfaces. Alihough
Semetocek of afl (19900 sugpested that e surfses aren would be
greater by about one-thind because ol ridging ol cover, esimites
of ower-rafiing by divers west of the Anturctic Penonsula are
generally less {59, particolarly noearly wamler. Mone work s
necded o onderstand the ccology of taral kel relative 10
hihital compleily. A luck of habitar commpliesity may explivin, in
paart, palch characterstics and low coants of laral knll during
carly winter (Fig. 1644, Table Ie ) Liitle 5 kpown abow
krill's eardy-winter transition rom the wader column 1o the e
bt the finct thot large patches of Girval knll observed donng lae
winter were nol common during early-winter sampling b oonisis-
temt with the hypothesis thiad sea bos Caellialss spgrepation aid
formaton of keill searms (Hamnes o ol 1989) Since knill
nuinbers amd the frequency ol lange paiches appear to incrense
awer winter in the sea-ice habitan, estimates of loral numbers
based on diver ohservations in early wimier may not be valud,

ol Ty b severil schemabic depections of Knll leeding on

devanward fucing ice surlaces duning winter (c.g. Garrison o1 ail.



T avrvend krild exenederiegd woiph s 5o ipe

1586, Smetacek ofal 1991, larae associzied with sea ice are
generally arignted with feeding nppendoges down and scraping
the upsward facing wnd eronded b surfaces they tend o acoupy.
Since larval knll are generally not found in aneas where plant
pigment is most coneentrated. structumal charmcleristics of s
ice appear Eo be @ primary determinani of knll ohumdance and
dhstnbutien duning winter, Larval krill appear i hove an affinity
lor wreas of owver-rafied ice and the refuge it might afford
Unforfunately, there s a paucity of informateon reganding
predafor - prey anteractions m the anpual seasice gone during
winler and direct obserabions of predation on knll e are
lew. Humpoer of af, | 1989) observed clenopbhones wnsd an amphi-
pod Fecding on forcliz and furiher suggested Lhat vl knll
mughl be a signibcant component of the diet of fishes and migrs-
Lory anverfebrdes, parfscularly moowinter. Severnl allernitive
by potieses can be sugpeved 10 explain the apgarent afinay of
lurval kol for ansss of over-ralted sea poe: { 1) Feading costs may
b less for larvie e upwvand Facimg e surfsees since feeding on
dowsnwird fecing swrfices will cntail the addittonal cost of
mintaining contact with the iee surface against o negative buoy-
aney. (20 Upwannd Facang surfaces may also act as sedimsenl traps
which concentrate food resourcs andbor provide d subsirate for
prefered food items (O Brien |987), The relative iniportance of
firod resoomces and shelier o larval kall, & provided by annal
sed e meerits further investigution,

CONCLUSIHOMN

This is the first guantsiative account of larval knll assocaied
with sea jce during awstrul winter and observidions using
SCUBA hurve proved to be a reguisite methoad for investigating
the the knllfice interaction, The data reporied here are esseniul
inlarmation o the Frmulntion of hypotheses and Turther study
wf this eoelogecally mpoertant hnkage
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