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Growth and Behavior of Juvenile Alaskan Flatfishes in the Laboratory

Abstract
Ju\cnilc Prcilic halibut reafed in the laboratory grc$ a! a laster rate md h.rd a more uriform distibutioD ir behavior resls than
jurcni lcsofyel lo$i insoleandfocksole.Ju\ , 'eni le) ' .c l lowf insoleandrock\olehadsimi lar90dgro$lhrates({1.71-0.8l t fUWD)
iIr lhc laborator,"' al 10'C. where.rs Pacific halibut grer significanll] iaster (l.29L BWD). Rock sole grew rhe saDre on bolh mud
and sand. despile a kno$n prefefence forsand substratc in the teld. Yellowfin sole androck solc hadan aggregrted distribution ll1
&. unk\ as meanrred bv nearest-neighbor anallsis rcg.trdless of the presence of othcl species, whereas Pacific halibut had .r
unifbm distribution. These are thc tirsl obser!alions ofgrolvth and beharior ofjLrlcniles of these \pecies in ihe labora|orr-.

Introduction

Understanding interspecitic differences in growth
and behavior among various species ofjuvenile
flatfishes may increase undcrstanding of such
specific differences as timc spent in nursery ar
eas, vulnerability to predators. types and sizes of
prey itens, intraspccific and interspecific com-
petitiol for tbod and space. and productivity of
the stock. These processes are all influenced to
some dcgrce by initial growth (Weatherley and
Gi11 1987) and social interactions (Olla ct al. 1996)
of juveniles of many fish species. Growth also
hastens or delays recruitment of f'latflshes into
the fishery: larger age-0 t'latfishes have reduced
predation and faste[ maturation thitn smaller age
0 flatfishes (van dcr Veer et al. 199,1). In addi-
tion, behavior can rcgulate distribution, feeding.
and predator avoidance in many lish species (O11a
et al. 1996).

Intuitively. different species may have differ-
ent growth mtes and distributions as mechanisms
forpanitioning the nursery grounds. Juvenile flat-
f ishes reduce competit ive interactions between
species through dift'erences in habitat. such as dcpth
and substrate (Norcross et al. 1995). These dif-
lerences in field distribution of similar-sized in
dividuals are probably the result of a complex
interaction of a number of v;Lriables such as in-
terspecific differenccs in growth rates and behav-
ioral interactions.
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To betler understand these initial diiTerences
among species of Pacific flatfishes. we assessed
growth rates and spatial distribution among newly
\e  l cd  recru i r \  r , f  lh ree  commerc i l l l )  impununt
species of flatllshes. We chose young-of-the-year
Pacilic halibut (11?poglos,in.i slenolepis), yellowtin
sole ( Li nanda a s p e r), ar\d I ock solc ( Le p ido p s ett o
bil ineans). The adults of these spectes consti-
tute over half of the flatfish catch in the nofih
eastem Pacific Ocean. totaling a high of netfly
300,000 metric tons in 1992 (FAO 1995). The
combined flatfish fisherv is the third largest fish-
cry in the northeastem Pacific Ocean, after wall-
eye pollock (Therqgrd chulutgranna) and Pa
ciflc salmon (Ontttrhynchus spp.) (FAO 1995).
Extensive knowledge has been gathered about
adults ofthese flatfish species. butfarless is known
about the juvenile stage. Because many of the
environmental conditions that atlect growth and
behavior cannot be controlled in the field, our
studies were conduoted in the laboratory.

Following a planktonic lar,'alstage, the recruits
of all three species settle out into subtidal nurs-
cry areas (<40 m deep) for the first year or two
(Norcross et al. 1995) wherc they t'eed largely on
crustaccans. Following migration into deeper
waters as adults, the Pacitic halibut grow to nearly
3 m in length, whereas ycllowfin and rock solc
ire typically <,15-55cm. In the studv desoribed
here. *e compared growth rates and spatial dis-
tributions amorg young-of-the-year ilatfish ju-
veniles to determine whether differences were
evident as carly as the lirst year of life.
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Methods

Preparat on of Anirna s

Yellowfin sole and rock sole wele obtained from
Auke Bay, Alaska. by 6'mm-mesh beach seine
in June. 1994 and 1995. Pacitic halibut were col-
lected in 10-30 m depths in Middle and Kalsin
Bays off Kodiak lsland by plumb staffbearn truwl
(,1 nm mesh) inAugust 1994 and 1995. All spcci-
nens (46 109 mm standard length, mean 69 mm
t 15.9) uere transpofted l ivc 1() the Auke Bay
Laboratory andheld in flowthrcugh seawater tanks
on a mixed sand and mud substrate. Fish wefe
held lor two months to acclimate to laboratory
conditions.

lndividual fish were identified fbr repeated size
measurements and behavioral observations by
marking juveniles on the ventral surtace at one
or more of four locations along the lateral mar-
gin with Alcian Blue dye (65 mg/ml aqueous
solution) to give each lish a unique mark. This
allowed us to measurc the growth ntes ln each
fish rather than following the mean change of a
group offish. This dye marking method (Thedinga
and Johnson 1995) is a fast. external, non-inva-
sjve procedure that pennits mark [etention even
in rapidly growing juvenile fi shes. Unanesthetized
flatfish wereiet iniected $ith dyc using a Panjet
held 25 mm above the skin surface. Excess dye
was wipcd off. and the fish held in a rccovery
tank lbr I hr to verity dye retention. Alcian Blue
dye docs not affectjuvenile flatfish growth, alter
tissue stmcture, or beoome incorporatcd into in-
ternal organs (Thedinga et al. 1997).

Growth Tests

Gro$,th tests werc conducted in 70-L tanks (30 x
60 x 40 cm) under outdoor tanslucent panels with
a constant l2 hr/d of supplemcntal full-spectntm
lighting. Scawater t ' low rates were l.4Llmat28%o
salinity and l0'C. such as is commonly obsen'ed
during late summcr in flatfish nursery areas in
southeastem and southcental Alaska. Tempera-
ture was controlled by rgsistive hcaters. mercury
s$'itches, and associated relays.

Groups of fish were reared on specific sub-
strates. Each spccies was tested on its prcfened
sediment. Pacific halibut and rock sole on sand,
yellowfin sole on mud (Moles and Norcross 1995).
In addition. rock sole was also tested on mud so
that growth for that species could be neasured

on prefened and unprefered sediments. Mud was
gathered intefiidally. trozen andthawed three times
to kill any organisms present, then sieved to re
move pafticlcs and macrolhunal prey items or-
ganism: larger lhan 63 !m. Sand '6-l :4q Fm
diameter) obtained from a local gravel yard was
sicvcd to yield a mean particle size of 125 pm.
Fish were fed to satiation with a dail.v ration of
commercial blood worms (TubiJe.r tubilex) and,
mysids (M1sir spp.) for two weeks before and
throughout the test. Crustaccans such as mysids
are a common component ofjuvenile flatfish di
ets, and the addition ofthc bloodworms enhanccd
the fecding rcsponse. The fish were fed six times
pcr dr1 to reducc feed wa\le and size rariance
due to possible competition tbr tbod among fish
(Briinniis and Alaniira 1993). All fish ate vora
ciously when lbod became available.

There were four treatment groups (Pacific hali-
but on sand, yellowfin sole on mud, rock sole on
sand, and rock sole on mud), each with 20 tish,
rearcd for 90 d. Because it was only possible to
obtain 10 distinctive dye marks, it was necessary
to spread the 20 test flsh ofeach treatment among
two tanks. This gave a final total of 8 tanks of l0
fish each.

Individual lcngths (to nearest rrm) and weights
(in mg) were measured at 0, 30,60, and 90 d on
the same individually-marked flsh. Fish were
weighed live in a tared beaker of watcr, thcn quickly
measured lbr length and returned to the water.
Growth rates for length (incremental growth mte)
and weight (specific growth rate) were calculated
for each fish (Fonds et al. 1995). Daily length
incfements (dZ) were computed from differences
in standard length (l,) over time as: dL = (1"'0
4.,",.)/t, whcrc I is time in days. Specific growth
rate was computed as C = (ln ly..,r ln lv.,,,,)/t x
100, where W is body wet weight. Only the 90 d
growth mtes are presented here. Differences in
growth rates between the four treatment groups
werc analyzed using a repeated measures one-
way ANOVA at day 0 and day 90 fbllowed by
Tukey's test of multiple comparisons at P = 0.05.

Spatlal Behavior Tests

The spetial distribution of f'latfishes was deter-
mined using a gdd painted on the bottom of a
4.8-m diameter 18.000 L circular tank divided
into I l8 observation areas. Water depth was I m.
flow rate 20 L/min (to maintain sufficient oxy-
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TABLE 1. Mcan lcnglhs. $eighls, and growlh r:ttes (lSE) ofthree species ofjuvenile flatfishes reared in the laborarory for 90 d.
ICR= incremenlal grolvth rale as mln increase per day SGR= specific gfowth rate as % body \\eight pcrda]-, N= 10.
Wilhin ICR or SCR. means with the same superscript are noi significantly different (P<0.05).

9 0 d
Ye' lo$ f in ^ e l ro.  k $ lc . r  -uJ

0 d 9 0 d 9 0 d 0 d

Lenglh (nn) 7:  (1.61

\Veieht  (g)  1.10 (0.19)

I G R
SGR

9l (1.,r) l l  ( ,r)
I  1.63 (0.62) ,r.38 (0.71)
0.2,1( 0.ulf
1.29 (0.01)"

66 (4) 79(.1)
1.76 (0.79) 6.2 (0.9.1)

0 .15  (0 .0 r )b
0.71 (0.01) "

6',7 (1.1) 8,r (3.9)
3.96 ().8s) 6.9 (0.92)

0 . l9  (0 .0 r ) '
0.82 (0.10)b

89 (,r)
E.89 (1.:1)

0.19 (0.01)r
0.El (0.04)"

gen), salinity 29%o. and, tcmperature 10oC; no
sediment was present. Twenty Alcian blue dye-
marked juveniles (average length 80 mm) of the
tcst spccics and 20 unmarked fish of the same or
a dift-erent species were chosen randomly and
ir'rroduced to the tank by net. Using the grid, we
measured thc distancc between each marked fish
and its marked nearest neighbor at 30 min jnter-
vals for20hr allov"'ing us to calculate melur nearest
neighbor mtios over 20 hrperiods foreach group.
Atier 20 hr, the fish were removed and 40 new
fish of the next trial were introduced. All 6 com-
binations (halibut&a1ibut, yellowfi n sole/yellowfi n
sole. rock sole/rock sole, halibut/yellowfin, hali-
but/rock sole, and yellou'f in solehock sole) were
tested with tlve replicate trials each for a total of
l00 test individuals per species. No fish was used
tbr more than a single trial to insure independent
obsen'ations.

The dist ce-to-nearest neighbor method (Clark
and Evans 1954) described the intaspecific spa
tial distribution of a given species in the pres-
ence of other flatfishes. both of the same and of
another species. Nearest-neighbor distances were
calculated between marked individuals ofthe same
species, but not of different species. The mea-
sure of spacing (R) indicates the degree to which
the distribution ofthe sample deviates from a ran-
dom distribution (R = 1). The smallcr the value
of R, the more aggregated the distribution: the
higher the value. the more unifom the distribu
tion. We examined differenccs in nearest neigh-
bor ratios using Wilcoxon signed rank tests.

Results

All fish grcw substantially over the 90-d test pe-
riod. Yellowfln sole weights increased l03o/r, rock
sole weights increased 65% (mud) urd 74olc (sand).
and halibut wcights increased 1847o. Differences
in initial size between the species were not sig-
nificant for length or weight. Init ial mean condi-

tion factors also did not dift'er significantly among
all tanks and treatment groups.

Pacific halibut grew significantly taster than
the other treatment groups (P < 0.001). Daily in-
crcmental growth rates (mntd) were signitlcantly
greater (P < 0.05) for Pacific halibut than fbr rock
sole or yellowfin sole (Table 1). By day 90. Pa-
cific halibut had grown 0.24 mm,/d. 26% gre;iter
than rock sole on sand or yellowfin sole. All of
these featment grcups increased in length greater
than rock sole on mud. There was a significant
difference in incremental growth rate but not in
spccific growth rate between rock sole on mud
and on sand. Other differences in growth rate
between .pecie. or sub:lrale l lpes uere not ' ig-
nificant. Yellowfin sole and rock sole grew at nearly
identical rates throughout the experiment .

During the behavior tests, halibut distributed
themselves uniformly R = 1.83-2.00) in the ex-
perimental tanks when other species were not
present. In contmst, when all ,10 fish in the tank
were yellowfin sole, more aggregation occurred
(R = 0.86 t 0.02). Rock sole were significantly (
P < 0.001) more aggregated (R = 0.71 t 0.01)
than yellor'fin sole. Distribution pattems for each
species did not change when a second species was
present (Table 2). except tbr a decrease in unifor-
mity ofPacific halibut when rock sole were present.
Both yellowfin sole and rock sole became slightly

TABLE 2. Neafest-neighbor distances (R valucs t SE) lbr
experimental groups of markcd juvenite Ialiishe s
of the same species (mcasured species) iD the
presencc ofan equal sized group ofthe same or a
difttrent species (inlluence species). N= l00fish.

lnfluence SDecies
Measured
Species

Yellor'fin Pacilic
halibul

Rock

Yellowfir sole 0.86(0.01) 0.66(0.01) 2.00 (0.1)
Rock sole 0.79 (0.01) 0.71 (.01) L83 (0.02)

Paci l ic hal ibul 0.83(0.01) 0.73(0.01) L94 (0.02)
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more aggregated in the presence ofthe other spe
cies. but this difference was significant only for
ycllorvfin solc (P < 0.01). Thc dislribution of Pa-
cific halibut was not significantly different in the
presence of yellou'fin sole, but was significantly
less unifbrm in the presence of rock sole (P <
0.01 ). Yellowfln sole and rock sole did not alter
their spacing in the presence of Pacitic halibut.

Discussion

This is the firstlaboratory estimate ofgrowth ntes
follo\\"ing settlenent lbr these valuable commer-
cial species. a period that is impoftant to lubse-
quent survival. Flatfishes, as most f ishes, grow
most rapidly as juveniles (Paul et al. 199:1). and
llny reduction in juvenile growth rate prolongs
theiuvenile stage. Mofiality during this phase and
timing of onsct of maturation arc dircctly dctcr-
nined by fish size (Zijlstra et al. l982, Rqnsdory
1993.). As fish sizc incre;iscs, prcdation on thc
fish is rcduccd for somc flatfishes, and in such
cases sunival is related directly to growth (Wit
ting rnd Able 1993, van der Veer et al. 1994).
Fish that are able to grow quickly during the early
juvenile stage, such as Pacific halibut. are less
susceptible to predation and have a competitive
, r , . l r . rn l , rge  , . r r  e r ' ' 1 , 'u  e r -g r r \u  ing  l i .h .

The dillerences in growth between Pacitic
halibut and the other flatfish species examined in
lh i5  \ lud)  a re  in te re . t ing .  g i r  en  the  un ique en
ergy requirements ofPacific halibut. Pacilic halibut.
rvhich grew rnole rapidly than yellowfin sole or
rock solc in our study, havc grcatcr cnergy cx-
penditures than yellowfin sole. The oxygen re
quirement tbr.juvenile halibut is four times higher
than tbr ycllowfin solc. duc to longcr migrations
and more active feeding (Paul et al. 1994). Juve-
nile halibut cornpensate ibr this high rate by eat-
ing relatively larger meals than do adult fish (Paul
et l. I99,1). In our study, grouth rates of Pacitlc
halibut estimated by length were 26-'l. greater thrLn
lbr yellorvlin sole, and the specitic growth rate
ofhalibut overthe 90 d test period war 557. greater
than for yellowfin sole. The growth lates of flat
fish in our study are similarto estimates ofgrowth
in thc lirst ycar using agc and size data lron the
Gulf ofAlaska. Smith ct al. (1995) cstimatcd that
yellowfin sole in the Gulf of Alaska grow 0.5%
BWD in their llrst year and Paul et al. (1994) es-
rimatcd that Pacific halibut growth is atlcasl0.75%
BWD. Pacific halibutjuveniles grow rapidly. td-

pling in length by age-l (Southward 1967). This
init ial surgc of growth is an impoftant iactor in
determining year class strength in Pacific halibut
(Hagen and Quinn 1991).

Despite strong evidence from both laboratory
and lleld studies that rock sole have a preference
for sand ovcr mud, thc growth rates tbr rock sole
on sand were not significantly grcater than rock
sole on mud. When given a choice in the labora-
tory between a variety of substrates,.juvenile rock
sole sglect those substrates oontaining sand nearly
every time. When given a choice betwccn mud
and sand only, rock sole always selected satrd
(Moles and Norcross 1995). In the tield, juvenile
rock sole are often lbund on sand substrates
(Norcross et al. 1995).

Pacitlc halibut not only difl-er trom the other
two species in spatial behavior, but also havc dif-
lcrcnt fccding bchavior and they engage in teri-
torial partitioning. Pleuronectids rely on visual
cues in diurnal feeding (de Croot l97l) in addi-
tion to various levels of chemoreception. In our
tests, Pacific halibut fed in the water column and
relied heaviJy on visual detection of prey. Adult
Pacific halibut maintain home areas spatially dis-
tinct fronl thc home areas of other Paciflc halibut
(Phil l ip Hooge. U.S. Fish and Wildlifc Service.
Clacier Bay, Alaska. personal communication).
This is similar to the unifbrm distribution of the
juvenile Pacific halibut in our study. In contrast,
the demersally feeding yellou'f in sole and rock
sole may aggregate for the same rcason other spe-
cies school. such as protection from predato$.

Fcmalc Pacific halibut reach an adult length
of I m within only 8 yr (Trumble ct al. 1993) in
conffast to yellowfin sole, which mature at an
average length of 28 cm about 9 yr (Wilderbuer
et al. 1992). Rock sole are believed to have a similar
age and size at 50% maturity as yellowfin sole.
This h'emendous difference in growth was evi-
dent even in the young-ot-the-year in our study.
Significantly greater growth rates as age-Ojuve-
niles would allow Pacific halibut to move offshore
sooner, escape nearshore predators at an earher
agc, and mature quickly. Additionally. vhen Pa-
citlc halibut distribute themselves unifomly with
respect to each other. competition is reduccd and
territory is partitioned. Rather than adopt agonis
tic behavior common to such fish as salmonids
(Ryer and OIla 1995) to compete for food, Pacific
halibut may establish hunting areas devoid of other
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Paciflc halibut. The idea that some of the differ-
ences in size and distribution of adult flatfishes
are the resuh ofdit'felences in growth and behav
ior of agc-0 juvcniles deserves additional study
in the 1leld.
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