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Growth and Behavior of Juvenile Alaskan Flatfishes in the Laboratory

Abstract

Juvenile Pacific halibut reared in the laboratory grew at a [aster rate and had a more uniform distribution in behavior tests than
juveniles ol yellowfin sole and rock sole. Juvenile yellowfin sole und rock sole had similar 90-d growth rates (0.71-0.83% BWD)
in the laberatory at 10°C. whereas Pacific halibut grew significamly faster (1.29% BWD). Rock sole grew the same on both mud
and sand. despite a known preference for sand substrate in the field. Yellowfin sole and rock sole had an aggregated distribution in
the tanks as measured by nearest-neighbor analysis regardless of the presence of other species, whereas Pacific halibul had a
uniform distribution. These are the first observations of growth and behavior of juveniles of these species in the laboratory.

introduction

Understanding interspecific differences in growth
and behavior among various species of juvenile
flatfishes may increase understanding of such
specific differences as time spent in nursery ar-
eas, vulnerability 1o predators, types and sizes of
prey items, intraspecific and interspecific com-
petition for food and space. and productivity of
the stock. These processes are all influenced to
some degree by initial growth (Weatherley and
Gill 1987} and social interactions (Olla ct al. 1996)
of juveniles of many fish species. Growth also
hastens or delays recruitment of flatfishes into
the fishery: larger age-0 flatfishes have reduced
predation and faster maturation than smaller age-
O flatfishes (van der Veer et al. 1994). In addi-
tion, behavior can regulate distribution, feeding.
and predator avoidance in many fish species (Olla
et al. 1996).

Intuitively, different species may have differ-
ent growth rates and distributions as mechanisms
for partitioning the nursery grounds. Juvenile flat-
fishes reduce competitive interactions between
species through differences in habitat. such as depth
and substrate (Norcross et al. 1993), These dif-
terences in field distribution of similar-sized in-
dividuals are probably the result of a complex
interaction of a number of variables such as in-
terspecific differences in growth rates and behav-
ioral interactions.
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To better understand these initial differences
among species of Pacific flatfishes, we assessed
growth rates and spatial distribution among newly
settled recruits of three commercially important
species of flatfishes. We chose young-of-the-yeur
Pacific halibut (Hippoglossus stenolepis), yellowtin
sole (Limanda asper), and rock sole (Lepidopserta
bilineatus). The adults of these species consti-
tute over half of the flatfish catch in the north-
eastern Pacific Ocean, totaling a high of nearly
300,000 metric tons in 1992 {FAO 1993), The
combined flatfish fishery is the third largest fish-
cry in the northeastern Pacific Ocean, after wall-
eye pollock (Theragra chalcogranmma) and Pa-
citic salmon (Oncorhynchus spp.) (FAO 1995),
Extensive knowledge has been gathered about
adults of these flatfish species, but far less is known
about the juvenile stage. Because many of the
environmental conditions that affect growth and
behavior cannot be controlled in the field, our
studies were conducted in the laboratory.

Following a planktonic larval stage, the recruits
of all three species settle out into subtidal nurs-
ery areas (<40 m deep) for the first year or two
{Norcross et al. 1995) where they feed largely on
crustaccans. Following migration into deeper
waters as adults, the Pacific halibut grow to nearly
3 m in length, whereas yellowfin and rock sole
are typically <45-55cm. In the study described
here, we compared growth rates and spatial dis-
tributions among young-of-the-year flatfish ju-
veniles to determine whether differences were
evident as carly as the first vear of life.
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Methods

Preparation of Animals

Yellowfin sole and rock sole were 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 Island by plumb-staff beam trawl
{4-mm mesh) in August 1994 and 1995, All spcci-
mens (46-109 mm standard length, mean 69 mm
= 15.9) were transported live 1o the Auke Bay
Laboratory and held in flowthrough seawater tanks
on a mixed sand and mud substrate. Fish were
held for two months to acclimate to laboratory
conditions.

Individual fish were identified for repeated size
measurements and behavioral observations by
marking juveniles on the ventral surface at one
or more of four locations along the lateral mar-
gin with Alcian Blue dye (65 mg/ml aqueous
solution) to give each fish a unique mark. This
allowed us to measure the growth rates in each
fish rather than following the mean change of a
group of fish. This dye marking method (Thedinga
and Johnson 19935) is a fast, external, non-inva-
sive procedure that permits mark retention even
in rapidly growing juvenile fishes. Unanesthetized
flatfish were jet injected with dye using a Panjet
held 25 mm above the skin surface. Excess dye
was wiped off, and the fish held in a recovery
tank for 1 hr to verify dye retention. Alcian Bloe
dye does not affect juvenile flatfish growth, alter
tissue structure, or become incorporated into in-
ternal organs (Thedinga et al. 1997).

Growth Tesls

Growth tests were conducted in 70-L tanks (30 x
60 x 40) cm) under outdoor translucent panels with
a constant 12 hr/d of supplemental full-spectrum
lighting. Scawater flow rates were 1.4 L/m at 28%.
salinity and 10°C. such as is commonly observed
during late summer in flatfish nursery areas in
southeastern and southcentral Alaska. Tempera-
ture was controlled by resistive heaters, mercury
switches, and associated relays.

Groups of fish were reared on specific sub-
strates. Each species was tested on its preferred
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 measured
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on preferred and unpreferred sediments. Mud was
gathered intertidally, frozen and thawed three times
to kill any organisms present, then sieved to re-
move particles and macrofaunal prey items or-
ganisms larger than 63 um. Sand (64-249 um
diameter) obtained from a local gravel yard was
sicved to yield a mean particle size of 125 pm.
Fish were fed to satiation with a daily ration of
commercial blood worms (Tubifex tubifex) and
mysids (Mvysiy spp.) for two weeks before and
throughout the test. Crustaceans such as mysids
are a common component of juvenile flatfish di-
ets, and the addition of the bloodworms enhanced
the feeding response. The fish were fed six times
per day to reduce feed waste and size variance
due to possible competition for food among fish
(Brannds and Alandrid 1993). All fish ate vora-
ciously when food 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 fish,
rearcd for 90 d. Because it was only possible to
obtain 10 distinctive dye marks, it was necessary
to spread the 20 test fish of each treatment among
two tanks. This gave a final total of 8 tanks of 10
fish each.

Individual lengths (to nearest mn1) and weights
(in mg) were measured at 0, 30, 60, and 90 d on
the same individually-marked fish. Fish were
weighed live in a tared beaker of water, then quickly
measured for length and returned to the water.,
Growth rates for length (incremental growth rate)
and weight (specific growth rate) were calculated
for each fish (Fonds et al. 1995). Daily length
increments (dL) were computed from differences
in standard length (L) over time as: dL = (L —
L__/t, where £ is time in days. Specific growth
rate was computedas: G=(lnW_,—InW__)ix
100, where W is body wet weight. Only the 90 d
growth rates are presented here. Differences in
growth rates between the four treatment groups
were analyzed using a repeated measures one-
way ANOVA at day 0 and day 90 followed by
Tukey’s test of multiple comparisons at P =0.05.

Spatial Behavior Tests

The spatial distribution of flatfishes was deter-
mined using a grid painted on the botiom of a
4.8-m diameter 18,000 L circular tank divided
into 118 observation areas. Water depth was 1 m,
flow rate 20 L/min (to maintain sufficient oxy-




TABLE 1. Mcan lengths, weights, and growth rates (£SE) of three species of juvenile flatfishes reared in the laboratory for 90 d.
IGR= incremental growth rate as mm increase per day, SGR= specific growth rate as % body weight per day, N= 20.
Within IGR or SGR. means with the same superscript are not significantly different (P<0.03).

Halibut Yellowfin sole Rock sole on mud Rock sple on sand
0d 90 d 0d 0d 90d 04d 90
Length (mm) 72 (1.6) 93 (1.4 71 (4) 86 (4) 66 (4) 794 67 (4.1) 84(39)
Weight (g)  4.10(0.29)  11.63(0.62) 438077 889(14) 376¢0.79 6.2(094) 3.96(0.85) 6.9(0.92)
IGR 0.24(0.01¢ 0.19 (0.01p 015 {0.01® 0.19 (0.0
SGR 1.29 (0.03) 0.83 (0.04) 0.71¢0.013" 0.82 (0.10®

gen), salinity 29%e, and temperature 10°C; no
sediment was present. Twenty Alcian blue dye-
marked juveniles (average length 80 mm) of the
test species and 20 unmarked fish of the same or
a different species were chosen randomly and
introduced to the tank by net. Using the grid, we
measured the distance between each marked fish
and its marked nearest neighbor at 30 min inter-
vals for 20 hr, allowing us to calculate mean nearest
neighbor ratios over 20 hr periods for each group.
After 20 hr, the fish were removed and 40 new
fish of the next trial were introduced. All 6 com-
binations (halibut/halibut, yellowfin sole/yellowfin
sole, rock sole/rock sole, halibut/yellowfin, hali-
but/rock sole, and yellowfin sole/rock sole) were
tested with five replicate trials each for a total of
100 test individuals per species. No fish was used
for more than a single trial to insure independent
observations.

The distance-to-nearest neighbor method (Clark
and Evans 1954) described the intraspecific 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 of the same
species, but not of different species. The mea-
sure of spacing (R) indicates the degree to which
the distribution of the sample deviates from a ran-
dom distribution (R = 1). The smaller the value
of R, the more aggregated the distribution; the
higher the value, the more uniform the distribu-
tion. We examined differences in nearest neigh-
bor ratios using Wilcoxon signed rank tests.

Results

All fish grew substantially over the 90-d test pe-
riod. Yellowfin sole weights increased 103%, rock
sole weights increased 65% (mud) and 74% (sand),
and halibut weights increased 184%. Differences
in initial size between the species were not sig-
nificant for length or weight. Initial mean condi-

tion factors also did not differ significantly among
all tanks and treatment groups.

Pacific halibut grew significantly faster than
the other treatment groups (P < 0.001). Daily in-
cremental growth rates {(mm/d) were significantly
greater { P < 0.05) for Pacific halibut than for rock
sole or yellowfin sole (Table 1). By day 90, Pa-
cific halibut had grown 0.24 mm/d, 26% greater
than rock sole on sand or yellowfin sole, All of
these treatment groups increased in length greater
than rock sele on mud. There wus a significant
difference in incremental growth rate but not in
specific growth rate between rock sole on mud
and on sand. Other differences in growth rate
between species or substrate types were not sig-
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 contrast, when all 40 fish in the tank
were yellowfin sole, more aggregation occurred
(R =0.86 £0.02). Rock sole were significantly (
P < (.001) more aggregated (R = 0.71 + (0.01)
than yellowfin sole. Distribution patterns for each
species did not change when a second species was
present (Table 2), except for a decrease in unifor-
mity of Pacific halibut when rock sole were present.
Both yellowfin sole and rock sole became slightly

TABLE 2. Nearest-neighbor distances {R valucs + SE) for
experimental groups of marked juvenile [latfishes
of the same species (measured species) in the
presence of an equal sized group of the same ora
different species (influence species). N= 100 fish.

Intluence Species

Measured Yellowfin Rock Pacilic
Species sole sole halibut
Yellowfin scle 0.86(0.01) 66 (0.01y  2.000.3)
Rock sole 0.79(0.01)  0.71(0D 1.83 ¢0.02)
Pacific halibut 0.83(0.01) 073 (0.013 1.94 {0.02)
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more aggregated in the presence of the other spe-
cies. but this difference was significant only for
yellowfin sole (P < 0.01). The distribution of Pa-
cific halibut was not significantly different in the
presence of yellowfin sole, but was significantly
less uniform in the presence of rock sole (P <
0,013, Yellowfin sele and rock sole did not alter
their spacing in the presence of Pacific halibut.

Discussion

This is the first laboratory estimate of growth rates
following settlement for these valuable commer-
cial species, u period that is important to subse-
quent survival. Flatfishes, as most fishes, grow
most rapidly as juveniles (Paul et al. 1994), and
any reduction in juvenile growth rate prolongs
the juvenile stage. Mortality during this phase and
timing of onsct of maturation are directly deter-
mined by fish size (Zijlstra et al. 1982, Rijnsdorp
1993}, As fish size increases, predation on the
fish is reduced (or some {latfishes, and in such
cases survival is related directly to growth (Wit-
ting and 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
advantuge over slower-growing fish,

The differences in growth between Pacific
halibut and the other flatfish species examined in
this study are interesting, given the unique en-
ergy requirements of Pacific halibut, Pacific halibut,
which grew more rapidly than vellowfin sole or
rock sole in our study, have greater energy ex-
penditures than yellowfin sole. The oxygen re-
quirement for juvenile halibut is four times higher
than for yellowfin sole, duc to longer migrations
and more active feeding (Paul et al. 1994). Juve-
nile halibut compensate for this high rate by eat-
ing relatively larger meals than do adult fish (Paul
et al. 1994), In our study, growth rates of Pacific
halibut estimated by length were 26% greater than
tor yellowfin sole, and the specific growth rate
of halibut over the 90 d test period was 35% greater
than for yellowfin sole. The growth rates of flat-
fish in cur study are similar to estimates of growth
in the first year using age and size data from the
Gulf of Alaska. Smith et al. (1995) estimated that
yellowfin sole in the Gulf of Alaska grow 0.5%
BWD in their tirst year and Paul et al. (1994) es-
tirnated that Pacific halibut growth is at least (1L75%
BWD. Pacific halibut juveniles grow rapidly, tri-
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pling in length by age-1 (Southward 1967). This
initial surge of growth is an important factor in
determining year class strength in Pacific halibut
{Hagen and Quinn 1991).

Despite strong evidence from both laboratory
and tield studies that rock sole have a preference
for sand over mud, the growth rates for rock sole
on sand were not significantly greater than rock
sole on mud. When given a choice in the labora-
tory between a variety of substrates, juvenile rock
sole select those substrates containing sand nearly
every time. When given a choice between mud
and sand only, rock sole always selected sand
(Moles and Norcross 1993). In the field, juvenile
rock sole are often found on sand substrates
(Norcross et al, 1995).

Pacific halibut not only differ from the other
two species in spatial behavior, but also have dif-
ferent fecding behavior and they engage in terri-
torial partitioning. Pleuronectids rely on visual
cues in diurnal feeding (de Groot 1971) in addi-
tion to various levels of chemoreception, In cur
tests, Pacific halibut fed in the waler column and
relied heavily on visual detection of prey. Adult
Pacific halibut maintain home areas spatially dis-
tinct from the home areas of other Pacific halibut
{Phillip Hooge, U.S. Fish and Wildlife Service,
Glacier Bay, Alaska. personal communication).
This is stmilar to the uniform distribution of the
juvenile Pacific halibut in our study. In contrast,
the demersally feeding yellowfin sole and rock
sole may aggregate for the same reason other spe-
cies school, such as protection from predators.

Female Pacific halibut reach an adult length
of 1 m within only 8 yr (Trumble ¢t al. 1993} in
contrast to yellowfin sole, which mature at an
average length of 28 cm about 9 yr (Wilderbuer
etal. 1992). Rock sole are helieved to have a similar
age and size at 50% maturity as vellowfin sole.
This remendous difference in growth was evi-
dent even in the young-of-the-year in our study.
Significantly greater growth rates as age-0 juve-
niles would allow Pacific halibut to move offshore
sooner, escape nearshore predators at an earlier
age, and mature quickly. Additionally, when Pa-
cific halibut distribute themselves uniformly with
respect to each other, competition is reduced and
territory is partitioned. Rather than adopt agonis-
tic behavior common to such fish as salmonids
(Ryer and Olla 1995} to compete for food, Pacific
halibut may establish hunting areas devoid of other




Pacific halibut. The idea that some of the differ-
ences in size and distribution of adult flatfishes
are the result of differences in growth and behav-
ior of age-( juveniles deserves additional study
in the field.
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