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Abstract

Vertical distributions of larval fishes were examined
• .  .  9in Auke Bay, Alaska using an opening/closing 1.0 irr Tucker 

trawl horizontally towed, at six depths, every four hours 
for 24 hours.

In daytime, larval fishes concentrated at 5-10 m 
depths, coincident with highest prey densities. At night, 
osmerids ascended to the surface, walleye pollock and 
northern smoothtongue descended, whereas other species 
simply dispersed.

A significant relationship existed between larval 
walleye pollock length and depth distribution with larger 
larvae migrating further than smaller larvae. Yolk-sac 
larvae were randomly distributed vertically.

Larval walleye pollock are daytime feeders, primarily 
on copepod nauplii. Larval pollock approximately 7.0 - 7.5 
mm standard length expand their diet to include 
copepodites.
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INTRODUCTION

It is probable that spatial as well as temporal 
overlap between larval fish and their prey contributes to 
ichthyoplankton survival (Lasker and Smith 1977, Lasker 
1978) . Patchiness may be especially important for newly 
hatched larvae immediately following yolk absorption when 

search potential is low and the minimum concentration of 
food needed for larval survival is relatively high (Hunter 
1972; Lasker 1981; Schmitt 1986). Hjort (1926) suggested 
the "critical period" hypothesis:

...those individuals which at the very 
moment of their being hatched did not succeed in 
finding the very special food they wanted would 
die from hunger...in other words the origin of a 
rich year-class would require the contemporary 
hatching of the eggs and the development of the 
special sort of plants or nauplii which the 
newly hatched larva needs for its nourishment.

A highly variable environment may disrupt available 
food patches, resulting in suboptimal prey densities for 
first-feeding larval fish and reduced survival (Lasker 
1981). Stable ocean conditions favor aggregations of 
suitably sized food organisms whereas wind-driven turbulent 
conditions can dissipate and dilute potential prey, making 
it impossible for larvae to find sufficient food, and 
consequently, decreasing larval fish survival (Lasker 1981,
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Peterman and Bradford 1986).
The importance of starvation in larval mortality and 

subsequent recruitment varies among taxa. Houde (1987) 
distinguished between cod-like species (relatively long 
early life history stages and slow growth rates) and 
anchovy-like species (comparatively short early life 
histories and fast growth rates). Unfavorable growth 
conditions, while not necessarily leading to starvation, 
can prolong the duration of early life history stages and 
substantially increase the time of vulnerability to 
predation (Houde 1987). Reduced prey availability may have 
a greater effect in reducing survival in faster growing 
anchovy-like species (through reduced growth) than cod-like 
species. Survival and recruitment therefore depend on a 
species specific behavioral and physiological response to 
the environment, and generalities about recruitment 
mechanisms cannot be made (Lasker 1987). Each species 
needs to be examined separately for mechanisms influencing 
survival and possible relationships to subsequent 
recruitment.

Spatial coincidence with suitable prey may enhance 
survival. Larval fish maximum vertical densities that 
coincide with their maximum prey densities have been 
described for several areas. Buckley and Lough (1987) 
found higher prey levels of the copepods Ca1anus
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finmarchicus and Pseudocalanus spp. at vertically 
stratified sites than at well-mixed sites along southern 
Georges Bank. The highest copepod biomass was near the 
surface above the thermocline. Peak densities of larval 
haddock (Melanoqrammus aealefinus) and Atlantic cod (Gadus 
morhua ) coincided with the highest copepod biomass. 
Ellertsen et al. (1981) observed that the highest 
concentrations of larval Atlantic cod in Vestfjorden 
(northwestern Norway) corresponded well with their prey 
items (copepod nauplii). In the Bering Sea walleye pollock 
CTheragra chalcoqramma) larvae were shown to coincide 
vertically with maximum prey densities (Dagg et al. 1984, 
Nishiyama et al. 1986).

A common behavior of zooplankton is a nighttime ascent 
into shallower waters and a daytime descent to deeper 
waters (Vinogradov 1968, Hunter and Sanchez 1976, Buchanan 
and Haney 1980, Burris 1980, Wright et al. 1980, Valiela 
1984). Vertical migration is often attributed to negative 
phototaxis (Buchanan and Haney 1980), though other physical 
and biological cues probably play important roles in 
initiating, controlling, and orienting migration. Many 
theories have been suggested for such a widespread 
phenomenon though attempts "to provide one single 
hypothesis to account for all observed vertical migration 
represent a simplistic outlook on natural selection" (Zaret 
and Suffern 1976). Some possible advantages to vertical
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migrations are: Avoidance of competition from other
species, avoidance of predation, horizontal transport, 
energetic advantages, and prey availability (Valiela 1984). 
Brewer and Kleppel (1986) described vertical migration for 
ichthyoplankton (unidentified) in Santa Monica Bay, 
California, where larval fish were significantly stratified 
during daylight hours (no thermocline was present) and 
relatively more dispersed at night. Off the Oregon coast, 
larval Psettichthvs melanostictus increased in surface 
waters at night, while Gadus macrocephalus were nearer the 

bottom at night (Boehlert et al. 1985). Brewer and 
Kleppel (1986) found length specific vertical migration for 
Enqraulis mordax and Genvonemus lineatus. whereas Boehlert 
et al. (1985) found no trends of changes in depth 
distribution with increasing larval fish size off the 
Oregon coast. It is evident that vertical migration 
patterns reported for larval fish vary among taxa, and 
within taxa vary with larval length.
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OBJECTIVES
Knowledge about the vertical distribution of larval 

fish is crucial to a full understanding of their feeding 
habits. The objectives of this thesis were to examine the 
vertical distribution and vertical migration of 
ichthyoplankton in Auke Bay.
Specific objectives were to:
1. Describe the vertical distribution of larval fish in

Auke Bay as related to potential prey fields and 
physical structure of the water column,

2. Examine vertical migration of larval fish in Auke Bay,
3. Determine if larval walleye pollock vertical migration 

is length related,
4. Describe the daily feeding pattern of larval walleye

pollock with respect to larval length, time of day, 

and depth.
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STUDY AREA

Ichthyoplankton were sampled in Auke Bay (Figure 1) , a 

small embayment in Southeast Alaska (58°22'N; 134°40'W). 
Auke Bay is 19.3 km northwest of Juneau and 130 km inland 
from the open Gulf of Alaska. The bay is 16 km2 (T. 
Shirley, personnel communication) with an average depth at 
the sampling site (ABM, Figure 1) of 55-60 m and a mud and 

shell bottom.
Weather conditions during sampling were stable with 

little or no wind (average velocity 9.6 km hr-1 from the 
east), only a trace of precipitation, and minimum cloud 
cover (mostly after sunset) (NOAA 1987) . Tidal flux 
averaged 12.6 feet, a minimum for May 1987. On 22 May high 
tides were at 1006 and 2038, low tides were 0403 and 1611; 
on 23 May low tide was at 0500. On 22 May sunrise was 0418 
and sunset was 2133; on 23 May sunrise was 0416 (Figure 2).

Temperature and salinity profiles are illustrated in 
Figure 3. On 21 May a distinct pycnocline was evident at 
approximately four meters. Average temperature and 
salinity above the pycnocline was 7.9°C and 28.7°/oo; and 
below the pycnocline was 4.9 ° and 30.8 °/oo, respectively 
(Ziemann et al. 1988).

In Auke Bay copepod nauplii (probably Pseudocalanus 
spp.) are the dominant prey available to larval fishes 
during the herbivorous copepod maximum (Paul and Coyle
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Figure 1. Location of sampling station (ABM) in Auke Bay.
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Figure 3. A. Copepod nauplii (150-350 um) per liter (Paul and Coyle 

1988); and B. Temperature and salinity in Auke Bay 21 May 1987 

(Ziemann et al. 1988).
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1988). Copepod nauplii were collected during the day at 
the surface, 5, 10, 15, 20, and 30 m using a 30 L water 
bottle. Samples were passed through 24 urn mesh bag nets 
(Paul and Coyle 1988). On 21 May the daytime distribution 
of copepod nauplii (150-350 u m , Figure 3) were 
significantly concentrated (p<0.05) at five meters (Paul 
and Coyle 1988). This size range of copepod nauplii was 
shown to be the preferred prey size for larval walleye 
pollock (Sterritt 1989) and are here considered the 
potential prey of other larval fish species. No night 
sampling was conducted for prey densities.

METHODS AND MATERIALS 
Larval fish were collected using an opening-closing 

1.0 m* Tucker trawl with a 505 micron mesh body and cod 
end. Depths sampled were surface, 5, 10, 15, 20, and 30
meters with three replicates collected at each depth. The 

same sequence of depths was sampled for each sampling 
interval (i.e. all replicates at each depth were completed 
before proceeding to the next, deeper, depth stratum). On 
22 May 1987 starting at 0800, samples were collected every 
four hours for a 24 hour period (i.e. at 0800, 1200, 1600,
2000, 2400, and 0400). The net was opened on each tow for 
three minutes unless clogging (by phytoplankton) dictated 
earlier closing. Volume of water filtered was measured
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using a digital flow meter suspended in the center of the 
net mouth. Net clogging was generally not a problem with a 
mean volume filtered per tow at all depths, excluding 5 m, 
of 168.8 m3 (range: 87.6-237.8 m3). At 5 m, when clogging
did occur, sampling time was reduced. Mean volume of water 
sampled at 5 m was 82.8 m3 (range: 30.9-158.4 m3).

Samples were preserved immediately after collection
(shipboard) in 10% buffered formalin-seawater solution.
Larvae were later removed in the laboratory and enumerated 

.  .  .by species with densities expressed as numbers per 100 m . 
Two distinct yet unidentified species were labeled unknown 
A and B. Most sculpin were not identified beyond Cottidae 
and all snailfishes were identified as Cyclopteridae 

(Appendix 3).
Larval densities were examined within each sampling 

period for differences among depths using the Kruskal- 
Wallis test. If significant differences (i.e. p<0.05) 
existed among depths, pair-wise comparisons were made using 
non-parametric multiple comparisons suggested by Conover 
(1980, p: 280). Since there was no sampling below 30 m and 
the average depth of Auke Bay at the sampling site is 55-60 
m, ichthyoplankton could migrate in and out of the sampling 
depth range. To examine this possibility, overall larval 
densities were also examined among sampling intervals (i.e. 
eighteen samples at each time were compared among six time 
treatments) and referred to hereafter as comparisons "among
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sampling intervals." Pair-wise multiple comparisons were 
made when significant differences were found among time 

intervals (Conover 1980).
All intact walleye pollock larvae were measured in 

glycerin to the nearest 0.1 mm standard length with a 
dissecting microscope. No correction was made for larval 
shrinkage. Larval walleye pollock were grouped into three 
size categories for analysis of size-related vertical 
migration: Small <5.5 mm; Medium 5.6 to 6.9 mm; and Large 
> 7.0 mm. These categories are based on size-related 
differences in feeding habits (Kamba 1977, Kendall et al. 
1987). Larvae <5.5 mm usually have a yolk sac and may be 
prefeeding larvae. Copepod nauplii are the most important 
food item for larvae in size ranges M and L with 
copepodites becoming increasingly important at 7-8 mm, 
though nauplii still predominate (Kamba 1977, Incze et al. 
1984, Kendall et al. 1987). Differences in larval walleye 

pollock vertical distribution among size groups was tested 
using a randomized complete block design, the Quade Test 
(Conover 1980).

To describe walleye pollock feeding over time, 20 
larvae were selected from each sampling interval (10 larvae 
from each of two size categories defined below) at the 
depth where larvae were most concentrated (Appendix 1). 
Insufficient larvae were available to compare all depths.
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Two size categories are defined: Larvae <7.0 xnm (group M)
and larvae >7.0 mi (group L). No yolk-sac larvae (group S) 
were examined. Larvae were chosen to represent the 
entire size range collected, excluding yolk sac.

At 0800 and 1600 only, sufficient larvae were present 
from two different depths (Appendix 1) for comparison of 
total gut volume between depths using the Mann-Whitney IT- 
Test. To examine the effects of small sample size (N=20 at 
each depth), gut volumes at each depth were bootstrapped 
500 times and 500 Mann-Whitney U-tests run between the 
pairs of data produced. The z-scores obtained were plotted 
on a quantile-quantile plot against a uniform distribution 
and compared to original z-score values.

To estimate larval walleye pollock gut content volume, 
larvae were placed in glycerin on a glass slide and guts 
were dissected from the larvae with a dissecting 
microscope. All items in the foregut, midgut, and hindgut 
were teased out. The esophagus was examined for contents. 
All items were identified, counted, and measured to the 

nearest 0.01 mm with a compound scope. Egg diameters and 
metasomal lengths of nauplii and copepodites were used in 
mensuration formulae (Appendix 2) to estimate volume 
(Nishiyama and Hirano 1983). Pseudocalanus spp. 
mensuration formulae were used to estimate the volumes of 
unidentified copepodids (only one). Length to width ratios 
of copepodids used were from Kendall et al. (1987)
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(Appendix 2). The volumes of other food items (chyme) were 
estimated using standard formulae for cylinder, ellipse, 
and sphere. For chyme measurements, depth was assumed 
equal to width.

Gut content volume comparisons were made using 
nonparametric average ranking methods (Conover 1980) and 
exploratory data analysis (Chambers et al. 1983).

RESULTS
Vertical Distribution

A total of 7827 fish larvae were collected in 108 
samples representing more than 26 species (Appendix 3). 
Eulachon were most abundant, comprising 40.8% of larvae 
collected, followed by capelin (27.8%) and walleye pollock 
(8.9%) (Appendix 3). Appendix 4 contains tables of mean 
densities by time and depth and significance levels from 
Kruskal-Wal1 is analyses for all species discussed. 
Sufficient larvae were collected for analyses of osmerids 
(eulachon and capelin), walleye pollock, flathead sole, 
northern smoothtongue, rock sole, spinycheek starsnout, 
Pacific sandlance, longsnout prickleback, and snake 
prickleback.

During daylight hours larval fish were concentrated at
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depths of 5-10 m with the highest densities at 5 m, (Figure 
4). At night most larvae were at the surface. However, 
overall density mainly reflects the distribution of 
osmerids (eulachon and capelin; Figure 5) which together 
accounted for over 68% of all larvae collected (Appendix 
3). When osmerids are removed from the total, the pattern 
of vertical distribution changes dramatically (Figure 6). 
Generally, other larvae were concentrated at 5-10 m during 
the day. However, contrary to osmerids, they tended to 
move deeper at night. A significant increase in total 
larvae occurred at 2400 (p<0.05). The increase also
occurred in the total numbers sans osmerids (p=0.02), but 
not for osmerids alone (p=0.44). Osmerid maximum density 
was observed on 2 June 1987 (77.0 larvae m-2). Density on 
22 and 23 May was approximately 12.4 larvae m“2 (Haldorson 
et al. 1988).

Walleye pollock vertical distribution was 
significantly stratified within each sampling interval. No 
walleye pollock were found in surface waters (Figure 7). 
At 0800 the highest density of larvae was at 5 m, 
coincident with the maximum daytime density of copepod 
nauplii. The maximum density was present at 10 m at 1200 
but returned to 5 m at 1600. By 2000 the greatest density 
was at 15-20 m, remaining at these deeper depths through 
midnight. At 0400 the maximum density was at 10 m. No
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Figure 4. Distribution of total fish larvae over six depths, based
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four hour intervals in Auke Bay on 22 and 23 May 1987.
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Figure 5. Distribution of osmerid (eulachon and capelin) larvae 

over six depths, based on mean density (larvae/100 mA3) of three  

replicates sampled at four hour intervals in Auke Bay on 22 and 

23 May 1987.
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Figure 7. Distribution of walleye pollock larvae over six depths, 
based on mean density (larvae/100 m A3) of three replicates, 
sampled at four hour intervals In Auke Bay on 22 and 23 May 1987.
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significant (p=0.76) difference occurred in mean larval 
density among sampling intervals. Larval walleye pollock 
maximum density (3.2 larvae m~2) was observed on 2 June

. • — 91987. Density was approximately 1.6 larvae m * on 22 and 
23 May 1987 (Haldorson et al. 1988).

At 0800, 1200, and 1600 larval flathead sole maximum 
densities were significantly concentrated at five meters 
(p=0.01) coincident with the maximum daytime density of 
copepod nauplii (Figure 8). At 0400 they were significantly 
stratified at 5-10 m (p<0.05). At 2000 and 2400 highest 
densities were still in shallower water (surface to 10 m) 
but larvae were more dispersed throughout the water column. 
There was a significant (p<0.05) difference in mean larval 
density among sampling intervals with increased numbers of 
flathead sole larvae at 2000, 2400, and 0400 though only 
2000 was significant. Maximum density of flathead sole 
(2.2 larvae m-2) was observed on 2 June 1987. Density on 
22 and 23 May 1987 was approximately 0.2 larvae m -2 
(Haldorson et al. 1988).

Larval northern smoothtongue were significantly 
stratified (p<0.02) in the water column at all times except 
2400 (Figure 9). No larval northern smoothtongue were 
found at the surface. At all times highest densities were 
at 15-30 m and below the daytime copepod nauplii maximum. 
At 2400 the second highest density was at 5 m although no 
significant (p=0.08) differences existed with depth. There
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Figure 8. Distribution of flathead sole larvae over six depths, based on
mean density (larvae/100 m A3) of three replicates, sampled at four hour
intervals in Auke Bay on 22 and 23 May 1987.
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replicates sampled at four hour intervals in Auke Bay on 22 and 

23 May 1987.
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was a significant difference (p<0.01) among sampling 
intervals with higher densities at 0800 to 1600 than 2000 
to 0400. Observed densities of larval northern 
smoothtongue from 21 April through 2 June 1987 cycled from

— O ,a high of 1.2 larvae m * to lows of approximately 0.2 
larvae m-2 with a density on 22 and 23 May 1987 of 0.8 
larvae m-2 (Haldorson et al. 1988).

Maximum densities of larval rock sole sampled at 0800, 
1200, 1600, 0400 are at 5-10 m, although only at 0800 was 
depth distribution significantly non-random (p=0.03, Figure 
10). At 2000 and 2400 the larvae are distributed deeper, 
below the maximum nauplii density, but not significantly. 
No larvae were found at the surface at any time interval. 
There was no significant difference in densities (p=0.58) 
among sampling intervals. Maximum observed densities (3.0 
larvae m-2) occurred on 28 April 1987. Density on 22 and 
23 May was 0.1 larvae m-2 (Haldorson et al. 1988).

Larval spinycheek starsnout were significantly depth 
distributed and generally concentrated below 5 m at 0800, 
1200, 1600, 2000, and 0400 (Figure 11) . At 2400 there was
no significant difference among depths (p=0.15). There was 
no significant difference in larval density (p=0.13) among 
sampling intervals. Larval spinycheek starsnout observed 
maximum densities (1.6 larvae m“2) occurred on 9 June 1987. 
Density on 22 and 23 May 1987 was approximately 0.6 larvae 
m-2 (Haldorson et al. 1988).
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Figure 10. Distribution of rock sole larvae over six depths based

on mean density (larvae/100 m A3) of three replicates, sampled at

four hour intervals in Auke Bay on 22 and 23 May 1987.
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Figure 11. Distribution of spinycheek starsnout larvae over six

depths, based on mean density (larvae/100 mA3) of three replicates,

sampled at four hour intervals in Auke Bay on 22 and 23 May 1987.
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Larval sandlance were only found at 5 and/or 10 m from 

0800 to 1600 and at 2000 from 10-30 m (Figure 12). By 2400 
sandlance were found from the surface to 30 m and at 0400 
were found only at 5-15 m. These distributions, except for 
2000, were not significant. There were significantly 
(p<0.001) more larval sandlance at sampling intervals from 
2000 to 0400 than at other times. Larval sandlance density 
on 22 and 23 May was <0.1 larvae m~2, down from an observed 
peak density (16.3 larvae m-2) on 31 March 1987.

No longsnout prickleback were found at the surface 
during any sampling interval (Figure 13). Highest daytime 
densities (0800 to 1600) appear to mimic the daytime 
pattern seen with larval walleye pollock, though not 
significantly. There was a significant vertical 
stratification of larvae at 2000 from 15-30 m (p=0.03), and 
significant stratification at middepth (10-15 m, p<0.02) at 
2400 and 0400. There was no significant difference 
(p=0.06) in larval longsnout prickleback densities among 
sampling intervals even though there was an apparent 
increase at midnight. Peak densities of longsnout 
prickleback (0.2 larvae m-2) were observed on 9 June 1987 
and approximate density on 22 and 23 May 1987 was 0.2 
larvae m-2 (Haldorson et al. 1988).

Larval snake prickleback were not found at the surface 
at any time nor was there significant stratification at any 
time interval (Figure 14). There was a significant
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Figure 12. Distribution of sandlance larvae over six depths, based

on mean density (iarvae/100 m A3) of three replicates, sampled at

four hour intervals in Auke Bay on 22 and 23 May 1987.
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Figure 13. Distribution of longsnout prickieback larvae over six

depths, based on mean density (larvae/100 mA3) of three replicates,

sampled at four hour intervals in Auke Bay on 22 and 23 May 1987.
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Figure 14. Distribution of snake prickleback larvae over six depths,

based on mean density (larvae/100 mA3) of three replicates, sampled

at four hour intervals in Auke Bay on 22 and 23 May 1987.
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difference (p<0.01) in larval density among sampling 

intervals with more larvae occurring in the 2400 samples 
than at other times. Larval snake prickleback observed 
maximums (1.5 larvae m“2) occurred on 14 April 1987. 
Approximate density on 22 and 23 May 1987 was 0.2 larvae 

m-2 (Haldorson et al. 1988).
Though other species of larval fish were sampled 

(Appendix 3) their densities were too low to describe 
vertical distributions.

Walleve Pollock Vertical Distribution bv Larval Length
There was significant (p<0.005) heterogeneity in 

vertical distribution of larval walleye pollock among size 
groups (Figure 15) . Small larvae (<.5.5 mm) were 
distributed differently (p<0.05) from large larvae (>7.0 
mm) but not from medium larvae (5.6<larvae<6.9 mm,
0.l>p>0.05). There was no difference in depth distribution 
between medium and large larvae (p>0.1).

The three size groups had different levels of 
heterogeneity among densities at depth (Figure 15). Small 
larvae had no depth distributions that were significantly 
stratified. However, both medium and large larvae depth 
distributions were significantly stratified in five of the 
six time periods. The exceptions were at 1600 for large 
larvae and 0400 for medium larvae.
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Figure 15. Distribution of walleye pollock larvae over six depths, 
based on mean density (larvae 100 m A-3) of three replicates, sampled 

at four hour intervals in Auke Bay on 22 and 23 May 1987. Solid bars 
are larvae <=5.5 mm, open bars are larvae 5.6-6.9 mm, stippled bars 

are larvae >=7.0 mm.
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Daily Feeding; Larval Walleve Pollock
Due to the stratified vertical distribution of larval 

walleye pollock there were insufficient larvae to compare 
feeding at all depths. Gut volumes did not differ between 
5 m and 15 m depths for medium or large larvae at 0800 
(p=0.08) and large larvae at 1600 (p=0.16). The Mann-
Whitney z-score for the original data fell well within a 
95% confidence range created by the bootstrapped z-scores 
suggesting the acceptance of the null hypothesis, no 
difference in gut volume between depths at 0800 and 1600, 
was correct.

Gut contents of both medium and large larvae increased 
with increasing light and decreased during the evening 
until empty at 0400 (Figure 16). Larval walleye pollock 
appear to feed during the day and cease feeding at night
(p<0.01).

Mean (+1 SD) nauplii metasomal length from prey in 
stomach contents was 0.29 mm (+0.05 mm). Mean (+1 SD) 
copepodite metasomal length was 0.4 mm (+0.08 mm).

Gut content volumes collected at 0800, 1200, and 1600 
were combined due to their similarity (p=0.09). Gut volume 
was significantly related to larval length (p<0.001) and 
was described by: Gut Volume"(1/3) = 0.03 + 0.03*Length;
r=0.66 (Stnd. Error = 0.05). Using the cube root of gut 
volume corrected for data non-normality.
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Sampling Interval

Figure 16. Notched boxplots of larval walleye pollock 
gut volume for each sampling interval. Width is 

proportional to sample size. Notches approximate a

95% confidence interval (overlapping notches indicate 
similar volumes).
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When total volume is plotted against length and 

fitted with a robust curve (Figure 17), an increase in 
volume is evident at approximately 7.0-7.5 mm. Nauplii 
volume and copepodid volume were plotted separately against 
length and fitted with robust curves (Figures 18 and 19, 
respectively). Nauplii volume increases above 7.0 mm 
(p<0.01), but probably does not account for the rather 
dramatic increase seen in Figure 17. A greater increase, 
occurring at approximately 7.0 mm (p<0.01), is observed 
when copepodite volume is plotted against larval length 
(Figure 19).

DISCUSSION

Advantages of vertical migration by larval fish may 
include enhanced prey availability, predator avoidance, 
more efficient energetics, and horizontal transport 
(Vinogradov 1968, Yamashita et al. 1985, Valiela 1984).

Three vertical migration patterns were observed in 
Auke Bay: 1) a migration up at night and down during the
day (e.g. eulachon and capelin), 2) daytime shallow 
distribution with a deeper distribution at night (e.g., 
pollock and rock sole), and 3) a general vertical 
dispersion at night (e.g., sandlance and flathead sole). 
Some species displayed no vertical migration. The 
generally accepted pattern of zooplankton vertical 
migration is an active upward movement of most species at
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Figure 17. Scatterplot with smoothed lowess line 
of larval walleye pollock gut volume, for sampling 

intervals 0800, 1200, and 1600, against larval length.
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Figure 18. Scatterplot with smoothed lowess line 
of larval walleye pollock gut volume, copepod nauplii 

only, for sampling intervals 0800, 1200, and 1600, 
against larval length.
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Figure 19. Scatterplot with smoothed lowess line 
of larval walleye pollock copepodite gut volume, for 
sampling intervals 0800, 1200, and 1600, against 
larval length.
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night, with nocturnal feeding in shallower water. At dawn 
there is a return to deeper depths (Vinogradov 1968, 
Valiela 1984). Osmerids followed this pattern of migration 
and were found at 5 m during the day and at the surface at 
night. Larval fish are visual feeders (Hunter 1984); 
consequently, osmerids probably feed during the day at 
deeper depths, and reduce or stop feeding at night in 
shallower water. Apparently another explanation is needed 
to explain osmerid upward migration at night.

Larval walleye pollock and rock sole were concentrated 
during the day at depths with maximum prey densities. 
These larvae migrated deeper in the water column at night, 
contrary to the accepted pattern of zooplankton vertical 
migration. Reverse diel migration (deep during the night 
and shallow during the day) was described for the Japanese 
sand-eel Ammodvtes personatus. a pattern common in the 
genus Ammodvtes (Yamashita et al. 1985). Pollock feed 
during the day and stop feeding at night. Rock sole 
probably follow the same feeding pattern. As with the 
osmerids, an alternate motivation other than feeding 
initiates nighttime migration away from maximum prey 
densities. Prey availability is probably responsible for 
the daytime return to shallower depths.

At 1200, walleye pollock larvae were concentrated at 
10 m whereas at 0800 and 1600 the larvae were concentrated 
at 5 m. This descent in depth occurred during maximum
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sunlight intensity. A similar midday descent was observed 
in rock sole (Figure 10) and longsnout prickleback (Figure 
13), and was also described for king crab larvae (Shirley 
and Shirley, In Press). This suggests an active avoidance 
of high light levels.

Larval walleye pollock vertical migration was 
described in Uchiura Bay, Japan, where larvae (lengths 4-35 
mm) had the highest frequency of occurrence (100%) at the 
surface during the night, but only 10% during the day, 
suggesting they follow a classic diel vertical migration 
pattern (Kamba 1977). Kamba (1977) also suggested this 
migration was size related with only the larger larvae 
(approximately >10 mm) migrating. In the Gulf of Alaska, 
walleye pollock larvae (11.1 mm mean standard length) were 
found concentrated at 10-15 m at twilight but were more 
dispersed during night and day, with a deeper distribution 
during the day than at night (Kendall et al. 1987). 
Walleye pollock mean standard length in this study was 7.4 
mm, mean standard length in the Gulf of Alaska was 11.1 mm 
(Kendall et al. 1987) and in Uchiura Bay length ranged from 
4-35 mm (Kamba 1977). Migratory patterns may vary with 
differences in length (ontogenetic changes) and environment 
(ex. light intensity, temperature, and/or salinity). A. 
personatus migration was size-related with larvae <5 mm not 
migrating. Migration began at 5-6 mm with the range of
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migration increasing with larval length (Yamashita et al. 
1985). The present study suggests that walleye pollock 
larvae <10 mm in Auke Bay do migrate with the range 
increasing with increasing length. There is little or no 
migration of yolk sac larvae.

Flathead sole (Figure 8) and sandlance (Figure 12) 
appeared to concentrate during the day at depths with 
maximum potential prey densities, and dispersed at night. 
This apparent dispersal may have resulted from larvae 
moving upward from depths greater than 30 m (there were 
more total flathead sole and sandlance larvae collected 
during the night than at other times), or resulted from 
daytime net avoidance. The same causes may account for 
increased numbers of snake pricklebacks collected at night. 
Without samples from below 30 m it is difficult to favor 
one argument over another.

Larval fishes that were concentrated at depths with 
maximum densities of copepod nauplii during the day moved 
away from these depths at night: osmerids (Figure 6) were
concentrated at the surface, pollock (Figure 7) and rock 
sole (Figure 10) were distributed deeper, and flathead sole 
(Figure 8) and sandlance (Figure 12), may have dispersed 
vertically. There is no advantage, considering prey 
availability, for actively feeding larval fish to leave 
depths of highest prey concentration, especially if the 
prey do not migrate (Hutchinson 1967, Vinogradov 1968).
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During the day predatory zooplankton (e.g. euphausiids) 
are in deeper waters, migrating upward at night (Krieger 
1987) . Larval fish may minimize their spatial overlap with 
potential predators by migrating away from prey maximums at 
night, moving back to those prey fields during the day when 
nocturnal predators descend to deeper waters.

Migration to depths with lower temperatures may 
provide energetic advantages through reduced respiration. 
The energy conserved may be reallocated into growth; 
consequently larvae that migrate might grow to a larger 
size (Valiela 1984) and more quickly pass through a life 
history stage that experiences high mortality. This 
requires energy benefits to outweigh energy losses through 
migration and slower growth at colder temperatures. Most 
ichthyoplankton in Auke Bay maintained a position below the 
thermocline. The change in temperature over the observed 
vertical migration range was 1.3°C (6°C at 5 m and 4.7°C at 
30 m, Figure 3). Haldorson et al. (In Press) suggest that 
in 1989 larval walleye pollock had slower growth due to 
reduced temperatures (1-2°C due to early hatching) than in 
previous years that had encountered similar prey densities. 
Though not measured, metabolism was also probably reduced. 
This temperature difference over the migratory range may 
be sufficient to produce energetic advantages.

Osmerids (capelin and eulachon) did migrate through



the thermocline, from 5 m (6°C) to the surface (9.3°C). 
Assuming osmerids were feeding during the day at 5 m and 
stopped or reduced feeding at night, they may have ascended 
into warmer water to stimulate digestion. Wurtsbaugh and 
Neverman (1988), tested this hypothesis using Cottus 
extensus (6-30 mm standard length, at Bear Lake, Utah- 
Idaho). These larvae feed on the bottom during the day and 
migrate at night into the water column where temperatures 
are 10°C warmer. The warmer temperatures promoted 
digestion and allowed the fish to feed and grow three times 
faster than if they had remained in the colder hypolimnion 
(Wurtsbaugh and Neverman 1988). Temperature differences 
experienced by osmerids were not as extensive (a change of 
3.3°C) as noted above, but may have been sufficient to 
increase digestion and subsequently promote increased 
growth, and might provide an energetic advantage for 
vertical migration.

Vertical migration may aid a population in maintaining 
its location, or its dispersal, in a dynamic environment 
(Valiela 1984). To examine horizontal transport would 
require a sequence of tows over several days, probably in 
several locations, coinciding with various tidal cycles. 
This study was conducted only during minimum tidal flux for 
May 1987 and does not allow testing this hypothesis.

A minimum prey density (or threshold density) may be 
required for successful first feeding by larval fish.

49



50

Threshold concentrations of potential prey required for 
successful larval feeding have been described for a limited 
number of species. Ten percent of first-feeding, 
laboratory reared, walleye pollock yolk-sac larvae (average 
total length 4.7+0.4 mm) fed on 100-300 urn diameter wild

t  • •  —  1caught nauplii at prey concentrations of 10 1 (Paul 
1983). Increasing nauplii concentrations to 50 l-1 did not 
increase the percentage of larval pollock feeding, however 
Paul (1983) did state that the "experimental design allowed 
some larvae that probably were not ready to initiate 
feeding to be included in the experiments,...the non
feeding larvae still had yolk [and could possibly] initiate 
feeding at a later time" (Paul 1983). The effect of 
delayed feeding and varying prey densities on larval 
walleye pollock was examined by Bailey and Stehr (1986). 
Starved larvae had high mortality between 7-8 days, and if 
fed after 4 days of starvation had reduced growth rates. 
Larvae fed after 3 days of starvation had no growth after 1 
week. Highest growth was in larvae with no starvation 
period. Greater than 90% mortality was observed at prey 
densities of less than five rotifers ml-1, with the highest 
growth rate at 50 rotifers ml-1 (Bailey and Stehr 1986) . 
These growth rates were slower than in situ growth 
estimates (Bailey and Stehr 1986). The findings above 
demonstrate a critical feeding period (3-4 days) for larval
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walleye pollock, with growth and survival correlated to 

prey availability. Though species and size specific, it is 
axiomatic that threshold levels of prey availability exist 
for all larval fish.

Spatial coincidence of first feeding larval fish with 
maximum densities of potential prey increase the likelihood 
that threshold densities will be met or exceeded. Highest 
daytime densities of potential prey for the present study 
were at 5 and 10 meters (16.7 and 10.5 nauplii l-1, 
respectively, Figure 3). Prey densities were less than 10 
l-1 at other depths. Assuming densities of 10 nauplii l-1 
are needed to initiate first feeding in larval walleye 
pollock (using Paul's 1983 estimate), the advantages of 
spatial coincidence of first feeding larvae with maximum 
prey densities are obvious.

Spatial coincidence with maximum prey densities may 

represent a distinct foraging advantage for larval fish. 
Overall volume searched and feeding success increase as a 
function of larval length and age (Hunter 1972). For 
example, larger larval Enaraulis mordax had highest 
swimming velocities and formed a strike posture faster, 
resulting in shorter feeding seguences (Hunter 1972). 
This relationship of length to volume searched is probably 
applicable to most larval fish; consequently, association 
with higher densities of potential prey most benefits the 
earliest life history stages when search potential is
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lowest.
Four of the five larval fish species temporally 

synchronous with copepod nauplii maximums, capelin, 
eulachon, walleye pollock, and flathead sole (Haldorson and 
Watts 1986, Haldorson et al. 1987, 1988), were concentrated 
vertically with the highest daytime potential prey density 
at five meters. Rock sole and sandlance, temporally 
nonsynchronous species (Haldorson and Watts 1986, Haldorson 
et al. 1987, 1988) were also concentrated during the day at 
this depth. Three of the five larval fish species that 
were not temporally synchronous with copepod maximums did 
not stratify vertically with daytime potential prey 
maximums (northern smoothtongue, longsnout prickleback, and 
snake prickleback) . Spinycheek starsnout, a synchronous 
species, was not found to concentrate vertically with prey 
maximums. Nonspatially snychronous species may have higher 
search rates, lower prey density requirements, or feed on 
prey other than copepod nauplii.

No difference was detected in gut volume of walleye 
pollock larvae from 5 and 15 m depth (either size group, 
5.6-6.9 mm and >7.0 mm). Though this study did not 
determine daily ration for larval walleye pollock, prey 
densities were probably sufficient to fulfill nutritional 
requirements at both 5 and 15 m.

Yolk-sac larvae are probably not dependent on
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exogenous food sources for survival. Larval walleye 
pollock <5.5 mm were evenly distributed from 5 to 30 m 
during the day. At 5°C the yolk-sac stage lasts about 15 
days (Hamai et al. 1971). Yolk-sac larval walleye pollock 
begin to feed at 5 days at 5°C and 9 days at 3°C (Paul 
1983). These larvae may gain experience as predators and 
be better prepared to cope with their environment at yolk 
absorption (Incze et al. 1984), but are not as dependent on 
prey fields as older larvae and are consequently less 
likely to vertically stratify coincident with potential 
prey maximums.

Nonmigrating yolk-sac larvae may also experience 
reduced predation. Some predators, such as chaetognaths 
(Hunter and Sanchez 1976), use movement or turbulence 
produced by prey for detection and attack. The reduction 
of active feeding by yolk-sac larvae may reduce predation, 
and reduce the pressure to migrate.
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CONCLUSIONS
1. Eulachon, capelin, walleye pollock, and flathead

sole have daytime vertical distributions whose 
maximum densities coincide significantly with the 
maximum density of prey fields. Spinycheek 
starsnout and northern smoothtongue are not 
significantly distributed vertically with potential 

prey maximum density.
2. At least three patterns of diel vertical migration 

exist:
a) Up at night and down during the day,
b) Shallow during the day and deep at night,
c) Concentrated during the day at depth with

dispersion at night,
No migratory pattern was discerned for several 
species.

3. Larval walleye pollock diel vertical migration is
size related with larger larvae migrating more than 

smaller larvae.
4. Larval walleye pollock feed primarily on nauplii

(mean metasomal length 0.29 mm + 0.05 mm) during
daylight. Larval pollock 7.0 to 7.5 mm standard 
length increase their dietary breadth to include 
copepodites. There was no difference in larval 
walleye pollock gut content volume between depths 
(5 m vs. 15 m) .
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Sampling scheme used for larval walleye pollock gut 
analysis. Two size categories were defined for each depth: 
larvae <7.0 mm (M) and larvae >7.0 mm (L). N = the number 
of larvae sampled. Sufficient larvae were available only 
at 0800 and 1600 for multiple depth comparisons.

Appendix 1.

Time Depth N Size ]

0800 5 10 M
0800 5 10 L
0800 15 10 M
0800 15 10 L

1200 10 10 M
1200 10 10 L
1600 5 10 M
1600 5 10 M
1600 15 10 L

2000 20 10 M
2000 20 10 L

2400 15 10 M
2400 15 10 L

0400 10 10 M
0400 10 10 L
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Mensuration formulae (Nishiyama and Hirano 1983) used 
to calculate volume of larval walleye pollock gut contents. 
Metasome:whole body ratio, M=0.97 (Nishiyama and Hirano 
1983), and copepodid lengthrwidth ratio, K=2.239 (Kendall 
et al. 1987). Lc=Carapace length. Lm=Metasomal length.

Volume of egg and spherical chyme:
V=(pi*D3)/6 D=diameter

Volume of nauplii:
V=(pi*Lc3)/24 

Volume of copepodites:
V=((Lm/6)*(Lm/K)2*pi)/M

Cylindrical chyme:
V=pi*r2*L
L=length and r=radius

Ellipsoid chyme:
V=4*(pi*a*b*c)/3

where a is the semimajor axis, and b & c are 
semiminor axes. If L/2 (L=Length) equals a, 
and w/2 (w=width) equals b or c (b & c are 
assumed equal), then:

V=4*(pi*(L/2)*(w/2)2)/3

Appendix 2
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Appendix 3.

Identification and number of ichthyoplankton collected 
in Auke Bay, 22 & 23 May 1987.
Family

Species Common Name
No. of 
Larvae

Osmeridae
Thaleichthvs pacificus 
Mallotus villosus

Gadidae
Theraara chalcoaramma 
Gadus macrocephalus

Agonidae
Bathvaaonus infraspinatus

Stichaeidae
Lumpenella lonqirostris 
Lumpenus saqitta 
Anoplarchus insiqnis

Bathylagidae
Leuroglossus schmidtii

Eulachon
Capelin

Walleye pollock 
Pacific Cod

3190
2173

697
1

Cottidae
Mvoxocephalus polvacanthocephalus

Great Sculpin 
Leotocottus armatus Staghorn Sculpin
Unidentified (possibly 6-8 spp.)

Pleuronectidae
Hippoglossoides elassodon

Flathead Sole 
Leoidopsetta bilineata Rock Sole
Psettichthvs melanostictus

Sand Sole
Platichthvs stellatus Starry Flounder
Limanda aspera Yellowfin Sole
Parophrvs vetulus English Sole

Ammodytidae
Ammodvtes hexapterus Sandlance

Cyclopteridae
snailfishes (unidentified)

4
18
93

151
48
20
43
1
1

122

27

40.8
27.8

8.9
<0.1

Spinycheek Starsnout 556 7.1
Longsnout Prickleback 230 2.9
Snake Prickleback 101 1.3
Slender Cockscomb 9 0.1

Northern Smoothtongue 219 2.8

<0.1
0.2
1.2

1.9
0.6
0.3
0.6

<0.1
<0.1

1.6

0.3
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Appendix 3. (con't)

Identification and number of ichthyoplankton collected 
in Auke Bay, 22 & 23 May 1987.

Family
Species Common Name

No. of 
Larvae %

Cryptacanthodidae
Delolepis aiaantea Giant Wrymouth 14 0.2

Clupeidae
Clupea harenaus Herring 6 0.1

Ptilichthyidae
Ptilichthvs croodei Quill Fish 1 <0.1

Hexagrammidae
Hexacrrammos stelleri Whitespotted Greenling 1 <0.1

Unknown A 45 0.6

Unknown B 18 0.2

Unidentifiable (damaged) 38 0.49

Total 7827
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Means, standard errors (in parentheses), and 
significance levels (p-values from Kruskal-Wallis average 
ranking) for ichthyoplankton collected in Auke Bay every 
four hours over 24 hours at six depths. Total equals 
larval density collected per sampling interval. Density is 
larvae per 100 cubic meters. Date collected 22 and 23 May 
1987.

Appendix 4.

Total Ichthyoplankton

Time 0800 1200 1600
Depth

0 1.4(0.7) 0.5(0.3) 0.6(0.2)
5 66.9(9.9) 238.8(48.7) 65.5(25.4)

10 26.8(6.4) 38.4(3.3) 20.2 (3.2)
15 33.8(4.6) 16.2(3.5) 23.6(0.9)
20 10.5(2.0) 12.2(2.7) 5.3(1.8)
30 3.4(0.9) 5.8(0.9) 6.5(2.2)

Total 428.3 935.9 365.3

P = 0.01 0.01 0.01

Time 2000 2400 0400
Depth

0 4.0(0.7) 674.8 (77.4) 2.5(0.9)
5 81.6(15.6) 25.4(5.0) 44.7(42.8)

10 28.9(6.0) 37.3(9.0) 34.1(11.5)
15 22.1(1.8) 40.6(3.8) 17.8(1.0)
20 14.4(3.9) 25.2(2.5) 2.0(0.4)
30 15.7(2.0) 18.9(0.9) 3.0(1.9)

Total 500.6 2466.8 1518.2

P = 0.02 0.02 0.01
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Means, standard errors (in parentheses), and 
significance levels (p-values from Kruskal-Wallis average 
ranking) for ichthyoplankton collected in Auke Bay every 
four hours over 24 hours at six depths. Total equals 
density collected per sampling interval. Density is larvae 
per 100 cubic meters. Date collected 22 and 23 May 1987.

Appendix 4 (con't)

Osmerids (Capelin and Eulachon)
Time 0800 1200 1600

Depth
0 0.9(0.7) 0.0(0.0) 0.3(0.2)
5 30.6(4.1) 215.7(44.0) 36.7(22.4)

10 6.0(1.9) 4.9(2.5) 0.8(0.5)
15 8.7 (3.2) 0.2(0.2) 0.4(0.4)
20 0.8(0.2) 0.6(0.0) 0.2(0.2)
30 0.0(0.0) 0.0(0.0) 0.2(0.2)

Total 141.0 664.4 116.1

P = 0.01 0.01 0.11

Time 2000 2400 0400
Depth

0 3.5(0.7) 654.6(71.6) 0.7(0.4)
5 75.7(18.1) 12.2 (6.4) 407.4(31.6

10 17.0(4.8) 2.9(1.8) 12.6(9.6)
15 1.9(0.8) 1.5(1.0) 5.3(1.3)
20 0.0(0.0) 0.4(0.4) 0.3(0.2)
30 0.0(0.0) 0.0(0.0) 0.0(0.0)

Total 294.5 2014.4 1279.3

P = 0. 00 0.05 0.01
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Means, standard errors (in parentheses), and 
significance levels (p-values from Kruskal-Wallis average 
ranking) for ichthyoplankton collected in Auke Bay every 
four hours over 24 hours at six depths. Total eguals 
density collected per sampling interval. Density is larvae 
per 100 cubic meters. Date collected 22 and 23 May 1987.

Appendix 4. (con't)

Total Ichthyoplankton sans Osmerids

Time 0800 1200 1600
Depth

0 0.5(0.0) 0.5(0.3) 0.3(0.1)
5 36.3(11.9) 23.1(4.8) 28.8(5.8)

10 20.8(4.5) 33.6(4.9) 19.4(2.7)
15 25.1(3.9) 16.0(3.4) 23.2(0.5)
20 9.7(1.8) 11.6(2.7) 5.1(1.6)
30 3.4(0.9) 5.8(0.9) 6.3(2.1)

Total 287.3 271.5 249.2

P = 0.01 0.01 0.01

Time 2000 2400 0400
Depth

0 0.5(0.0) 20.3(6.9) 1.7(0.6)
5 5.9(3.0) 13.2(1.4) 39.4(18.2)

10 11.9(2.3) 34.5(7.3) 21.5(2.0)
15 20.2(1.7) 39.1(2.8) 12.5(1.8)
20 13.0(4.9) 24.8(2.1) 1.6(0.3)
30 15.7(2.0) 18.9(0.9) 3.0(1.9)

Total 206.1 452.4 238.9

P = 0. 04 0.03 0.02
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Means, standard errors (in parentheses), and 
significance levels (p-values from Kruskal-Wallis average 
ranking) for ichthyoplankton collected in Auke Bay every 
four hours over 24 hours at six depths. Total equals 
density collected per sampling interval. Density is larvae 
per 100 cubic meters. Date collected 22 and 23 May 1987.

Appendix 4. (con't)

Walleye Pollock

Time 0800 1200 1600
Depth

0 0.0(0.0) 0.0(0.0) 0.0(0.0)
5 24.7(10.3) 1.9(1.1) 14.5(4.6)
10 10.1(2.3) 12.8(1.4) 4.2(1.8)
15 6.6(2.3) 1.0(0.2) 4.3(0.8)
20 0.8(0.8) 0.6(0.0) 1.1(0.4)
30 0 . 4 (0 . 2) 0.2(0.2) 0.5(0.5)

Total 128.1 49.9 74.0

P = 0.01 0.02 0.02

Time 2000 2400 0400
Depth

0 0.0(0.0) 0.0(0.0 ) 0.0(0.0)
5 0.8(0.8) 2.2(1.2) 6.5(5.9)

10 3.6(0.6) 6.3(2.4) 10.3(1.4)
15 8.4(0.4) 14.2(1.3) 3.3(0.5)
20 9.6(3.6) 3.4(0.7) 0.9(0.3)
30 3.1(1.0) 0.2(0.2) 0.3(0.3)

Total 77.1 79.0 63.8
p = 0.02 0.02 0.04
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Means, standard errors (in parentheses), and 
significance levels (p-values from Kruskal-Wallis average 
ranking) for ichthyoplankton collected in Auke Bay every 
four hours over 24 hours at six depths. Total equals 
density collected per sampling interval. Density is larvae 
per 100 cubic meters. Date collected 22 and 23 May 1987.

Appendix 4. (con't)

Flathead Sole

Time 0800 1200 1600
Depth

0 0.3(0.2) 0.2 (0.2) 0.3(0.2)
5 1.9(0.6) 6.7(1.4) 2.1(0.6)

10 0.0(0.0) 0.0(0.0) 0.0(0.0)
15 0.0(0.0) 0.0(0.0) 0.0(0.0)
20 0.0(0.0) 0.0(0.0) 0.0(0.0)
30 0.0(0.0) 0.0(0.0) 0.0(0.0)

Total 6.6 20.5 7.4

P = 0.01 0.01 0.01

Time 2000 2400 0400
Depth

0 0.2(0.2) 4.8(1.9) 0.3(0.2)
5 2.6(1.3) 1.8(1.0) 9.2(1.9)

10 2.8(0.8) 2.4(1.3) 1.8(1.5)
15 1.1(0.2) 0.9(0.5) 0.6(0.6)
20 0.4(0.2) 0.2(0.2) 0.0(0.0)
30 0.4(0.4) 0.0(0.0) 0.0(0.0)

Total 22.4 30.3 36.0

P  = 0.09 0.09 0.04
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Means, standard errors (in parentheses), and 
significance levels (p-values from Kruskal-Wallis average 
ranking) for ichthyoplankton collected in Auke Bay every 
four hours over 24 hours at six depths. Total equals 
density collected per sampling interval. Density is larvae 
per 100 cubic meters. Date collected 22 and 23 May 1987.

Appendix 4. (con't)

Northern Smoothtongue

Time 0800 1200 1600
Depth

0 0.0(0.0) 0.0(0.0) 0.0(0.0)
5 0.2(0.2) 0.0(0.0) 0.0(0.0)

10 2.7(0.7) 3.6(1.8) 1.9(0.3)
15 4.5(1.9) 5.5(0.8) 2.7(0.3)
20 1.6(0.1) 3.1(1.2) 0.7(0.1)
30 2.0(0.5) 2.7(0.8) 2.8(1.2)

Total 33.0 45.2 24.2

P = 0.02 0.02 0.02

Time 2000 2400 0400
Depth

0 0.0(0.0) 0.0(0.0) 0.0(0.0)
5 0.0(0.0) 4.6(4.6) 0.0(0.0)

10 0.0(0.0) 0.0(0.0) 0.2(0.2)
15 0.0(0.0) 0.6(0.6) 1.8(0.4)
20 0.0(0.0) 0.2(0.2) 0.5(0.0)
30 1.2(0.6) 7.4(3.8) 2.1(1.4)

Total 3.8 38.8 14.2

P = 0 .  0 0 0.08 0 . 0 1
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Means, standard errors (in parentheses), and 
significance levels (p-values from Kruskal-Wallis average 
ranking) for ichthyoplankton collected in Auke Bay every 
four hours over 24 hours at six depths. Total equals 
density collected per sampling interval. Density is larvae 
per 100 cubic meters. Date collected 22 and 23 May 1987.

Appendix 4 (con't)

Rock Sole

Time 0800 1200 1600
Depth

0 0.0(0.0) 0.0(0.0) 0.0(0.0)
5 1.5(0.9) 0.7(0.7) 1.3(0.6)

10 0.6(0.0) 0.6(0.4) 0.6(0.4)
15 0.0(0.0) 0.0(0.0) 0.0(0.0)
20 0.0(0.0) 0.0(0.0) 0.0(0.0)
30 0.0(0.0) 0.0(0.0) 0.0(0.0)

Total 6.3 4.1 5.7

P = 0.03 0.19 0.08

Time 2000 2400 0400
Depth

0 0.0(0.0) 0.0(0.0) 0.0(0.0)
5 0.0(0.0) 0.0(0.0) 1.4(0.7)
10 0.6(0.4) 0.4(0.4) 0.2(0.2)
15 0.6(0.0) 0.2(0.2) 0.0(0.0)
20 0.2(0.2) 0.6(0.4) 0.0(0.0)
30 0.4(0.2) 2.0(1.0) 0.0(0.0)

Total 5.7 9.8 4.9

P = 0.09 0.25 0.13
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Means, standard errors (in parentheses), and 
significance levels (p-values from Kruskal-Wallis average 
ranking) for ichthyoplankton collected in Auke Bay every 
four hours over 24 hours at six depths. Total equals 
density collected per sampling interval. Density is larvae 
per 100 cubic meters. Date collected 22 and 23 May 1987.

Appendix 4. (con't)

Spinycheek Starsnout

Time 0800 1200 1600
Depth

0 0.0(0.0) 0.0(0.0) 0.0(0.0)
5 2.0(1.2) 2.2(1.3) 2.8(1.5)

10 6.2(1.5) 12.2(3.8) 11.4(1.9)
15 12.2(2.8) 7.9(2.5) 15.3(0.0)
20 6.9(1.0) 6.3(1.3) 2.6(1.1)
30 0.2(0.2) 0.6(0.4) 0.9(0.5)

Total 82.6 87.5 99.0

P = 0.01 0.02 0.01

Time 2000 2400 0400
Depth

0 0.0(0.0) 0.2(0.2) 0.1(0.1)
5 0.0(0.0) 1.5(0.8) 1.4(0.7)

10 2.5(1.0) 1.4(0.2) 4.3(0.7)
15 2.1(0.8) 3.0(0.5) 2.9(0.9)
20 1.0(0.2) 2.8(0.8) 0.0(0.0)
30 3.3(0.6) 3.6(1.8) 0.3(0.3)

Total 27.0 37.6 27.1

P = 0 . 0 1 0.15 0 . 0 2
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Means, standard errors (in parentheses), and 
significance levels (p-values from Kruskal-Wallis average 
ranking) for ichthyoplankton collected in Auke Bay every 
four hours over 24 hours at six depths. Total equals 
density collected per sampling interval. Density is larvae 
per 100 cubic meters. Date collected 22 and 23 May 1987.

Appendix 4. (con't)

Sandlance

Time 0800 1200 1600
Depth

0 0.0(0.0) 0.0(0.0) 0.0(0.0)
5 1.6(1.0) 1.6(1.0) 0.6(0.6)

10 0.0(0.0) 0.0(0.0) 0.2(0.2)
15 0.0(0.0) 0.0(0.0) 0.0(0.0)
20 0.0(0.0) 0.0(0.0) 0.0(0.0)
30 0.2 (0.2) 0.0(0.0) 0.0(0.0)

Total 5.4 6.4 2.6

P = 0.13 0.06 0.51

Time 2000 2400 0400
Depth

0 0.0(0.0) 4.4(1.4) 0.0(0.0)
5 0.0(0.0) 0.3(0.3) 1.6(1.1)
10 2.2(0.2) 2.2(1.1) 0.4(0.2)
15 2.9(0.3) 1.7(0.6) 0.4(0.4)
20 1.2(0.6) 3.0(0.3) 0.0(0.0)
30 2.1(1.1) 0.6(0.4) 0.0(0.0)

Total 19.4 37.1 7.3

P = 0.04 0.08 0.17
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Means, standard errors (in parentheses), and 
significance levels (p-values from Kruskal-Wallis average 
ranking) for ichthyoplankton collected in Auke Bay every 
four hours over 24 hours at six depths. Total equals 
density collected per sampling interval. Density is larvae 
per 100 cubic meters. Date collected 22 and 23 May 1987.

Appendix 4 (con't)

Longsnout Prickleback

Time 0800 1200 1600
Depth

0 0.0(0.0) 0.0(0.0) 0.0(0.0)
5 0.9(0.9) 0.0(0.0) 2.2(2.1)
10 0.4(0.2) 2.4(2.1) 0.2(0.2)
15 0.4(0.2) 0.4(0.2) 0.4(0.2)
20 0.4(0.4) 0.6(0.3) 0.2(0.2)
30 0.4(0.2) 1.0(0.4) 1.5(0.6)

Total 7.6 13.3 13.6

P = 0.67 0.15 0.14

Time 2000 2400 0400
Depth

0 0.0(0.0) 0.0(0.0) 0.0(0.0)
5 0.0(0.0) 0.7(0.7) 0.0(0.0)

10 0.2(0.2) 11.4(4.0) 0.4(0.2)
15 1.3(0.7) 8.9(2.1) 1.8(0.3)
20 1.2(0.7) 6.7(0.2) 0.0(0.0)
30 2.3(0.2) 0 . 8 (0. 4) 0.2(0.2)

Total 15.1 84.4 7.3

P = 0.03 0 . 0 1 0 . 0 2
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Means, standard errors (in parentheses), and 
significance levels (p-values from Kruskal-Wallis average 
ranking) for ichthyoplankton collected in Auke Bay every 
four hours over 24 hours at six depths. Total equals 
density collected per sampling interval. Density is larvae 
per 100 cubic meters. Date collected 22 and 23 May 1987.

Appendix 4 (con't)

Snake Prickleback

Time 0800 1200 1600
Depth

0 0.0(0.0) 0.0(0.0) 0.0(0.0)
5 0.0(0.0) 0.0(0.0) 0.0(0.0)

10 0.0(0.0) 0.2(0.2) 0.0(0.0)
15 0.2(0.2) 0.0(0.0) 0.0(0.0)
20 0.0(0.0) 0.4(0.4) 0.4(0.2)
30 0.0(0.0) 1.0(0.2) 0.6(0.3)

Total 0.7 5.0 2.9

P = 0.42 0.08 0.09

Time 2000 2400 0400
Depth

0 0.0(0.0) 0.0(0.0) 0.0(0.0)
5 0.0(0.0) 0.3(0.3) 0.0(0.0)

10 0.0(0.0) 4.1(2.1) 0.0(0.0)
15 0.2(0.2) 4.7(1.4) 0.6(0.3)
20 0.6(0.4) 2.8(2.2) 0.2(0.2)
30 1.7(1.1) 0.4(0.2) 0.0(0.0)

Total 7.5 36.9 2.4

P = 0.16 0.14 0.14
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Mean gut content volume for larval walleye pollock 
collected in Auke Bay, 22 & 23 May 1987. Values are in 
millimeters cubed. N = the number of larvae sampled. No 
yolk-sac larvae were examined. M represents larvae greater 
than yolk-sac but <7.0 mm standard length, and L represents 
larvae >7.0 mm. The volume of copepodites in size group M 
was not significantly different from zero (p=0.7), there
fore only size group L is included.

Appendix 5

Total Volume

Time Volume Stnd. N Size
Error

0800 0.018 0.002 40 M&L
1200 0. 025 0.004 20 M&L
1600 0.024 0.003 30 M&L
2000 0.012 0.002 20 M&L
2400 0.011 0.002 20 M&L
0400 0.002 0.001 20 M&L

Copepod Naupliar Volume

Time Volume Stnd. N Size
Error

0800 0.010 0.001 40 M&L
1200 0.017 0.002 20 M&L
1600 0.014 0.002 30 M&L
2000 0.005 0.001 20 M&L
2400 0.007 0.002 20 M&L
0400 0.002 0.001 20 M&L

Copepodite Volume

Time Volume Stnd.
Error

N Size

0800 0.004 0.001 20 L
1200 0.005 0.002 10 L
1600 0.004 0.001 20 L
2000 0.007 0.003 10 L
2400 0.000 0.000 10 L
0400 0.000 0.000 10 L
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