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COMPARISONS OF SOVIET1 A}ID UNITED STATES ICHTHYOPLA}{KTON SAMPLING

INTRODUCTION

During the 1970s and 1980s ichthyoplankton was sampled on many cruises by Soviets

and Americans(United States) in the Bering Sea and Gulf of Alaska primarily to investigate the

earlv life historv ofwalleve oollock lTherasra chalcosramma). Some of this samolins was done

independently by ships of each nation, but some was on cooperative Soviet/American cruises

aboard Soviet ships using American 60 cm bongo nets. Usually the Soviets processed the

sample from one side of the bongo on board and the Americans preserved the sample from the

other side for processing ashore. In addition to these shared samples, the Soviets used an IKS

(I{KC) net for their own studies with the samples processed on board, and the Americans used a

60 cm bongo for theirs with the samples processed ashore. On some cooperative

Soviet/American cruises, comparative tows were also made with the IKS and bongo nets at

certain stations. Comparing the bongo catches tests differences in American and Soviet sample

processing. Comparing the bongo and IKS catches tests differences in the two types of nets and

towing procedures. Such comparative tows were made at a total of 87 stations on two cruises in

theBering Seain 1988 and 1991.

Here we compare the pollock egg and larval catches from these comparative tows. The

ultimate purpose of this study is to see if regression models can be fit to the data to predict bongo

catch of pollock eggs or larvae per l0 m2 given Soviet IKS catch per l0 m2.

I The Soviet Union no longer exists, and the laboratory involved in collecting the data used ur tlus study is now in
Russia, however we use "Soviet" here because the field work for this study was done before this transition occurred



METHODS

This study is based on comparative IKS and bongo tows for walleye pollock eggs and

larvae from two cooperative Soviet/American cruises in the Bering Sea, the 1988 R/V Darvin

(4llll8S-518/8S) and the 1991 R/V Melchny ¡rJ(4ll4l9l-5l8l9I). There were 42 comparative

tows on the Darvin cruise and 45 on the Melchny Put cruise. At each comparative station, the

catch of pollock eggs and larvae was determined for the bongo sample processed by the

Americans ashore, the bongo sample processed by the Soviets aboard ship, and the Soviet IKS

net sample which was also processed on board. Data from samples processed by the Soviets

used in this study was supplied by Dr. S.S. Grigorev at Kamchatka Department of the Pacific

Fisheries and Oceanography Research Institute, Petropavlovsk-Kamchatsþ, Russia. The bongo

nets had diameters of 60 cm and were equipped with 0.505 mm mesh nets. The IKS net was 70

cm in diameter and equipped with a 0.500 mm mesh net. The bongo net was towed obliquely to

200 m depth where there was sufficient water depth or, in shallower tryater, to within about l0 m

of the bottom. A 45' wire angle was maintained during the bongo tows with the wire let out at

50 m/min and retrieved at20 m/min. Although these were the desired tow specifications for

cooperative Soviet/American ichthyoplankton surveys, they were not fully met during some

cruises because of constraints imposed by winches aboard the Soviet ships. The IKS net was

hauled vertically through the water column from a depth of 200 m, or less in shallower water

(Bulatov 1982). In order to make tows comparable, all hauls were standardized by calculating

the catch per 10 m2, that is the number of eggs or larvae beneath I 0 square meters of sea surface

area. For bongo tows this number is derived by multiplying the actual catch of pollock eggs or



larvae by a "standard haul factor" (SIiF) where

SHF.
(10)(DEPTH FTSHED)

(REVS OF FLOU/METER)(MOUTH AREA OF NET)(CALLTBRATION FACTOR)

The'revs of flowmeter' are the number of revolutions recorded by the flowmeter. The

calibration factor is the length in meters of the column of water needed to effect one revolution

of the flowmeter at the average speed of the haul (Kramer et al. 1972). For IKS tows catch per

l0 m2 is derived by multiplying the actual catch of pollock eggs or larvae times the mouth area

of the net (0.42*æ "2) times the depth from which it was hauled times 10.

After examining the data, it was noted that at station G0788 in the Melchny Put data set

the catch per l0 m2 for eggs for the Soviet bongo and Soviet IKS was relatively larye (16,442.55

and 96,460 respectively) whereas the American bongo had zero catch. This significant

discrepancy suggested that perhaps the American record had been lost therefore this observation

was considered suspicious and was deleted. The rest of the data appeared to follow a log-normal

distribution so a natural log transformation was applied to the catches per l0 m2 to help

normalize the data and stabilize the variances. One was added to the observations so that zero

counts could be log-transformed. To see if there were any differences between the th¡ee nets, an

Analysis of Variance (Aì{OVA) table was created for both egg data and larval data by treating

the experiment as a 3-factorial design where net type was the treatment (American bongo, Soviet

bongo, or Soviet tr(S), cruise was a factor (Darvin or Melchny Put), and station number was a

randomized block nested within cruise. The interaction between net and cruise was also

included in the model. Due to the significant cruise effect which resulted, an ANOVA was then

created for each cruise separately to facilitate interpretation of the results. A regression model



was fit to each cruise using American bongo catch as the response variable and IKS catch as the

predictor variable. The software used was SYSTAT FOR WINDOWS.
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RESULTS

The data for each cruise is listed in Tables I and2. Figures 1-4 show the distributions of

catches per l0 m2. The resulting ANOVAS for both eggs and larvae are shown in Table 3. For

the egg model, there was a significant cruise and station effect (p".O0O for both), but no

significant net or net/cruise interaction effect. For the larval model, there was a significant

cruise, station and cruise/net interaction effect (p".oo0 for all)' ANOVAs were run for each

cruise with results given in Table 4 (eggs) and Table 5 (larvae) in order to further explore net

effect within cruise. The Melchny Put cruise showed a significant net effect for eggs (p".001),

however the Darvin cruise did not. For the larval data, the reverse was the case; there was a

significant net effect for the Darvin cruise (p".000) but not for the Melchny Put cruise (p-.056),

however the latter was borderline insignificant and may be due to zero counts for larvae at22 out

of 44 stations for all th¡ee nets. Tukey multiple comparison tests indicate that the differences in

nets for the Melchn]¡ Put eggs and Darvin larvae were between the bongo and Soviet IKS nets.

There were no significant differences at the 0.05 significance level between the American bongo

and the Soviet bongo. '

Data from the American bongo and Soviet IKS was used to further study the relationship

of bongo and IKS gear. For the egg data, scatterplots of log-transformed bongo catch per 10 m2

versus IKS log-transformed catch per 10 m2 indicated a linear relationship. However, the lawal

data did not due to many zero counts and no linear pattern in the plots (see Figures 5 and 6).

Therefore a regression model was fit to the log-transformed egg data for each cruise but not to

the larval data. The stations where zero counts were observed did not fall in line with the rest of



the data (see Figure 7), and since measuring relative sampling efficiency depends on the

presence of sufficient densþ of eggs in the water column, these observations were removed and

analyzed separately. The scatterplots ofthe nonzero log-transformed egg data for both Darvin

and Melchny Put with their respective fitted lines are shown in Figures 8 and 9. Even though the

previous Alt{OVAs showed a significant cruise effect indicating the need for separate models for

each cruise, there was a practical need for just one model to predict bongo catches from IKS

catches for cruises other than the Darvin and Melchny Put. There appeared to be no reason to

choose one model over the other so the data was pooled to get an "average" fitted model for

eggs. The final regression model for predicting bongo catch per 10 m2 for eggs given nonzero

Soviet IKS catch per l0 m2 is given by

Y = 1.606 X'e35

Although exponential, this model is intrinsically linear since it can be transformed to a straight

line through the logarithmic transformation

LNY..474..935(LNX) .

A plot of the log-transformed data and the fitted line is shown in Figure 10. It may be noted

here that in the log-transformed model, the constant is not significantly different from zero and

the slope is not significantly different from one. In fact, if the constant is dropped from the

model, the slope is even closer to one, indicating that an even simpler model could be justified,

that is LN Y : LN X. However, it was decided that the best fit to the data is the model given

above.



A separate analysis of egg data was performed on those observations having zero count

in either the bongo or IKS net. It was assumed that for those observations where there were zero

counts for both IKS and bongo nets, there simply were no eggs in the water column. Therefore,

it was of interest to only look at proportions of zeros at stations having zero count in only one

gear. For the Darvin cruise, 8 out of 10 stations having zero count in only one of the gear had

zero for the IKS and a positive count for the bongo, whereas only 2 out of l0 stations had zero

count for the bongo and positive count for the IKS. For the Melchn)¡ Put cruise, 12 out of 13

stations had zero count for the IKS and positive count for the bongo leaving I out of 13 stations

that had the reverse. A chi-square test of independence was applied to Darvin and Melchny Put

frequencies tf observations where there were zero counts for bongo/positive counts for IKS, and

vice versa. The test showed that the zerolpositive relationships were not dependent on cruise,

therefore the data was pooled and a McNemar test of correlated proportions (Sokal and Rohlf

1981) was applied to the pooled proportions to see if there was a significant change in

zerolpositive relationships due to gear. The pooled proportions were 20 out of 23 stations having

zero count in the IKS, positive count in the bongo, and 3 out of 23 stations having zero count in

the bongo, positive count in the IKS. The McNemar test showed a significant difference in

proportions due to gear at a 0.01 significance level. Assuming this indicates a difference in catch

efficiency between the two gear when there are relatively small numbers in the water column

(less than 75 catchper 10 m2), these results suggest that the bongo net is more efFective than the

IKS at catching eggs making the IKS a poor predictor of bongo catches of eggs per m2when

numbers are small.



DISCUSSION

An analysis of this same data with similar objectives has been pursued by the Russian

scientist, Sergey Grigorev þersonal communicatioq February 1993). He used t-tests instead of

randomized block ANOVAs to compare American and Soviet bongo catch per l0 m2. His

results showed no significant difference between all three nets compared two at a time for both

larvae and egg data at a 0.05 significance level, which is in agreement with our study. However,

a t-test of Soviet bongo versus Soviet IKS catch per 10 m2 (using the American standard haul

factor) also showed no significant difference for both larvae and eggs which is in contrast to the

results of our study (see below). Grigorev notes that the data deviates from normalþ. Our

study attempted to correct for this as well as stabilize the variances, a necessary assumption for

valid ,{lr{OVAs and t-tests, by log-transforming the data. This transformation may explain the

difference in the two results. Also, it is not clear whether he treated the data as two dependent

samples (paired t-test) or two independent samples. A paired t-test would be equivalent to using

station as a randomized block as was done in the Al.[OVAs above, but if the t-test was run as if

samples were independent, then the variance explained by differing stations would not have been

accounted for. This unexplained variance would have been added to the mean squared error thus

reducing the power of the test and therefore explaining the lack of significance.

Grigorev concludes from his analysis that it is impossible to justify any reliable

dependence between IKS and bongo catches, which again is in contrast to our results in that a

reasonable regression model for eggs, although not for larvae, was fit for each cruise as well as

for pooled data, using nonzero log-transformed American bongo catch per l0 m2 verses notzero



log-transformed Soviet IKS catch per l0 m2.

Our study indicates that Soviet and American bongo sample processing resulted in no

significant differences in catches of pollock eggs and larvae. However gear comparisons

between the bongo and the IKS are not as simple to interpret since the results of the two cruises

were not consistent. A significant difference between gear \ilas found for eggs in the Melchny

Put cruise and for larvae in the Darvin cruise. It is not clear why there was a significant

difference between nets for eggs in the Melchny Put cruise and not the Darvin cruise. The

analysis on zerolpositive egg count relationships indicates that there were significantly more

stations where the IKS net had zero count while the American bongo net had positive count.

This was especially true for the Melchny Put cruise where this occurred at 12 stations. In fact, if

these 12 stations were removed from the data, there would no longer be a significant difference

between gear, suggesting that the difference may be attributable to the inefficiency of the IKS

net when there are relatively small numbers of eggs in the water column. The relative

proportions of zero counts may also explain the inconsistent results for the larval data. It is

likely that the reason why no difference was found between gear for larvae in the Melchny PuI

cruise is that at 31 out of 44 stations there \¡/ere zero counts for both the bongo and the IKS nets.

Therefore the Darvin cruise, which showed a significant difference between nets for larvae, may

be a better representation of gear comparison since there were more larvae.

The regression equation given in this study further supports the hypothesis that there is

no important difference between bongo and IKS gear with respect to eggs in that the exponent is

near one. The fact that the exponent is slightly less than one however results in a mathematical

relationship where the American bongo catches more eggs than the IKS for smaller numbers, but



the IKS catches more eggs for larger numbers. For example, if the IKS yields 100 eggs per 10

m2, then the predictive model predicts 120 eggs per l0 m2 for the bongo. However, if the IKS

yields 10,000 eggs per 10 m2, then the model predicts 8800 eggs per 10 m2for the bongo. The

reasons that the bongo caught more eggs at the low end may involve lower efficiency of the IKS

when there are fewer eggs in the water column as was suggested by the zerolpositive analysis

mentioned above. The reasons why the IKS may catch more eggs at the higher end may involve

the towing procedures which may result in more water being filtered than is thought due to the

angle of the tow, which is assumed to be vertical. Further analysis would require more in depth

study of towing procedures.

Larval catches were too low to make meaningful comparisons between nets. The cruises

used in this study were conducted early in the season, when eggs were abundant, but few larvae

had hatched. This is the major reason why the catches of larvae were so low. With similar

comparative tows taken later in the year, larval catches should be greater, and more valid

comparisons of catch rates could be made. The length distributions of larvae from the American

bongo catches indicated that the larvae were recently hatched. Pollock larvae from the Bering

Sea hatch at 3.5-4.4 mm (Yusa 1954). For the Darvin cruise, about 92.1% of the larvae were

between 3 and 7 mm in lengttq while the Melchny Put cruise had97.7% between 3 and 6

mm(see Figures l1 and l2). It has been found that the bongo is efficient at catching larvae

between 4 and l0 mm in length (Shima and Bailey 1994), however the range of larval fish sizes

effectively caught by the IKS is not known.

The depth distribution of pollock eggs in the Bering Sea is not completely understood. It

seems that most eggs and larvae are found within 200 m of the surface, in fact the development

10



of eggs and larvae occurs mainly in the upper 100 m. Some eggs have been found as deep as

1000 m, however, those found at depths greater than 500 m were generally deformed and

possibly dead (Serobaba 1974). Although both the IKS and bongo nets sampled similar depth

ranges, from the surface to 200 m, had the tows been deeper, a better indication of total egg

abundance might have been realized.
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0
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51 00
't 60
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o
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0
620

1 1580
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o
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0
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0
o
o
0
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0
20
0

140
20
20
o
0
o
o

40
0

20
20
60

o

5

Mean 8O4A.424 1720.675
Std Dcv. 14623.4 3967.244

8797.460 1788.766
15208.23 4495.123

8745.714 634.7619
19352.42 2026.739

Table l. Data associated with comparative American and Soviet bongo and Soviet IKS tows for pollock eggs and larvae from the 1988

Darvin cruise in the Bering Sea.
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Table 2. Dataassociated with comparative American and Soviet bongo and Soviet IKS tows for pollock eggs and larvae from the l99l

Melchny Put cruise in the Bering Sea.



A}iALYSIS OF VARIANCE
EGG DATA

DARVIN / MELCH¡IY PUT

souRcE suM-oF-sQUARES DF MEAì{-SQUARE F-RATIO P

NET t7 .g9o 2 8.995 7 's03 ' l l8

CRUISE527.|541527.15415.359.000
STATION

{CRUISE}2883.1508434'32326.499.000
CRUISE*NET2.39821.999.926.398

ERROR 217.606 168 r.295

A}IALYSIS OF VARIANCE
LARVAL DATA

DARVIN / MELCHI{Y PUT

souRcE suM-oF-sQUARES DF MEAì{-SQUARE F-RATIO P

NET 94.907 2 47.454 2.861 -259

cRuISE gl4.ol7 I 914.017 98.306 .000

STATION
{cRUrsE} 781.007 84 9.298 s.280 '000

CRùtSB*ttgt 33.177 2 16.589 9.420 .000

ERROR 295 854 168 1.761

Table 3. Results of Analysis of Variance of comparative tows for pollock eggs and larvae from

both Darvin and Melchny Put cruises.
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ANALYSIS OF VARIANCE
EGG DATA

DARVIN

SOURCE STIM-OF-SQUARES DF MEAN-SQUARE F-RATIO P

NET 4.t04 2 2.052 1.423 .247
STATION l54l .11 I 41 37.588 26.058 .000

ERROR 118.282 82 t.442

Table 4. Results of Analysis of Variance of comparative tows for pollock eggs from both Darvin
and Melchnv Put cruises.

ANALYSIS OF VARIANCE
EGG DATA

MELCHI\¡"Y PUT

SOURCE

NET
STATION

ERROR

suM-oF-SQUARES

t6.573
1342.036

99.324

DF MEAN-SQUARE

2 8.287
43 3t.2r0

86 l l55

F-RATIO

7.r75
27.023

.001

.000

t7



A}IALYSIS OF VARIANCE
LARVAL DATA

DARVIN

SOURCE SUM.OF-SQUARES DF MEA}I.SQUARE F.RATIO P

NET 117.373 2 58.686 27.068 '000

STATIoN640.2294115'6157'202.000

ERROR 177.782 82 2.168

Table 5. Results of Analysis of Variance of comparative tows for pollock larvae from both

Darvin and Melchny Put cruises.

.A}{ALYSIS OF VARIANCE
LARVAL DATA
MELCHI{Y PUT

SOIIRCE

NET
STATION

ERROR

SUM.OF-SQUARES DF MEAN-SQUARE

8.172 2 4.086

140j79 43 3.274

118.072 86 r.373

F-RATIO P

2.976 .056
2.385 .000

18
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Figure 5. Scatterplot of American bongo vs. IKS pollock larvae log-transformed catch per l0 m sq. for the
DARVIN cruise [transformations were ln(X+l) and ln(Y+l)].
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Fþre 6. Scatterplot of Americari bongo vs. IKS pollock larvae log-transformed catch per 10 m sq. for the

MELCHI.IY PUT cruise [transformations were ln(X+I) and ln(Y+t)].
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Figure 7. Scatterplots of log-transformed pollock egg data from the Da¡vin (top) and Melchny

Put (bottom) cruises ltransformations were tn(X+1) and ln(Y+l)]. Tnro catches for either bongo

or IKS a¡e shown vrithin ovals. 25
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Figure g. Scatterplot of nonzero pollock egg data from the DARVIN cruise with the fitted regression line.

lnY = .244 + .969 ln X.
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14

o(,
=" 12
É
z
ó10
É,
l¡¡
ã
Éolt
a6
U'

=o4
ø(,

E2z

0

4 6 I 10

LN(EGGS/I0 M SO FOR SOVIET ¡KS

Figure 9. Scatterplot of nonzero pollock egg data fromtle MELCHNY PUT cruise with the fitted regression line,
ln Y = .750 + .885 ln X.
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Figure 10. Scatterplot of nonzero pollock egg data from both the Da¡vin and Melchny Put cruises

with the fitted regression line, ln Y = .474 +.935 ln X.
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Figure I l. Histogram of length frequencies of pollock larvae from the Darvin cruise.
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Figure 12. Histogram of length frequencies of pollock larvae from the Melchny Put cruise.
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