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INTRODUCTION 

The objectives of the study.were to ·describe the 'vertical -distribution 

and horizontal variability of larval herring (Clupea har·enqus L.) in relation 

to food organisms, predators and envi ronmenta 1 mechani sms such as prey­

predator interactions and dispersal. Results of the vertical distribution 

of herring larvae, larval gut ·contents., and their spatial relationships' 

with the zooplankton are presented in this paper. 

Sampl es .of autumn-spawned 1 arval ·herr; ng were ·coll ected at discrete depth 

strata with an electronically-controlled net (MOCNESS I ) on Nantucket Shoals 

duri ng two experi ments i n Novemb~r 1977, aboard the Federal Repub 1 i c .of 

Germany's research vessel Anton Dohrn, -77-03 (An'IGNAF Larval Herring Survey). 

The first· stratified series of samples (.MOC 4-11) was made on 6-7 Novemb~r 

1977 during a 24-hour period at 410 43 8 N, '690 45 8W and a second series (MOe 14-

24) was made on 15~17 November during a 36-hour period in the same vicinity 

(410 40·.N, 690 43'W) .. The· site for the stratified collections are in the 

vicinity of historic herrtng spawning grounds. 

MOCNESS data from four additional cruises (Albatross. 11 78-02, 78-13, 

78-14, 78-15),wil1 :be utilized after future analysis to further provide a 

more complete description of the' vertical distribution of herring 1 arvae 

and the associated zooplankton in the water during their first six months. 

IMultiple Opening and Closing Net Environmental Sensing System. 
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METHODS 

MOCNESS is a mesoscale plankton sampler which has nine rectangular 

nets (1 m x 1.4 m) which are opened and closed sequentially by commands 

th ro ugh a conduct; ng cab 1e from the v·esse 1 .. Th is sys tern permi ts samples 

of up to nine discrete depths during a single haul (Wiebe et ~., 1976). 

On-deck, real time monitoring includes depth (pressure), temperature, net 

angle, number of the net presently filtering water, and the volume of 

water filte~ed .. - The net system is designed to be towed at 1 1/2 knots, 

and at a 450 angle, so that each net has an effective mouth opening of 1 m2 

Once a concentration of herring larvae was located from the standard 

61-cm'bongo-net survey, two ·MOCNESS hauls were made at approximately 900 to 

each other through the center of the concentration, each net sequentially 

sampling in a double-oblique integrated manner from near bottom to surface" 

MOCNESS hauls were then repeated every three hours to obtai n a discrete 

series of stratified samples within each 10-m depth interval from near bottom 

to surface. The standard net mesh size used was O .. 333 ... mm; in some hauls an 

extra net or two Of O. 202"'mm mesh was us·ed to co 11 ect a fi ner fraction of the 

zooplankton at selected epth levels. Each net was opened for approximately 

10 minutes to filter approximate.ly 500 m3 of water to ob-tain a desired number 

of larvae .. Prior to each haul a'nci1lary observations were made including 

(1) an XBT temperature profile, (2) light profile by submarine photometer and 

secchi disc reading, (3) chlorophyll profile by pumping water at depth through 

a Turner Designs fluorometer on the vessel (Series II only), and (4) one 



parachute drogue was set (25-m depth) 15 November (2315 EST) and fo 11 owed 

unti 1 16 November (1310 EST)" All pl ankton sampl es were preserved in 

buffered 5% formalin. 

The Canadian vessel ReV .. E"E .. Prince rendezvoused with ReV. Anton Dohrn --
on 17 November and made standard ICNAF bongo net hauls on a fine grid of 

. 
stations, three times in three days. These bongo grid hauls were made in 

the surrounding area of the second MOCNESS series to define the patchin~ss 

of the larvae on a broader scale to augment the vertical distribution data. 

Total sample displacement volumes and -drip-wet weights were made in the 

1 aboratory.. All herring larvae were removed from the sampl e and the crustacean 

component of the sample biomass was measured. Standard length to the nearest 

millimeter was measured for up to 300 larvae per sample .. Larval herring gut 

~nd condition factor analysis,-and total zooplankton identification and 

enumera ti on were made on net 6 of haul s 10 and 11, and on nets 0, 3, and 6 

on haul s 16, 17, 18, and 19 (a 11 .. 202-mm mesh).. The procedures used were 

those of Cohen and Lough (1979). 

All larval data reported here were standardized to the number per 100 m3 

water filtered and grouped into the appropriate depth level and time block 

for presentation .. 

RESULTS 

Seri es I 

The density (no. per 100 m3) and mean length and range of herring larvae 

by IO-meter depth strata over a 24 ... hour period are shown in Tables 1 and 2 .. 

Mean density of the eight hauls was 21.7 larvae/lOa m3 within a range of a 

- .-::~"-:'---".---::---'------~--:,~-----.' ",---" --.• -.---------~- ~- ,.---<--:-----.. ~- --_. ------.,.---- .. 



to 127.6 per 100 m3. Mean larval length was 15.2 within a 581 to 25.5 mm 

range .. 

MOCNESS haul s 2 and 3 were made pr; or to Seri es I at 900 to each other 

through the study site encompassing an area of 8 .. 2 km2, Figures 1 and 2 pre­

sent larval densities for each net. These data have a mean of 13.89 larvae/ 

100 m3 and a standard deviation (s.d) of 11.63. This indicates a large amount 

of spatial variability of patchiness with 95% confi-dence intervals on the 

observations of -9.38 (lower)and 37.16 (upper) and.a coefficient of varia­

tion of 83 .. 73%. 

The 24-hour series began at 2145 hours (EST) on November 6, 1977 and con­

sists of Haul 4 through Haul 11, standardi.zed dens·;ties are provided in 

Figures 3-10, night hauls are shaded dark and day hauls remain unshaded. 

Sunrise occurred at 0640 and sunset at 1647 EST .. 

Haul 4 (Fl gure 3) at 2145 hours, i ndi cated a surface domi na ted popul ation 

with 67% of the larvae co·llected in the upper 20 mete.rs of water. A constant 

decline in population density was seen with depth. 

Haul 5 (Figure 4) at 0100 hours on 7 November, agai'n shows the highest 

density of larvae at the surface with 35% of the total in the upper 10 meters. 

The central water column from 20 to 40 meters was now homogeneous in larval 

densi ty .. 

Haul 6 (Figure 5), at 0400 hours, indicates that the la.rvae were evenly 

distributed in the central and upper column with only a small fraction (2.6%) 

of the total caught below 50 meters" 
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Haul 7 (Figure 6), at 0645 hours, return to a heavily surface dominated 

population with 71% of the larvae collected within the upper 10 meters. 

The remainder of the water column had a steady decline in larval abundance 

wi t.h de pth .. 

Haul 8 (Figure 7), at 0945 hours, repeated the trend seen in the previous 

haul, exhi.biting. a heav·ily dominated surface population (74% of total) in .. 
the upper 10 meters and a constant decrease in abu.ndance with i ncreasi ng 

depth .. 

Haul 9 (Figure 8), 1245 hours, also had a surface dominated population 

with 44% of the total above 10 meters. The mid-water column from 20 to 40 

meters had an increased abundance compared to the strata immediately above 

and below it. 

Haul 10 (Figure 9), 1545 hours, indicates a larval population of increasing 

density th depth to 50 meters and a slight reduction from there to 70 meters. 

Haul 11 (Figure 10), 1835 hours, had a middle and upper water column 

dominant population with the maximum abundance between 10 and 20 ·meters . 

. The trend of decreasing population with depth again was evident. 

The standardized larval data were separated into day and night categories 

and their abundance data combined and plotted in Fi.gure 11. The actual data 

points were included for reference.. There was a mean increase in the night 

haul densities at all depths by a factor of 2.76. 

Length-frequency hi stogram da ta were combi ned for each 10-meter depth 

stratum fo·r both night and day hauls (see Figures 12 .... 15) .. Both day and night 

hauls show a distinct bimodal population in the upper water column (i .. e., 

<40 meters) wi th modal peaks at 7 and 16 mm.. The sma 11 er of the two peaks 

....... : .... ---. ....-.---: ... ,.. -- --- -........ -.- ...... -- .. --.-....-.... - .... --.. -.---:-~---.: ... ---.---,--,-- -~-.-~.------- .. ----~-. ----------..._. 
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was always the 7-rrm mode and was completely absent below 40 meters.. Day 

and n.ight hauls showed a decreasing population density with depth. Larval 

density in the night hauls was found to be signiftcan.tly greater. than the 

day hauls using a paired T-test, at the .. 05 level of sign.ificance .. 

Cumulative length data of day and night hauls are summarized in Figure 

16. The mean length.:!.: 1 standard deviation, and the range are plotted for 

each stratum.. An increase in the mean length of larvae and a decreasing 

range of lengths were seen with increasing depth. 

Series II 

The abundance (no .. per 100 m3) and the mean length and the range of 

herring larvae by 10-meter depth strata over the first 24 hours of the 

36-hour period are shown in Tables 3 and 4 .. Mean .density of the hauls was 

21.1 larvae/IOO m3 with a range of 0 .. 63 to 100.05 larvae/100 m3" Mean 

larval length was 14 .. 99 mm within a 7.1 to 32.1 mm length range. 

MOCNESS haul s 12 and 13 were made pri or to Seri es I I at 90° to each 

other across the study site, encompassing an area of 11.4 km2" Figures 

17 and 18 give larval densities for each net. The results have a mean 

of 38 .. 25 larvae/100 m3 and a' standard deviation (s .. d.) of 15.73 .. Again 

a 1 a rge. degress of patch; ness is indicated wi th 95% confi dence i nterva 1 s 

on the observation of 6.78 (lower) and 69 .. 70 (upper) and a coefficient of 

variation of 41 .. 13%0 

Series II hauls began at 0100 hours EST on November 16, 1977 and con­

sisted of hauls 14 through 21.. Standardized densities are provided i·n 



Fi gures 19- 26.. Ni gh t hauls are shaded and day hauls are unshaded.. Su.nri se 

occurred at 0652 and sunset at 1638 EST. 

Haul 14 (Figure 19), at 0100 hours, showed the greates.t proportion of 

the population in the lower wa.ter column .. More than half (57%) of the larvae 

were below 40 meters. 

Haul 15 (Figure 20), at 0355 hours~ showed a distinct bimodal split in 

the population density with peaks at 20 ... 30 meters and again at 50-60 meters. 

No di ffe rences in the standard length of 1 a rvae found in these s tra tum can 

be correlated with this division. 

The first daylight haul, Haul 16 (Figure 21), at 0645 hours, contained 

the greatest densities of larvae at the surface strata. (0-10 m) and at a 

deeper stra turn of 30 to 40 meters.. Very low dens i ti es occurred in the mi d­

water (20-30 meters) and deepest sampled strata (below 40.meters). Densities 

for a·ll strata are lower, although not signi~i.cantly so (using a paired 

test P< .05), than in the earlier tows. 

Haul 17 (Figure 22), at 0950 hours, had a virtually homogeneous population 

density with depth. A very low overall density (x = 3.75/100 m3) again was 

s.een ; n thi s second dayl i ght ha'ul .. 

Haul 18 (Figure 23), at 1230 hours, repeated the early morning trend of 

Haul 16 with the greatest larval densities appearing in the upper stratum 

(0-30 meters) and again in the·deepest strata (50-60 meters). 
g 

Haul 19 (Fi gure 24), at 1540 hours, contained the 1 a rgest porti on of the 

population (36%) in the surface strata (0-10 meters) and an essentially homo­

geneous population from 10 to 60 meters. 



Haul 20 (Figure 25), at 1835 hours, showed the highest density (39%) of 

la rvae in mid-wa ter (20- 30 meters) wi th dens; ti es taper; ng-off rapi dly to 

the surface and to 60 meters. 

Haul 21 (Figure 26), at 2140 hours, repeated the trend seen in the pre­

vious haul with th.e peak abunda.nce of larvae in mid-water (30-40 meters) and 

the population density declining towards the surface and to 60 meters. 

The standardized larval abundance data were lumped into day and night 

categories, data were combined and plotted in Figure 27, actual data points 

are included for reference. On the average, almost three times as many 

larvae were collected at night than during the day hauls. Daytime abundance 

tend to be uniformly distributed where night hauls indicate an increased 

density at mid-water depths. 

Length-frequency histogr"am data were combi ned for each 10 meter depth 

stratum for day and ni ght haul s (Figures 28-31) "Both day and ni ght haul s 

indicate a bimodal population throughout the water column with peaks at 9 

and 16 mm. The smaller larvae, 9 ITm, were the greater mode in the mid=water 

s tra ta (10-30 meters) duri ng the day haul sand in the upper 30 meters ; n 

the night hauls. Night hauls indi.cated an overall increasing population 

density with depth to 60 meters. Day hauls indicated a greater abundance 

in the upper water column' «20 meters), reduced densities in the mid-water 

strata (20-40 meters) 9 and a return to the greater abundance at depth (>40 

meters) .. Higher larval densities were found at night at all depths except 

near the surface (0-10 m) although not significantly greater at the .05 level 

of significance~ 



Cumulative length data of day and night hauls are summarized in Figure 

32.. The mean length, .! standard devi.ation, and the range are gtven for 

each stratum. Day haul data show a high surface (O-lO-meter) mean length 

with 'a 4-meter decrease in mean length at the 10-20-meter strata, from the 

surface s tra ta down to 60 mete rs the re was a steady inc rease in mean 1 ength It 

Night tow data show a steady increase in mean length with depth. 

The ranges of larval standard lengths encountered in Series II were 

similar at most strata, except at 30-40 meters during the day hauls which 

had a greatly reduced range. The range of larval lengths" increased slightly 

with depth during the night hauls. 

Series I and II Comparison and Discussion 

Tne assumpti on that the vessel r'eturned to the same genera 1 la rva 1 popu­

lation is supported by a comparison of the basic statistics for Series I and 

II standardized haul data as seen below. 

Mean Densi ty 

Range 

Mean Larval Length 

Range 

SERIES I 

21.7 no./100 m3 

.63-100.5 no./100 m3 

15.2 mn 

5.1-25.5 mm 

SERIES II 

3 21.1 no./100 m 

0-127.6 no./100 m3 

14.9 mm 

7.1-32 .. 1 mm 
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These statistics are strikingly similar and indicate that the same 
\ 

larval population that was sampled tn Series I again. was sampled by Series II 

10 days 1 a ter.. The standard; zed abundance data collected from the four 

preliminary hauls in which each net was towed in a double oblique fashion 

(YoYo Haul) also supports this contention, for although more than twice the 

density of larvae was encountered by Series II than Series I, this normal 

spatial variability.. Bridger (1956) reported a 40-60% coefficient of vari-

ation in clupeid larval density between repeated net hauls which compares 

favorably with our C.V. of 41-84%. 

The depth strata for each haul that contained the highest density of 

herring larvae are plotted in Figure 33 for both series. Although differences 

.in the vertical distribution of larval are seen in both series, comparison 

of the 16 hauls reveals no re-occurring pattern of diel vertical migration 

between the series. 

A comparison of the combined abundance data (Figure 11 and 27) for day 

and night hauls also demonstra.te a lack of si.milarity between the two series .. 

Wood (1971) found clupeid larvae to have the highest abundance at the surface 

or in mid-water during the day and to be randomly distributed at night. 

Series I data would support WoodIs findings for the day only, while the night 

hauls show a clear increased surface abundance. Series II data agrees with 

Woodis data for the night hauls but also shows a randomly distributed popu-

1 ation by day" 



The cumul a ti ve percentage contributi on of day vs .. ni ght haul s for both 

series was treated by the Kolmogorov-Smirnov test (Tate and Clelland, 1957). 

The maximum di fference (D) between the two percentages for any gi yen depth 

strata was calculated at each series at the .0.5 level of significance.. No 

s i gni fi cant di fferences in percent contri buti on of day vs G ni.ght haul s for 

any of the depth ranges were observed for either series. Cumulative per­

centage plots and the 95% significance value for both series are shown in 

Figure 34. 

A compari son of the 1 ength frequenci es of 1 arvae co 11 ected by each 

seri.es supports the earlier contention that Series II had been made in the 

same population of larvae as Series 1.. Both series were bimodally distri­

bu ted, the small er mode had a 2-mm increase between seri es (see Fi gures 12 

through 15 and 28 through 31) .. According to Lough et!l- (1980), a growth 

ra te of .. 27 mm/ day is expected fa r 1 a rva 1 herri.ng in November, or a 2,. 7 rrm 

increase in 1 en-gth over the la-day i nterva 1 between the two seri es in thi s 

study .. There was no increase in the modal length of the larger larvae be­

tween the two series, possibly because it was marked by the increased den­

s i ti es and the wi de range of 1 engths observed in Seri es I I .. 

A comparjson of day and night data show a gradual increase in la~val 

length with increasing depth (Figures 16 and 32) .. Wood (1971) reported on 

herr; ng 1 arvae captured' in 45 meters of ·water wi th a mean 1 ength of 11-12 mm 

to also exhibit an increased mean larval length with depth~ but at night only .. 

Wood also found an increased mean length of herring caught in the daytime 

surface layer indicating that the larger larvae were actually preferring 
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vertical migrations. The increased length of daytime larvae in the surface 

strata (0-10 m) of Series II is similar to his findings; however, there was 

no increase seen in Series I daytime surface strata hauls. 

Larval Condition and Gut Contents 

Larval morphological measurements and stomach contents were examined for 

237 larval herring and combined for both series of experiments for analysis. 

Larval body height versus larval standard length is shown in Figure 35 as an 

indicator of larval condition (Ehrlich et ~ .. , 1976). The high correlation 

coefficient of .92 indicates a uniformly healthy feeding population. 

Larval feeding is shown to occur from noon to dusk with peak feeding in 

the late afternoon at both depths (Figure 36). Blaxter (1965) and Last. (1976) 

found'this late afternoon maximum and also reports a small peak at sunrise, 

these MOCNESS tows occur between 0650 and .1900 thus earl ier peak, if present, 

is not seen. 

Of the 237 larvae examined, thirty larvae of 12.6% were found to have gut 

contents. Last (1978) reported 23.7% of his sea herring larvae revealed stomach 

contents versus 64.3% for all other species in his study. This low incidence of 

foods retained in the gut of larval herring has been attributed to fast digestion 

(Lebour, 1921), defecation (Hardy, 1924), and regurgitation (Hay, 1981) upon 

capture. Last (1978) also shows that older larvae retain more food than younger 

larvae and that larvae from shorter tows tend to retain more food than those that 

were collected in tows of longer duration. A possible explanation of our very low 

estimate is that these MOCNESS hauls were of approximately 90 minutes duration and 

captured relatively small larvae (x = 15 mm). 
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Of the larvae with stomach contents, those captured at 40 meters had more 

prey items per gut than the larvae at 20 meters, although not significantly so 

(Figure 37). 

All of the larval prey items found in this study were copepods. Pseudo­

calanus SPa and Centropages typicus made up 86% of the copepods in the water 

column and at least 50% of the prey items found in larval guts. 

represented 2.3% of the zooplankton and 10% of the prey items. 

Oithona SPa 

Compl ete 

copepoda abundance and gut contents are presented in Tabl e 5. Prey copepod 

widths and lengths are positively correlated with larval standard length (Figure 

38) indicating that larvae tend to select larger prey as they increase in size. 

Prey size was consistently smaller than that predicted by 8eyer l s (1980) model 

even though prey of the predicted sizes were availabl.e. Other investigators 

(Cohen and Lough, 1980 and Last, 1978) have reported this preference and suggest 

the larval herring feeding strategy is to. feed on a larger number of smaller 

particles to fulfill their energy requirements. 

The results of this study of larval.herring collection during two 24-hour 

series illustrates the high degree of natural variabiltty in the vertical and 

horizontal distribution of herring larvae. 

SUMMARY 

1. The vertical distribution of herring larvae during 2 24-hour MOCNESS sampling 

series separated by a la-day interval was examined. Mean larval abundance 

and length were-similar between.the two series. The contention that the 

same population of larvae was sampled by both Series I and Series II was 

supported by the data. 
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2. Spatial variability on the order of 41 to 83% (C.V.) was observed in 

double oblique hauls made through the center of the study site (8-12 km2) 

prior to each series. 

3. Vertical migration of larvae was observed. in both series although no 

recurring pattern of vertical distribu.tion could be ascertained between 

series. The mean length of larvae increased with depth in both series. 

4. Herring larvae were found in greatest abundance in both day and night 

hauls in the surface layer during Series I, but they were distributed 

uniformly with depth in day and night hauls in Series II. 

5. Larval growth seen in the smaller larvae (5-10 mm) during the 10-day 

interval was' on the order expected from growth models in the literature. 

Growth of the larger 1 arvae (10-30 mm) was not seen between the two series. 

6. Of 237 larvae examined, 12.6% were found to have some gut contents. With 

pe·ak 1 arva 1 feedi n9 to occur from noon to dusk at both depths. 

7. Prey items were exclusively copepods, of which Pseudocalanus Spa and 

Centropages typicus made up at least 50%. Prey size tended to be smaller 

than the optimal predicted. 
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Hour 

0-10 

10 ... 20 

20-30 

30. .... 40 

40-50 . 

50-60 

60-70 

MEAN 

2400-
0300 

47 .. 32 

10 .. 69 

16 .. 38 

12 .. 74 

2 .. 74 

0 

12 ... 83 

1. 

0300-
0600 

48 .. 9 

28 .. 06 

43 .. 64 

21 .. 28 

28 .. 06 

2.,28 

2<>46 

24 .. 81 

I 

PER 1 

0600-
0900 

51 .. 28 

8 .. 24 

3 .. 45 

1 .. 04 

2 .. 8 

0 .. 76 

0 

9 .. 65 

I, 

SERIES I 

Clupea ~.....;;;;;.;.;.~ 

NUMBER PER 100 m3 

0900 .... 1200-
1200 1500 

35 .. 22 53 .. 21 

9 .. 72 18 .. 28 

1 .. 61 35 .. 79 

0 .. 91 22 .. 50 . 

0 2 .. 52 .. 
0 0 

0 0 

6 .. 78 20 .. 33 

1500- 1800 ... 2100- x/lOa m3 
1800 2100 2400 

4 .. 89 81 .. 42 63 .. 23 38 .. 65 60 .. 21 

9 .. 48 127 .. 69 37 .. 7 11 ... 43 51.,03 

12 .. 79 67 .. 54 31 .. 95 13 .. 41 39 .. 84 

13 .. 21 65 .. 48 12 .. 76 9.41 28 .. 06 

17 .. 64' 52 ... 84 4 .. 45 9 .. 73 22.02 

15 .. 37 38 .. 45 a 4 .. 03 10 .. 18 

12.37 3 .. 62 3 .. 09 3 .. 04 -x x 
12 .. 82 30 .. 63 
2.9 .. 5~ 70 .. 4% 

12.25 62 .. 43 21 .. 38 COMBINED ~1EAN 

21 .. 72 

OF LARVAE 



TABLE 2a SERIES I, LENGTHS AND CLUPEA !., 



SERIES II 

elUDea ............ ~ ............. 

NUMBER PER 100 m3 

Hour 2400 ... 0300- 0600- 0900- 1200 .... 1500 .... 
0300 0600 0900 1200 1500 1800 

0-10 3 .. 66 27.21 12 .. 08 6 .. 17 21 .. 32 12 .. 91 

10-20 6 .. 46 55 .. 04 7 .. 05 4 .. 94 11 .. 41 6 .. 67 

20-30 30 .. 85 100 .. 05 0 .. 53 6 .. 50 16 .. 03 2 .. 64 

30-40 29 .. 55 32 .. 66 31 .. 57 1 .. 31 1 .. 66 0 .. 79 

40-50 46 .. 72 42 .. 46 31 .. 31 0 .. 54 4 .. 58 5 .. 57 

50-60 47 .. 71 67 .. 13 2 .. 92 10 .. 11 7 .. 41 

60 .... 70 .... - 3 .. 88 

W:~ 27 .. 49 54 .. 09 13 .. 77 3 .. 75 10 .. 85 5 .. 99 

,TABLE 3@ SERI II, STANDARDIZED NUMBER, 

PER 1 M3 

1800- 2100- x/l00 m3 
2100 2400 

2 .. 73 10 .. 76 13 .. 12 11 .. 09 

20.73 18 .. 63 7 .. 51 25 .. 21 

38 .. 99 60 .. 45 23 .. 82 57 .. 58 

24.60 28 .. 05 8 .. 85 28 .. 71 

12 .. 48 15 .. 76 10 .. 5 29 .. 35 

0 .. 71 36 .. 00 6 .. 81 37 .. 88 

3 .. 88 --x ... 
x 

10 .. 63 31 .. 63 
25 .. 1~ 74 .. 8% 

16 .. 70 28 .. 27 COMB I NED MEAN 

21 .. 13 

LARVAE 



SERIES II 

«:1 upeal ha ren~ 

MEAN lENGTH .. RANGE 

N N 0 0 0 D N ,.. 
Hour 2400- 0300- 0600- 0900- 1200- 1500- 1000- 2100-

0300 0600 0900 1200 1500 1000 2100 2400 
Oepth 

0-10 13 .. 57 11.86 16.00 17 .. 10 16.97 14.54 15 .II. 08. 

9 .. 4-10.2 8. 19.2 8.5-19,,4 .. 5-23.0 8.3-20 .. 2 8.1-20.9 8 .. 2- .5 9.0-19.7 

10-20 15.80 13.18 13 .. 29 11 10.20 14.10 .97 .. II 
0.5-32.1 1 .. 1-24 .. 8 9.0- .3 1 .. 1- .. 5 8 .. 3-15 .. 1 9 .. 2-24 .. 1 6 .. 5-26 .. 4 0.3-21,,4 

20-30 15.67 13.26 16.75 11" 11 .. 01 16 .. 39 .. 46 12 .. 06 
0,,0-24 .. 8 0.0-20.6 '15 .. 0-17 .. 7 0 .. 7- .2 8,,3-17 .. 3 13.8-19.4 8.3-26 .. 0 1 .. 3- 2 

30-40 16 .. 14 15.33 15.37 16.57 16.68 14.80 16,,02 " 8.2-28 .. 1 OeO-23.9 8 .. 1-19.7 15 .. .. 2 13 .. 18.4 13.6-15 .. 5 2-23.0 8 .. 6-23 .. 5 

40-50 16 .. 02 .29 15.53 .. 80 16 .. 04 16 .. 5 .80 17 .. 02 
8 .. 5-25.5 8.2-21 .. 4 8.8-20 .. 6 15,,3-17 .. 3 .. 1-19,,3 15 .. 8-20 .. 4 0 .. 5-26 .. 2 

50-60 15 .. 95 16 .. 53 0 16 .. 11 .12 15 .. 93 .25 16 .. 5 
0.5 ... 30 .. 1 9.4-29.8 16.0- .9 Hi .. 19.4 13.3-18.2- 15 .. 3-19 .. 2 7-20 .. 4 

60-10 ° 0 0 [) [) 0 0 

-x 
MEAN 15.53 .. 34 15.38 .67 .73 15.37 20 .75 .. 99 

SERIES II, MEAN LENGTHS FOR CLUPEA 
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COPEPODA ABUHOAHC£ LARVAl GUT COMPOSITION 

HO/m3 :; OF PREY 1'. OF rw eI tIl tUI en cv F oM TOTAL TOTAl OCCURRENCE roTAl 

HAUl 10 NET 6 24 LARVAE 50~ FEEDING 

IiIcar1:ia s~. 2 J 20.8 .3 
~ f1nmarchieus 1 1 6.9 .1 
Centl"'O04gf!S nama tus 1 6.9 .1 
Hetr1du 5p.--- Z 2 13.8 .2 
Paraea linus sp. a 26 13 3 50 346.7 4.6 
OithOM s~. 7 16 9 32 Z21.9 2.9 
centro~oes typicus 47 106 356 241 80 91 921 6387.4 85.1 6 54% 
Pieudo~aracalanu5 naup. 4- 21 8 28 11 72 499.3 6.1 
PSeudoca , anus sp. S 45% 

HAUL 11 NET Ii as LARVAE ~ FEEDING 

A,cartia Sf'. 1 Z ) 57.5 .9 
!#<i. \anus fi nmarchicus 1 1 2 38.3 .6 
Pseudocalanus sp. 3 11 2 15 10 41 785.S 11.8 
raracCllanus sp. 3 12 9 9 3 36 689.7 10.4 
01 tttona Sf'. 1 5 1 1 8 153.3 2.3 
~ges~ 31 47 71 62 26 ZO 257 4923.6 74.1 

COPEPODA ABUHOAHCE LARVAl GUT COMPOSITION 

HOlm) 
~ OF PREY % OF 

TAXA el tn CIII en tv F M roTAL TOTAL OCCURRENCE iCTAL 

HAlil 16 NET 0 20 LARVAE 5% FEEDING 

Calaoos f1rmmrd1icus 4 4 80 .9 
Pseudocalanus SPa 4 6 11 13 108 l5 167 3376.3 37.9 1 1001'. 
l5a:racalanus 5p. l 16 9 3 2 33 667.2 7.S 
01 thena 5p. 1 Z 3 60.6 .7 
centrooaa6 typicus 13 5 76 70 33 37 234 4730.8 53.1 

HAUl 16 "ET 3 10 LARVAE 0'.& FEEDING 

Acartia sp. 1 1 10.5 .2 
ea I anus finmardt1eus 1 1 4 6 63.4- 1.0 
Pseudoca1anus Sf'. 1 19 44 31 199 47 347 3668.B 56.9 
lSancalanus sp. 1 9 10 5 25 264.3 4.1 
Tf!mCIrCl sp. 1 10.5 .2 
01tl'1ona SQ. j :31.7 .5 
Centro!?!9!s ~ 7 25 57 60 46 JO 225 2378.9 36.9 
Gilanus mnor ° 1 1 10.5 .2 
Centropaaes brady;; 1 1 10.5 .2 

HAUl.. 16 NET 6 4 LARVAE 0% FEEDING 

Acartia SPa :3 3 62.5 .5 
Pseudocalanus sp_ 1 11 14 5 68 24 129 2686.8 20.3 
~a ... acalanus sp. 5 18 20 8 1 52 1083.0 8.2 
femora sp. 1 1 20.8 .2 
Oitnona sp. 2 5 1 8 166.6 1.3 
Centro!?!9!S tyntcus 16 19 80 lOS 12 150 442 9206.1 69.6 

Table 5. Copepoda abundance separated into 1 ife stages' and adult sex¢{ is given for each 
of the net haul s ... Larval gut composition of the various taxa and total 1 a rva 1 
abundance wi th their percent feeding are includedo 



COPEPODA ABUNDANCE LARVAL GUT 

rAJA 
: OF : 

CI ell eIlI CIY CV F M TOTAl TOTAL 

HAUl 11 MET 0 13 LARVAE 
---~ --'. 

O~ FEEDING 

:.a ]a nus f1 MIa rchi cus 6 7 69.7 2_1 
=entropa~ hama tus 1 1 9.9 ~3 
~seuaocaianu~ 3 15 12 69 30 129 1284.9 38.5 
:Jaraca 1 anus sp. 10 6 7 5 28 218.9 8.4 
thtnona sp. 2 1 3 29.8 .9 
Cen tropaQes typl cus 5 5 66 29 38 24 161 1663.5 49.8 

HAUL 17 NIT 3 1 LARVAE 01 FEEDING 

::a hnus fi f'lfMn::hi cus 1 2 1 13 17 219.9 3.1 
?seudocalanus sp. 3 25 56 48 135 25 292 3778.3 53.2 
"1etrldla sp. 1 1 12.9 .2 
?aracalanus Spa 6 10 12 :3 31 401 .. 1 5.6 
lemar-a sp. 1 1 12-.9 .2 
QithOM sp. 1 5 2 8 103.5 1.5 
I..ent"'oa~ typic:us 2 6 54 32 50 5S 199 2574.9 36.2 

HAUL 17 NET 6 10 LARVAE 2t:l': FtEDI MG 

Pseudocalanus sp. 7 10 5 18 6 47 2086.8 18.1 
:araca lanus sp. 12 17 11 2 42 1864.8 16.2 
]1 thana sp. 1 2 6 9 399.6 3.5 50: 
~entrooa<res tyPi cus 7 9 29 19 49 48 161 7148.6 62.2 Ca laooloea t 50: 

COPEPODA AStJNOANCE LARVAl GUT COMPOSiilON 

HO/m3 
:; OF PREY :; OF 

")p._'1._", CI en ClII cn cv F M TOTAl TOTAl OCCURRENCE TOTAL 

HAUl 18 NET 0 2S LARVAE 16:r; FEEDING 

CalanYS finmarehicus 3 3 44.3 .7 :3 16: 
Pseudocalanus SPa 9 23 29 140 31 238 3511.7 53.9 4 21~ 
~aracalanus SPa S 4 1 l 16 236.1 3.6 4 21: 
Centropage5 typi cus 5 9 60 45 38 27 184 2114.9 41.7 Z 10.5: 
01thona sp. 4 21': 
LalanoHtea 1 5.3% 
Labidocera 1 5.3': 

HAUL 18 NET :3 7 LARVAE n: FEEDING 

Acartia SD. 1 1 2 41.0 .6 
ea 1 anus f'inmard'1i cus 1 1 ZO.S .J 
Pseudocalanus sp. 1 3 14 17 108 23 166 3406.5 50.2 1 20~ 
Paracalanus sp. 5 10 12 17 2 46 943.9 13.9 
femora SPa 2 2 41.0 .6 
OithoM sp. 2 5 1 8 164.2 2.4-
cen t1"Opi!lges typi cus 9 7 25 24 W Z1 106 2175.3 32.0 2 40% 
Unloentified Copepoda 2 40~ 

HAUl 18 HET 6 15 LARVAE 65: FEEDING 

P~eudocalanus s~. 2 7 4 5 10 :3 31 1454.5 11.S 2 m 
Pa raea I anus SPa 11 15 7 33 1548.3 12.2 
Oitnona SPa 4 4 10 2 20 938.4 7.4 10~ 
Cerrtropaoes typi ellS 4 1 Z1 32 61 61 186 a726.8 69.0 
Ca j a nus fi nma n::n 1 CIJS 2 20~ 
~dea :3 30: 
Unidentif1ed Co~da 2 201 

Table 5 .. Continued 
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o)PEPOOA ABUNDANCE lARVAl GUT COMl'OSITlOH 

NO/1ft 3 ~ OF PREY : OF 
TAXA Cl eII CIII CIV tv F H TOTAl TOTAl OCCURRENCE TOTAl 

HAUl 19 NET 0 13 LARVAE 1.6% FEEDING 

Calanus finmarchieus 1 Z :3 35.8 .7 
: Pseuaoca1anus sp. 3 14 21 28 108 20 189 2258.3 44.0 
• ~aracalanus sp. 1 10 6 7 :3 27 3Z2.6 6.3 

01thona sp. 1 4 5 59.7 1.2 
Centrof.:!!9.!s t)'oi ellS 15 5 44 J4 61 45 Z04 Z431.5 47.4 
Tlsbe Z Z 23.69 .S 
Unidentified Copepoda 100: 

HAUl 19 HET :3 3 LARVAE lOO~ F£EOIHG 

Acartia 5p. 1 1 5.1 .0 
calanus f1nmarehieus 1 :3 1 5 Z8.6 1.0 
~atanus sp. 2. 11 23 17 165 52 270 1548.0 52.6 .3 33.3~ 
~aracalanus sp. 1 18 ZO ZO 7 66 378.4 12.9 1 11.1~ 
Temora sp. 1 1 2 11.4 .4-
0; thona sp. a 5 Z 15 86.0 3.0 
centroQa1:les typi cus 9 18 19 60 39 153 877.2 29.8 3 33.3: 
Calanus ""inar 1 1 5.7 .2 
~~ 2 22.2% 

HAUl 19 NET 6 4. LARVAE 100: FEEDING 

Calanus fimliarchicU$ 1 1 21.8 ., 
.'" 

PseudOcatanus sp. 9 Z9 11 69 7 125 2121.7 '2.1.4 
Paracalanus SPa 1 35 49 39 4 12S 27~.2 za.O Z 33.3% 
femora s~. 1 1 21.8 .2 
0; thana Sfl. . 9 6 4 7. 21 458.2 4.0 16.6~ 
tentrooages tv?; cus 31 36 61 20 14 12 180 3927.9 39.5 
Calanoldea 3 50.0~ 

Table 5. Continued 




