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Introduction 

Distinct populations of planktonic and micronelctonic marine organisms appear to be 
maintained around islands. These include populations of meso-pelagic fishes (Reid, et al. 
1991), larval fishes (Leis and Miller, 1976; Leis, 1982; Boehlert, et al. 1992), and 
zooplankton (Leis, 1982). The relative importance of physical and biological processes in 
the maintajnence of these populations is unclear. Detailed vertical distribution data for 
zooplankton around islands is lacking, so that the degree to which vertical distribution can 
affect the ability of zooplankton to be retained around islands cannot be assessed. To 
address this problem we have determined the vertical distribution of four species of 
copepods together with the physical structure of the water column for four seasonal 
transects off the leeward and windward coasts of the island of Oahu in the Hawaiian 
Archipelago. This data report is intended to provide a detailed data summary of station 
information and copepod abundances that will be used for future publication of the 
analyzed data set. A data report on larval fish distributions from the same seasonal cruises 
will also be issued (Boehlert and Mundy, in prep), and the distribution of tuna larvae has 
been discussed (Boehlert and Mundy, 1994). 

For our analysis of copepod distributions we chose two neritichearshore species, the 
calanoid Undimla vulgaris (Dana) and the pontellid Labidocera madurae (Scott), and two 
oceanic species, both calanoids, Cosmucalanus danvinii (Lubbock) and Scolecithrix dame 
(Lubbock). U. vulgaris and C. dunvinii are closely related, the latter species formerly 
having been classified in the genus Undinula . C. dunvinii and S. dame are widespread 
species, but are strictly oceanic (Grice, 1961). U. vulgaris is also a widespread species 
found throughout warm, tropical waters (e.g., Wilson, 1950; Michel and Foyo, 1976), but 
it most commonly occurs in neritic waters, where it can be very abundant (Grice, 1961). 
L. rnadwae is little reported in the literature and appears to be associated with islands in the 
tropical Indo-Pacific (Scott, 1909). Leis (1982) found U. vulgaris to be most abundant at 
0.5-1 km from shore off Kahe Point on the leeward Oahu coast, and L. madurae at 0.2 
km. All four species are of similar sizes, ranging from 2.0-2.6 mm for females and 1.6- 
2.0 mm for males. 
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Methods 

, 

, 

Day/night vertical series of plankton samples were collected during onshore/offshore 
transects on 6-15 September and 12-20 December, 1985, and 8-18 April and 24 June - 2 
July, 1986. Stations were occupied at 1.8,9.3, and 28 km off Kahe Point on the leeward 
Oahu coast (identified as L1, L5, and L15) and 3.7,9.3, and 28 km off Kaneohe Bay on 
the windward side (W2, W5, W15) (see Figure 1 in Boehlert and Mundy, 1994). Tows 
were taken as nearly parallel to the coast as weather conditions would allow. The 
nearshore stations were occupied near the 1001-11 depth contours, but, due to weather 
constraints and the steep bathymetxy, some tows ended over deeper water. Sampling was 
done with a 1 m2 MOCNESS multiple openinglclosing net and environmental sensing 
system (Weibe et al. 1985), which provided measurements of depth, conductivity, 
temperature, and several characteristics of net performance (velocity, mouth angle, water 
volume filtered). MOCNESS samples were collected between 0-80 m at the nearshore 
stations (10 m intervals from 0-60m plus 60-80 m) and between 0-200 m at the offshore 
stations (20 m intervals from 0-120 m and 40 m intervals from 120-2OOm). Surface 
neuston samples were taken with a 0.49 m2 modified Manta net, which sampled the 0-0.7 
m (neuston) depth interval. Replicate night and day tows were taken at each site (identified 
as N1, N2 and D1, D2). Tows at several depth intervals within the thermocline were taken 
at some stations, and data from one such tow (TC8602 L5 thermocline) are reported here. 
A mechanical flowmeter attached to the MOCNESS frame above the nets provided filtration 
volume estimates (Wiebe et al. 1985) and densities of copepods were calculated as number 
of individuals per 1000 cubic meters. Water column abundance was calculated by 
multiplying density x 1000 x the depth range sampled within each stratum and summing the 
resultant values for all strata in a tow. Water column abundance is thus presented as total 
number of individuals/ m2 sea surface area For depth intervals where the measured end 
and start depths of successive strata were not identical, the midpoint between the end and 
start depths was used in calculations. Station and environmental data are presented in 
Table 1. 

Identifications of adult females and males of Undinula vulgaris and Cosmcalanus 
(formerly Undinula) darwinii were from descriptions by Mori (1937), Scolecithrix dunae 
from Rose (1933), and Labidocera madurae from the original description by Scott (1909). 
According to Leis (1978) the species identification of the Labidocera in nearshore Hawaiian 
waters is uncertain, but most closely resembles the description of Scott (1909) for L. 
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Preserved samples from cruises TC8504 and TC8602 were subsampled using a 
Folsom splitter. Later subsampling, for Undinula vulgaris alone, was done with a 10 ml 
Stempel pipet, drawing fractions from a known sample volume. Due to occasional large 
differences in abundance among species, different sized fractions were sometimes counted 
for the different species. For the first 18 samples, replicate subsamples of the Folsom 
splitter were counted to check for the accuracy of subsampling. After the first 6 samples 
had been counted, the splitting was modified by manually stirring the sample in the splitter 
with a plastic paddle as the split was being made. This modification increased the accuracy 
of the split from 83% (n=6) to 91% (n=12), where percent = the lower count of the two 
subsamples divided by the higher count x 100 (minimum of 100 individuals in each 
subsample). This was particularly necessary for Sculecithrix duruze, which tended to be 
unevenly distributed in the sample due to the combination of a relatively high density 
compared to the other copepods and a tendency to collect air bubbles on its carapace. 
Successive splits did not introduce appreciable error into the counts, as the lower count of 
replicate splits averaged 90-94% of the larger over a range of 5 successive splits (n=12). 

Copepods from the nearshore stations (Ll, W2) were counted over the entire depth range 
sampled (0-SOm), while the offshore stations (L5, L15, W5, W15) were counted from the 
surface to depth until the target copepods were rare or absent (usually to 120 or 160 m 
maximum depth). For the September 1985 cruise, TC 8504, the four copepod species 
were counted in all vertical series except W2N2. In the latter series, Undinula vulgaris was 
so overwhelmingly dominant that counting for other species was impractical. For the other 
three cruises, selected samples and species were counted. Only for one replicate series, of 
the April 1986 leeward transect, were all four species counted. In the other transects, U. 
vulgaris was the only species counted from the MOCNESS series, with Labidoceru 
mdurae being counted from Manta Net samples of all transects. This strategy provided a 
complete vertical and horizontal distribution for all species during the leeward and 
windward September transects and the leeward April transect, as well as seasonal profiles 
for U. vulgaris and L. mdurae during the other transects. 

The samples that were counted from the four cruises are indicated in Table 1. 

Results 

Total water column abundances (Table 2) confirm the neritidnearshore distribution of 
both Undinula vulgaris and Midocera madurae, as the abundance of both species drops 
rapidly moving away from shore. Abundances of the oceanic species Cusmcalanus 
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darwinii and Scolecithrk danae show a corresponding decrease in abundance moving 
onshore. The relative decrease in abundance of the oceanic species in nearshore waters is 
far less than that of their nearshore counterparts in oceanic waters. Water column 
abundances of U. vulgaris and L. madurae decrease by 1-3 orders of magnitude moving 
offshore, while abundances of C. darwinii and S. dame decrease by a factor of only 2-5 
moving onshore. However, it should be noted that comparing absolute abundances 
between windward and leeward sides, and between seasons, is complicated by the 
possibility that physical processes may be shifting the center or edges of a species' 
distribution nearer or further from the island. 

danuinii, and Scolecithrix dame (Table 2) at the nearshore leeward and windward stations 
(Ll, W2) are minimum estimates because the entire vertical range of these species was not 
sampled there. Virtually all of the vertical range of these three species was covered by our 
sampling in offshore waters (Table 3), but these species sometimes were abundant at 
depths of 80-100m, which exceeds the maximum sampling depth at the L1 and W2 stations 
(maximum sampling depth of 80 m over a nominal bottom depth of 100 m). In the 
nearshore stations the densities of U. vulgaris, C. darwinii, and S. danae frequently were 
high in the deepest 60-80111 stratum. Thus, while peak densities were generally in 
shallower straturn, a potentially significant fraction of the population sometimes may have 
been present below our sampling range at the nearshore stations. This problem does not 
apply to Labidocera mudurae, because of its shallow vertical distribution. 

Vertical distributions of the four copepod species in numbers per 1000 cubic meters, 
broken down into male, female, and total adult, are given in Tables 3-6. Undinula vulgaris 
was the most abundant species in nearshore samples, both windward and leeward of Oahu, 
occurring in densities of up to 800 adultdcubic meter (Table 3: TC8504 W2N2,45-50 m 
depth stratum). During TC8504 (September) Labiducera mudurae was largely limited to 
the upper 1 m of the water column, except for one series that had higher abundances in the 
1-10m sample (LlN2). During the leeward transect of TC8602 (April), L. madurae was 
distributed throughout the water column at the 1.8 and 9.3 km stations, but only in the 
surface layer at the 28 km station. Scolecithrix dame demonstrated the most pronounced 
and consistent daybight differences in vertical distribution, with a depth range of 
approximately 60-100 m during the day and 0-40 m at night. A variable degree of apparent 
migratory behavior was exhibited by U. vulgaris and Cosmocalanus danuinii. Variable 
patterns are evident here over relatively short distances. For instance, during TC8504 
(September) all three species had pronounced differences in day and night distributions at 
the 27.8 km leeward station, but relatively little difference at the 9.3 km station. 

The estimates of total water column abundance of Undinula vulgaris, Cosmocalanus 
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Abundances of Midocera madurae in Manta net samples are given in Table 7 and 
include additional stations not shown in Tables 3-6. L. madurae distributions show a trend 
toward higher abundances on the leeward side. It is likely that this is due to the leeward 
station being 1.8 km from shore vs. 3.7 km on the windward side, as L. madurae's peak 
abundance in Leis (1982) was at 0.2 km from shore. L. madurae also tended to be more 
abundant at the offshore stations on the leeward side compared to windward, in particular 
being consistently very rare or absent at the windward 28 km stations. The April cruise 
showed an unusual pattern in L. madurae distribution, in that the copepod was distributed 
throughout the upper 100 m at the leeward 1.8 and 9.3 km stations, and was also 
uncharacteristically abundant at the 9.3 lun station (Table 5). At other stations L. madurae 
was found only in surface waters. The windward transects in April also displayed unusual 
patterns in that the abundance of Undimla vulgaris was very low nearshore. Though the 
oceanic indicator species were not counted in these samples, it was noted that they and 
other typically oceanic species (e.g., Neocalanus gracilis, Haloptilus longicornis) were 
present in the nearshore windward (W2) samples. 

General features of the distribution of these copepod species around Oahu conform to 
earlier characterizations as insular or oceanic taxa, Detailed interpretation of the 
distributional patterns of copepods is beyond the scope of this data report. Analysis of the 
physical structure of the water column during sampling is not presented here. A detailed 
discussion of the effects of water column structure and other influences on the distribution 
of copepods near Oahu will be the subject of further analysis based on the data tabulated 
here. 
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Table 1. Station and environmental data for 1985-86 cruises. Start time is time of f i s t  CTD 
reading of MOCNESS deployment. Maximum temperature is maximum in O C  

recorded during deployment. Cloud cover is from ship's logs and gives fractional 
cover of sky. Also given are depths and species counted from the MOCNESS 
and Manta net deployments. 
U = Undinula vulgaris 
S = Scolecithrix danae 

C = Cosmocalanur danvinii 
L = Labidocera madurae 

Depth MOCNESS MantaNet 
Species 

Cruise Location Station Date Time Temperature Cover Counted Counted counted 
Start Maximum Cloud Range Species 

TC-8504 LlDl 29 9/11/85 11:33 27.19 
TC-8504 L1D2 30,31 9/11/85 1455 27.37 
TC-8504 LlNl 
TC-8504 L1N2 
TC-8504 L5D1 
TC-8504 L5D2 
TC-8504 L5N1 
TC-8504 L5N2 
TC-8504 L15D1 
TC-8504 L15D2 
TC-8504 L15N1 
TC-8504 L15N2 
TC-8504 W2D1 
TC-8504 W2D2 
TC-8504 W2N1 
TC-8504 W2N2 
TC-8504 W5Dl 
TC-8504 W5D2 
TC-8504 W5N1 
TC-8504 W5N2 
TC-8504 W15D1 
TC-8504 W15D2 
TC-8504 W15N1 
TC-8504 W15N2 

TC-8505 LlDl 
TC-8505 L1D2 
TC-8505 LlNl 
TC-8505 L1N2 
TC-8505 L5D1 
TC-8505 L5D2 
TC-8505 L5N1 
TC-8505 L5N2 

32 
34 
25 
28 
26 
27 
35 
36 
37 
38 
7 
8 
9 

10 
2 
5 
3 
4 

11 
13 
14 
15 

911 1/85 
9/13/85 
9/10/85 
911 1/85 
9/10/85 
9/11/85 
9/12/85 
9/12/85 
9/12/85 
9/12/85 
9/7/85 
9/7/85 
9/7/85 
9/7/85 
9/6/85 
9/7/85 
9/6/85 
9/7/85 
9/8/85 
9/8/85 
9/8/85 
9/8/85 

21 12/16/85 
22 12/16/85 
24 12/16/85 
25 12/16/85 
23 12/16/85 
28 12/17/85 
26 12/17/85 
27 12/17/85 

20: 12 
00:20 
1554 
08% 
20: 10 
00.47 
1255 
1521 
21:02 
W03 
13:38 
1621 
203 1 
23: 10 
1550 
08:29 
20:20 
03:05 
08:19 
14:15 
20:21 
01:lO 

08:30 
11: 19 
1954 
22  10 
13:46 
09: 14 
0056 
03:26 

26.93 
26.99 
27.09 
26.96 
26.58 
26.66 
27.52 
26.96 
26.77 
26.59 
26.18 
26.36 
26.16 
26.18 
28.70 
26.38 
26.54 
25.97 
26.59 
27.20 
26.74 
26.78 

24.77 
24.70 
24.60 
24.47 
24.7 1 
24.63 
24.5 1 
24.70 

4/8 
6B 
2/8 

clear 
3/8 
3B 
3/8 
2B 
3/8 
2/8 
6B 
1/8 
7/8 
7/8 
6/8 
4/8 
3/8 
7/8 
4/8 
3/8 
3/8 
6/8 
4/8 
4/8 

2/s 
7/8 
1/8 
1/8 
4/8 
5/8 
1/8 
1/8 

0-80 
0-80 
0-80 
0-80 
0-120 
0-120 
0-120 
0-120 
0-160 
0-160 
0-120 
0-120 
0-80 
0-80 
0-80 
0-80 
0-120 
0-120 
0- 120 
0-120 
0-120 
0-120 
0-120 
0-120 

0-120 
0- 1 
0-80 
0-80 
0-120 
0- 1 
0-100 
0-100 
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Table 1 (cont). Depth MOCNESS MantaNet 
Start Maximum Cloud Range Species Species 

Cruise LocationStation Date Time Temperature Cover Counted Counted counted 

TC-8505 L15D1 
TC-85b5 L15D2 
TC-8505 L15N1 
TC-8505 L15N2 
TC-8505 W2D1 
TC-8505 W2D2 
TC-8505 W2N1 
TC-8505 W2N2 
TC-8505 W5D1 
TC-8505 W5D2 
TC-8505 W5N1 
TC-8505 W5N2 
TC-8505 W 15D1 
TC-8505 W15D2 
TC-8505 W15N1 
TC-8505 W 15N2 

TC-8602 LlDl 
TC-8602 L1D2 
TC-8602 LlNl 
TC-8602 L1N2 
TC-8602 L5D1 
TC-8602 L5D2 
TC-8602 L5N1 
TC-8602 L5N2 
TC-8602 L5 
TC-8602 L15D1 

29 12/17/85 
30 12/17/85 
32 12/17/85 
33 12/18/85 

5 12/13/85 
6 12/13/85 
7 12/13/85 
8 12/13/85 
1 12/12/85 
4 12/13/85 
2 12/12/85 
3 12/13/85 

10 12/14/85 
11 12/14/85 
14 12/14/85 
15 12/14/85 

6 4/9/86 
7,8 4/9/86 

9 4/9/86 
10 4/9/86 
1 4/8/86 
5 4/9/86 
3 4/8/86 
4 4/9/86 

11 4/10/86 
12 4/10/86 

1228 
1510 
2202 
0052 
10:47 
13:28 
20: 13 
2239 
15:Ol 
0755 
20  14 
W.42 
08:05 
1058 
2 0  18 
2248 

1156 
1439 
2022 
23:09 
1403 
08: 19 
21:12 
0056 
0250 
08:35 

24.81 
24.96 
24.89 
24.89 
24.80 
24.96 
24.59 
24.53 
24.74 
24.38 
24.46 
24.39 
24.42 
25.20 
24.39 
24.44 

24.16 
24.17 
24.08 
24.09 
24.26 
24.13 
24.24 
24.10 

24.16 
-__ 

TC-8602 L15D2 18,19 4/11/86 11~13 24.18 
TC-8602 L15N1 
TC-8602 L15N2 
TC-8602 W2D1 
TC-8602 W2D2 
TC-8602 W2N1 
TC-8602 W2N2 
TC-8602 W5D1 
TC-8602 W5D2 
TC-8602 W5N1 
TC-8602 W5N2 
TC-8602 W15D1 

20 
21 
38 
39 
42 
43 
31 
32 
34 
35 
45 

4/11/86 
411 1/86 
4/15/86 
4/15/86 
4/15/86 
4/16/86 
4/14/86 
4/14/86 
41 14/86 
4/15/86 
4/16/86 

20:47 
2356 
09: 15 
1222 
2152 
0 0  17 
#:11 
13:34 
20: 19 
01:16 
08:21 

24.10 
23.99 
23.34 
23.31 
23.37 
23.27 
23.34 
23.32 
23.19 
23.28 
23.21 

5/8 
6/8 
8/8 
5/8 
2/8 
3/8 
5/8 
3/8 
4/8 
4/8 
3/8 
3/8 
2/8 
1/8 
4/8 
1/8 

7/8 
8/8 
4/8 
6/8 
6/8 
5/8 
5/8 
5/8 
7/8 
8/8 
7/8 
6/8 
8/8 
8/8 
8/8 
4/8 
8/8 
6/8 
6/73 
7/8 
618 
4/8 

0-120 
0-1 
0-100 
0-100 
0- 1 

0-80 
0-80 
0-1 

0-100 
0-100 
0- 1 

0-100 
1-100 

0-80 
0-80 
0-80 
0-80 
0-1 
0-120 
0-160 
0- 1 
49-105 
0-1 
0-120 
0-120 
0-1 
0-80 
0-80 
1-80 
1-80 
0-120 
0-1 
1-100 
1-100 
0- 1 

1 
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Table 1 (cont). Depth MOCNESS MantaNet 
Start Maximum Cloud Range Species Species 

Cruise LoeationStation Date Time Temperature Cover Counted Counted counted 

TC-8602 W15D2 46 
TC-8602 W15N1 47 
TC-8602 W15N2 49 
TC-8604 LlDl 6 
TC-8604 L1D2 7 
TC-8604 LlNl 8 
TC-8604 L5N1 2 
TC-8604 L5N2 3 
TC-8604 L15D1 12 
TC-8604 L15D2 13,14 
TC-8604 L15N1 16 
TC-8604 L15N2 17 
TC-8604 W2D1 32 
TC-8604 W2D2 33 
TC-8604 W2N1 35 
TC-8604 W2N2 36,37 
TC-8604 W5D1 30 
TC-8604 W5D2 31 
TC-8604 W5N1 29 
TC-8604 W5N2 34 
TC-8604 W15D1 39 
TC-8604 WED2 41 
TC-8604 W15N1 45 
TC-8604 W15N2 46 

4/16/86 
4/16/86 
4/17/86 
6/25/86 
6/25/86 
6/25/86 
6/24/86 
6/25/86 
6/26/86 
6/26/86 
6/26/86 
6/26/86 
6/29/86 
6/29/86 
6/29/86 
6/30/86 
6/29/86 
6/29/86 
6/29/86 
6/29/86 
6/30/86 
6/30/86 
6/30/86 
6/30/86 

1206 
2042 
W32 
14:21 
16:39 
204 1 
23: 14 
0231 
0824 
11:02 
2053 
23:33 
1351 
16 14 
23: 17 
04:35 
08:30 
11: 10 
0 2  19 
2047 
0832 
1220 
2050 
23: 14 

--- 
23.44 
23.39 
26.07 
25.91 
25.86 
25.95 
25.94 
26.41 
27.32 
26.26 

25.57 
25.53 
25.38 
25.39 
25.39 
25.51 
25.39 
25.48 
25.33 
25.52 
25.43 

---- 

---- 

3/8 
4/8 
7la 
3/8 
3/8 
4/8 
5/8 
7/8 
2/8 
1/8 
6/8 
2/8 
5/8 
8/8 
7/8 
7/8 
7/8 
5/8 
4/8 
8/8 
7/8 
4/8 
6/8 
2/8 

0- 1 
1-100 
1-100 
0-80 
0-1 
1-80 
1-100 
1-100 
0-120 
0-1 
1-100 
1-100 
0-1 
0-1 
1-80 
1-80 
0-1 
0-1 
1-100 
1-100 
0- 1 
0-1 
1-100 
1-100 

U 
U 
U 

U 
U 
U 
U 

U 
U 

U 
U 

U 
U 

U 
U 

L 

UZ 
L 

UL 
L 

L 
L 

L 
L 

L 
L 
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Table 2. Total number of adult copepods per square meter of sea surface area, average of n replicate 
vertical series. Day series were not used when maximum abundances were at the deepest 
depth sampled, which occurred at several of the 1 and 2 mile (nearshore) stations with 
Undinula vulgaris. 

Undinula Cosmocalanus Scolecithrix Labidocera 
Maximum vulgaris durwinii dame rnudurae 

Cruise Location TemDerature n #/m2 n #/m2 #I& #/m2 

TC-8504 L1 
TC-8504 L5 
TC-8504 L15 
TC-8504 W2 
TC-8504 W5 
TC-8504 W15 

TC-8505 L1 
TC-8505 L5 
TC-8505 L15 
TC-8505 W2 
TC-8505 W5 
TC-8505 W15 

TC-8602 L1 
TC-8602 L5 
TC-8602 L15 
TC-8602 W2 
TC-8602 W5 
TC-8602 W15 

TC-8604 L1 
TC-8604 L5 
TC-8604 L15 
TC-8604 W2 
TC-8604 W5 
TC-8604 W15 

27.12 
26.82 
26.96 
26.22 
26.90 
26.83 

24.6 1 
24.64 
24.86 
24.56 
24.43 
24.42 

24.13 
24.19 
24.14 
23.32 
23.27 
23.35 

25.91 
25.91 
26.34 
25.39 
25.44 
25.43 

2 
4 
4 
4 
4 
4 

2 
3 
3 
2 
2 
2 

3 
2 
2 
4 
3 
3 

2 
3 
3 
2 
2 
2 

1572 
25 
71 

12453 
49 1 

14 

3602 
1406 
334 
858 
441 

85 

6206 
669 
203 
75 

165 
63 

4585 
922 
144 

7700 
68 1 
80 

4 134 
4 501 
4 364 
4 105 
4 85 
4 200 

2 163 
2 303 
2 621 

5 
27 
23 
9 

24 
26 

15 
23 
13 

3.71 
0.015 
0.056 
0.157 
0.025 
0.002 

12.40 
3.75 
0.25 
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Table 3. Cruise TC-8504, September 1985. Vertical distributions of copepods in numbers/lOOO 
cubic meters. F = female, M = male, I: = total. 

Nominal Mean 
Depth Depth 
LlDl 
0-1 m 0.5 

1-10m 5.5 
10-20m 14.5 
20-30111 24.0 
30-40111 33.5 
40-50m 42.5 
50-60m 54.0 
60-80m 69.5 

L1D2 
0-1 m 0.5 

1-10m 5.5 
10-20m 15.0 
20-30m 25.5 
30-40m 34.5 
40-50m 44.0 
50-60m 52.5 
60-80m 67.5 

LlNl 
0-lm 0.5 

1-10m 6.0 
10-20m 11.5 
20-30m 23.0 
30-40m 32.0 
40-50m 43.0 
50-60m 51.5 
60-80m 68.5 

LlN2 
0-lm 0.5 

1-10m 6.0 
10-20m 13.0 
20-30m 24.0 
30-40m 33.0 
40-50m 41.5 
50-60m 54.5 
60-80m 69.0 

L5D1 
0-1 m 0.5 

1-20m 11.0 
20-40m 29.5 
40-60m 48.5 
60-80m 70.0 

80-100m 88.5 
100-120 m 110.0 

Undinula vulgaris Cosmcalanus darwinii Scolecithrix danae Labiakcera madurae 
F M I :  F M  r, F M Z  F M r, 

5 29 34 56 16 72 3 0 3 27 500 527 
7 8 15 188 167 355 12 22 34 2 10 12 

1240 410 1650 2206 926 3132 36 59 95 0 0 0 
455 317 772 598 189 787 63 29 92 2 2 4 
53 23 76 325 77 402 40 13 53 0 0 0 

3770 2381 6151 6524 2425 8949 63 19 82 13 6 19 
1220 849 2069 549 243 792 0 32 32 6 6 12 
2038 2340 4378 409 105 514 91 10 101 3 0 3 

3 3 6 61 29 90 0 0 0 35 227 262 
11 2 13 159 66 225 6 0 6 3 3 6 
3 6 9 402 142 544 10 14 24 0 0 0 
6 3 9 780 494 1274 19 41 60 0 3 3 

310 401 711 472 182 654 0 0 0 0 0 0 
312 243 555 458 204 662 28 0 28 0 0 0 
74 25 99 564 167 731 13 6 19 0 0 0 

1292 733 2025 827 112 939 101 74 175 0 0 0 

17426 10209 27635 1597 453 2050 0 0 0 13 138 151 
845 404 1249 10645 4830 15475 51 6 57 0 0 0 
692 270 962 3616 1247 4863 38 28 66 0 0 0 

1344 857 2201 643 142 785 32 52 84 0 0 0 
12287 7135 19422 357 14 371 71 29 100 0 0 0 
16168 10894 27062 170 26 196 7 13 20 0 13 13 
46680 36633 83313 131 26 157 0 0 0 0 0 0 
21724 19713 41437 58 32 90 6 0 6 0 0 0 

552 138 690 6407 2217 8624 117 11 128 0 138 138 
32063 22768 54831 1097 522 1619 0 0 0 888 522 1410 
16600 12810 29410 696 336 1032 24 24 48 120 0 120 
3843 3251 7094 669 508 1177 0 25 25 0 37 37 
5690 5703 11393 560 100 660 12 25 37 0 0 0 
1296 1258 2554 1005 216 1221 64 51 115 0 13 13 
3063 2749 5812 2737 1494 4231 50 63 113 0 0 0 
775 762 1537 1437 781 2218 49 43 92 0 0 0 

4 0 4 8 0 8 0 0 0 0 0 0 
19 17 36 572 90 662 9 5 14 0 0 0 
58 13 71 14132 4834 18966 84 45 129 0 0 0 

574 444 1018 9017 2831 11848 130 104 234 0 0 0 
31 15 46 155 21 176 148 89 237 0 0 0 
47 30 77 8 2 10 239 101 340 0 0 0 
3 3 6 6 2 8 6 0 6 0 0 0 



Nominal Mean Undinula vulgaris Cosmocalanus daminii Scolecithrix danae 
Depth Depth F M x F M I: F M x 
L5D2 
0-1 m 0.5 0 0 0 32 39 71 5 0 5 
1-20m 10.0 23 13 36 104 47 151 7 0 7 
20-40m 29.0 6 12 18 1111 169 1280 6 0 6 
40-60m 48.5 513 269 782 9043 6952 15995 154 64 218 
60-80m 68.0 0 7 7 1440 1032 2472 263 204 467 
80-100m 88.5 0 2 2 10 5 15 2 3 5 
100-120m 109.0 0 0 0 5 0 5 2 0 2 

L5N1 
0-1 m 0.5 29 45 74 2920 1324 4244 3 0 3 
1-20m 11.0 50 110 160 3238 971 4209 585 632 1217 
20-40m 28.5 306 177 483 6067 1850 7917 316 350 666 
40-60m 48.0 295 461 756 3138 1153 4291 222 117 339 
60-80m 67.5 0 2 2 791 376 1167 28 0 28 
80-100m 86.0 0 0 0 28 0 28 3 0 3 
100-120 m 108.0 0 0 0 2 0 2 0 0 0 

L5N2 
0-1 m 0.5 0 32 32 5762 2327 8089 24 0 24 
1-20m 10.0 116 71 187 5539 2992 8531 640 379 1019 
20-40m 29.5 656 554 1210 2522 1166 3688 183 168 351 
40-60m 50.5 66 60 126 4694 2630 7324 163 109 272 
60-80m 69.5 26 0 26 7481 4656 12137 26 116 142 
80-100m 89.0 0 0 0 1626 455 2081 20 3 23 
100-120m 109.0 2 2 4 24 2 26 3 0 3 

L15D1 
0-1 m 0.5 2 2 4 102 10 112 0 0 0 
1-20m 10.5 6 8 14 45 11 56 0 0 0 
20-40m 28.5 103 59 162 167 28 195 0 0 0 
40-60m 47.5 411 303 714 1276 273 1549 5 4 9 
60-80m 67.0 143 88 231 2525 909 3434 6 0 6 
80-100m 90.0 1390 1522 2912 8663 4864 13527 182 271 453 
100-120 m 110.5 33 38 71 71 29 100 181 386 567 
120-160 m 139.0 4 11 15 17 4 21 1 4 5 

L15D2 
0-1 m 0.5 1 1 2 90 19 109 0 1 1 
1-20m 11.5 3 3 6 601 71 672 1 0 1 
2 0 4 m  31.0 0 3 3 818 224 1042 0 0 0 
40-60m 50.5 171 126 297 1595 373 1968 6 6 12 
60-80m 68.5 1176 1493 2669 2882 1268 4150 13 40 53 
80-100m 88.0 111 70 181 2134 755 2889 126 277 403 
100-120 m 110.0 0 2 2 15 2 17 126 101 227 
120-160 m 140.0 1 0 1 0 1 1 5 1 6 

L15N1 
0-1 m 0.5 373 73 446 4751 888 5639 0 4 4 
1-20m 10.5 936 1148 2084 1810 462 2272 574 225 799 
2 0 4 m  28.5 588 248 836 712 365 1077 274 189 463 
40-60m 49.5 45 19 64 1520 683 2203 217 109 326 
60-80m 69.5 0 10 10 2425 1373 3798 52 26 78 
80-100m 89.5 2 0 2 640 254 894 2 3 5 
100-120m 111.5 0 0 0 3 0 3 2 0 2 

12 

Labidocera rnudurae 
F M x 
3 3 6 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

3 3 6 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

16 32 48 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

1 3 4 
2 2 4 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

14 20 34 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

4 27 31 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 



Nominal Mean Undinula vulgaris Cosmocalanus darwinii Scolecithrix dame Labidocera madurae 
Depth Depth F M I: F M z F M  I: F M I: 
Ll5N2 
0-lm 0.5 275 123 398 8018 6072 14090 6 0 6 29 53 82 

1-20m 10.5 1983 1786 3769 6137 2970 9107 366 249 615 0 0 0 
20-40m 27.0 400 317 717 2958 1111 4069 203 158 361 0 0 0 
40-60m 47.5 76 57 133 5704 1823 7527 108 152 260 0 0 0 
60-80m 69.5 13 13 26 4177 2297 6474 7 7 14 0 0 0 

80-100m 88.5 0 7 7 2305 1434 3739 0 0 0 0 0 0 
100-120m 111.0 0 0 0 152 39 191 0 0 0 0 0 0 
120-160 m 138.5 2 0 2 0 0 0 0 0 0 0 0 

W2Dl 
0-1 m 0.5 70 81 151 34 9 43 0 0 0 195 28 223 

1-10m 4.5 17896 18679 36575 671 280 951 168 336 504 56 0 56 
10-20m 14.5 183285 123388 306673 2396 2396 4792 0 0 0 0 0 0 
20-30m 24.0 180750 100140 280890 2909 2076 4985 831 0 831 0 0 0 
30-40m 28.5 118321 84455 202776 732 105 837 0 209 209 0 0 0 
40-50m 40.5 37619 19769 57388 0 96 96 96 96 192 0 0 0 
50-60m 55.0 93021 71444 164465 2757 839 3596 0 0 0 0 0 0 
60-80m 69.5 60503 47377 107880 2666 1231 3897 103 103 206 0 0 0 

W2D2 
0-lm 0.5 101 77 178 311 59 370 2 5 7 2 2 4 

1-10m 4.0 210 315 525 1707 473 2180 26 0 26 0 0 0 
10-20m 12.0 2535 3689 6224 929 394 1323 28 28 56 0 0 0 
20-30m 22.5 219891 204153 42Ao44 729 874 1603 0 291 291 0 0 0 
30-40m 34.5 48683 44450 93133 770 192 962 0 0 0 0 0 0 
40-50m 42.5 39375 23277 62652 290 218 508 0 0 0 0 0 0 
50-60m 52.5 17606 9744 27350 498 111 609 55 0 55 0 0 0 
60-80m 69.5 52826 50759 103585 1225 536 1761 230 77 307 0 0 0 

W2N1 
0-lm 0.5 22013 36168 58181 1672 892 2564 0 0 0 0 0 0 

1-10m 5.0 73181 100513 173694 1543 771 2314 0 110 110 0 0 0 
10-20m 15.5 52204 76849 129053 1792 112 1904 0 0 0 0 0 0 
20-30m 25.5 24383 26799 51182 659 330 989 55 0 55 0 0 0 
30-40m 35.0 69751 75871 145622 211 211 422 0 0 0 0 0 0 
40-50m 45.5 -- 
50-60m 55.5 61697 36578 98275 55 0 55 0 55 55 0 0 0 
60-80m 72.5 120996 91774 212770 0 0 0 60 0 60 0 0 0 

W2N2 
0-lm 0.5 4082 5302 9384 469 217 686 12 6 18 5 5 10 

1-10m 5.5 62593 58602 121195 2205 1785 3990 0 105 105 0 0 0 

-- -- --_ I_ --_ --- --- --- I- --- -- 

10-20m 14.5 64791 50952 115743 --- --- I- -- -- --- --- -_ -- 
20-30m 25.5 45625 60333 105958 --- --- --- -- --_ I- --- ___ _-- 
30-35m 31.0 153988 138728 292716 --- --- --- -- --- --- --- --- --- 
35-45m 40.0 315367 259330 574697 --- 
45-50m 48.0 428990 367126 796116 -- --- --- --- --- --- --- -_- --- 
50-60m 54.0 93950 80271 174221 --- --- --- --- --- --- -__ -- I- 

60-80m 70.5 36468 43263 79731 151 0 151 0 0 0 0 0 0 

-_- --- -_ -_ --- __- --- I- 
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Nominal Mean Undinula vulgaris Cosmocalanus danvinii Scolecithrix a'unae Labidocera madurae 
Depth Depth F M z F M c F M z: F M z 
wm1 
0-1 m 0.5 42 12 54 17 8 25 0 0 0 2 4 6 

1-20m 9.0 111 86 197 861 363 1224 18 80 98 0 0 0 
2 0 4 m  28.5 8172 5683 13855 615 288 903 92 183 275 0 0 0 
40-60m 48.0 10101 10299 20400 555 272 827 124 124 248 0 0 0 
60-80m 66.0 17006 13660 30666 1761 755 2516 830 201 1031 0 0 0 

80-100m 87.5 7163 3755 10918 1505 720 2225 257 180 437 0 0 0 
100-120m 111.5 94 38 132 7 2 9 12 9 21 0 0 0 

WSD2 
0-1 m 0.5 14 10 24 2 0 2 0 0 0 27 8 35 

1-20m 9.0 62 34 96 520 116 636 75 34 109 0 0 0 
20-40m 29.0 463 180 643 1338 644 1982 438 335 773 0 0 0 
40-60m 49.5 425 250 675 889 265 1154 88 96 184 0 0 0 
60-80m 69.0 1320 733 2053 168 35 203 28 14 42 0 0 0 

80-100m 88.0 5 7 12 7 2 9 4 2 6 0 0 0 
100-120 m 108.0 4 0 4 6 0 6 0 0 0 0 0 0 

w5N1 
0-lm 0.5 292 120 412 418 178 596 2 2 4 29 2 31 

1-20m 10.5 220 48 268 500 220 720 80 108 188 0 0 0 
2 0 4 m  31.5 705 352 1057 338 85 423 127 113 240 0 0 0 
40-60m 49.5 3499 1982 5481 314 177 491 68 82 150 0 0 0 
60-80m 67.5 139 57 196 130 147 277 49 33 82 0 0 0 

80-100m 88.5 48 42 90 6 12 18 12 12 24 0 0 0 
100-120m 107.0 2 2 4 0 0 0 2 2 4 0 0 0 

w m 2  
0-1 m 0.5 16 23 39 90 20 110 13 0 13 21 7 28 

1-20111 10.5 1934 1464 3398 916 204 1120 164 180 344 0 0 0 
20-40m 28.0 2420 1021 3441 406 112 518 154 84 238 0 0 0 
40-60m 49.5 2401 791 3192 532 205 737 82 82 164 0 0 0 
60-80m 68.0 1484 600 2084 188 127 315 14 31 45 0 0 0 

80-100m 86.5 1072 289 1361 315 244 559 58 26 84 0 0 0 
100-120 m 108.5 0 0 0 0 0 0 14 3 17 0 0 0 

0-1 m 0.5 4 4 8 0 22 22 4 4 8 0 0 0 
1-20m 11.0 35 53 88 71 14 85 50 18 68 0 0 0 

20-40m 31.0 136 68 204 34 7 41 48 27 75 0 0 0 
40-60m 48.5 86 43 129 1867 969 2836 150 135 285 0 0 0 
60-80m 67.5 106 213 319 4923 1639 6562 240 80 320 0 0 0 

80-100m 88S 22 15 37 242 11 253 30 4 34 0 0 0 
100-120 m 107.5 10 3 13 7 3 10 7 0 7 0 0 0 

0-1 m 0.5 1 5 6 16 10 26 1 1 2 0 0 0 
1-20m 10.0 36 33 69 33 0 33 117 36 153 0 0 0 

20-40m 27.5 108 59 167 3 10 13 121 20 141 0 0 0 
40-60m 48.5 8 0 8 23 8 31 116 46 162 0 0 0 
60-80m 68.5 198 184 382 3953 922 4875 290 458 748 0 0 0 

80-100m 90.0 28 28 56 3809 1090 4899 414 124 538 0 0 0 
100-120m 111.0 4 4 8 15 0 15 19 0 19 0 0 0 

W15D1 

W15D2 
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Table 3 (cont.) 
Nominal Mean Undinula vulgaris Cosmocalanus dunvinii Scolecithrix danae Labidocera mdurae 

0-1 m 0.5 
1-20m 11.0 
2 0 4 m  30.5 
40-60m 50.5 
60-80m 68.5 
80-100m 89.0 
100-120 rn 108.0 

0-1 m 0.5 
1-20m 9.5 
20-40m 31.0 
40-60m 50.0 
60-80m 69.5 
80-100m 91.0 
100-120 m 110.5 

W15N2 

Depth Depth F M x F M x F M E F M E 
WEN1 I I I I 

12 6 18 1729 787 2516 0 0 0 
163 176 339 1058 665 1723 326 380 706 
120 93 213 587 200 787 233 127 360 
7 0 7 1052 228 1280 201 69 270 
0 3 3 1583 391 1974 47 3 50 
0 0 0 271 45 316 9 2 11 
0 0 0 10 0 10 7 0 7 

31 31 62 940 171 1111 24 0 24 
199 265 464 2599 1551 4150 199 93 292 
177 163 340 3045 1006 4051 299 116 415 
0 0 0 1699 710 2409 258 165 422 
0 0 0 1445 578 2023 33 50 82 
0 4 4 484 63 547 4 7 11 
0 0 0 71 4 75 0 0 ( 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 6 6 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

I 0 0 0 
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Table 4. Cruise TC-8505, December, 1985. Vertical distribution of copepods in numbers / 1000 
cubic meter. F = female, M = male, = total 

Nominal 

0-1 m 
1-10m 
10-20m 
20-30m 
30-40m 
40-50m 
50-60m 
60-80m 

0-1 m 
1-20m 
2 0 4 m  
40-60m 
60-80m 
80-100m 
100-120m 

0-1 m 
1-20m 
20-40m 
40-60m 
60-80m 
80-100m 
100-120m 

0-1 m 
1-10m 
10-20m 
20-30m 
30-40m 
40-50m 
50-60m 
60-80m 

0-1 m 
1-20m 
20-40m 
40-60m 
60-80m 
80-100m 

0-1 m 
1-20m 
20-40m 
40-60m 
60-80m 
80-100m 

Mean Undinula vulgaris Mean Undinula vulgaris Mean Undinula vulgaris 

LlDl LlNl L1N2 
DepthDepth F M C Depth F M Z Depth F M 

1 32 22 54 1 950 900 1850 1 199 368 567 
6 79 40 119 5 13141 19406 32547 5 1906 2052 3958 
15 0 0 0 14 17887 36105 53992 15 2185 3902 6087 
25 0 37 37 25 23897 48777 72674 24 10783 19714 30497 
35 38 0 38 35 70826 103128 173954 33 4664 4198 8862 
45 38 0 38 46 104031 93298 197329 43 8047 7886 15933 
55 0 38 38 55 6227 6555 12782 55 7582 4285 11867 
70 8614 2940 11554 68 24627 11594 36221 71 10594 7594 18188 

1 11 19 30 1 428 257 685 1 192 170 362 
11 63 188 251 10 2706 2939 5645 11 10959 12359 23318 
30 4591 10330 14920 30 5939 5860 11799 29 1464 1772 3236 
50 11269 15277 26546 50 7123 7042 14165 50 14197 14045 28242 
70 75 150 225 71 8267 7644 15911 71 29869 26955 56824 
90 72 72 143 90 787 350 1137 93 3656 3656 7312 

WD1 L5N1 L5N2 

110 39 0 39 
L15D1 L15N1 L15N2 

1 16 20 36 1 219 76 295 1 320 272 592 
11 66 33 98 10 479 958 1437 11 493 2217 2710 
30 108 108 215 29 247 824 1071 31 1554 2418 3972 
50 387 669 1056 50 977 1244 2221 47 977 977 1954 
70 6336 8390 14726 70 6604 5284 11888 71 187 654 841 
90 2928 5362 8291 88 459 734 1193 91 0 87 87 
110 1 100 101 

W2N1 W2N2 
1 3086 4050 7136 1 
5 15424 20005 35429 6 783 2661 3444 
16 17759 18676 36435 16 598 2479 3077 
24 1444 2247 3691 25 323 969 1292 
35 1032 602 1634 34 771 943 1714 
46 1995 332 2327 45 2205 678 2883 
55 3325 1247 4572 56 5923 1220 7143 
71 8845 2437 11282 71 17539 3490 21029 

I- --- -- 

W5Nl w5N2 
1 619 450 1069 1 -- I- --- 

11 4699 4938 9637 10 84 923 1007 
31 1885 1799 3684 29 167 335 502 
52 563 724 1287 48 3556 1474 5030 
69 663 745 1408 69 4106 3320 7426 
89 0 83 83 89 5799 7405 13204 

w15N1 w15N2 
1 25 15 40 1 --- --- --- 

11 77 697 774 10 250 583 833 
30 151 227 378 29 825 247 1072 
50 79 1420 1499 51 167 669 836 
70 0 71 1 711 70 83 667 750 
93 250 583 833 88 83 579 662 
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Nominal Mean 
Depth Depth 
LlDl 
0-1 m 1 

1-10m 7 
10-20m 16 
20-30m 26 
3 0 4 m  34 
40-50m 45 
50-60m 57 
60-80m 72 

LlNl 
0-1 m 1 

1-10m 5 
10-20m 14 
20-30m 26 
3 0 4 m  35 
40-50m 46 
50-60m 54 
60-80m 68 
m 2  
0-1 m 1 

1-20m 11 
2 0 4 m  30 
40-60m 47 
60-80m 67 

80-100m 89 
100-120m 111 

L5N1 
0-lm 1 

1-20m 10 
20-40m 31 
40-60m 51 
60-80m 69 

80-100m 90 
100-120m 109 
120-160m 138 

0-1 m 1 
1-20m 11 

2 0 4 m  29 
40-60m 50 
60-80m 70 

80-100m 85 
100-120111 107 

0-1 m 1 
1-20m 9 

20-40m 29 
40-60m 49 
60-80m 68 

80-100m 88 
100-120m 110 

L15D2 

L15N1 

Undinula vulgaris Cosmocalanus darwinii Scolecithrix danae Labidocera mdurae 
F M  I: F M I :  F M I :  F M X  

19 26 45 3 0 3 0 0 0 186 29 215 
4 0 4 49 14 63 14 7 21 196 46 242 

7 10 17 1464 939 2403 7 3 10 14 3 17 
319 525 844 1000 362 1362 0 7 7 14 14 28 
28 28 56 1470 728 2198 21 0 21 28 98 126 
28 55 83 934 422 1356 14 35 49 35 28 63 

318 622 940 405 123 528 14 14 28 0 65 65 
4373 7107 11480 719 216 935 43 43 86 43 129 172 

640 466 1106 844 146 990 0 0 0 10 354 364 
641 321 962 2698 2244 4942 107 27 134 0 0 0 
326 815 1141 3712 1630 5342 181 272 453 0 91 91 

3195 6391 9586 3373 1953 5326 178 355 533 0 118 118 
8177 9485 17662 4407 1033 5440 138 69 207 344 69 413 

39098 48428 87526 1155 355 1510 0 0 0 533 89 622 
15061 10973 26034 215 215 430 0 72 72 72 0 72 
1001 1206 2207 76 46 122 23 8 31 129 46 175 

6 13 19 9 0 9 0 0 0 0 3 3 
69 88 157 2355 631 2986 61 41 102 7 27 34 

1524 1524 3048 1850 599 2449 408 463 871 11 16 27 
524 396 920 2149 1014 3163 369 262 631 0 13 13 

12960 20525 33485 1933 1126 3059 167 139 306 11 44 55 
1271 1749 3020 93 21 114 42 3 45 0 0 0 

60 74 134 3 3 6 7 3 10 0 0 0 

889 234 1123 1327 409 1736 0 6 6 30 87 117 
3969 3274 7243 3423 1340 4763 165 66 231 17 17 34 
3245 2979 6224 4159 1504 5663 103 125 228 7 7 14 
2282 1963 4245 4906 2257 7163 25 18 43 37 12 49 
1010 946 1956 1048 626 1674 4 4 8 17 64 81 
434 475 909 32 20 52 9 0 9 6 29 35 
512 602 1114 27 17 44 3 0 3 13 17 30 

2 0 2 0 0 0 0 0 0 2 0 2 

6 3 9 9 9 18 1 0 1 0 1 1 
3731 1837 5568 9779 8875 18654 85 113 198 0 0 0 
4286 4560 8846 6538 8791 15329 110 0 110 0 0 0 
2053 1509 3562 3481 1591 5072 27 0 27 0 0 0 

42 21 63 633 111 744 28 7 35 0 0 0 
4 0 4 11 4 15 44 0 4 4  0 0 0 
0 4 4 11 4 15 4 0 4 0 0 0 

56 80 136 4104 1267 5371 6 0 6 0 0 0 
942 609 1551 10111 6842 16953 194 499 693 28 0 28 
202 121 323 3066 1896 4962 54 40 94 0 0 0 
396 354 750 1827 1005 2832 85 42 127 0 0 0 
22 I 29 375 88 463 37 22 59 0 0 0 
15 7 22 110 11 121 15 7 22 0 0 0 
0 0 0 10 0 10 6 0 6 0 0 0 
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Table 5 (cont). Undinula vulgaris 
Nominal Mean Mean Mean 
Depth 

0-1 m 
1-10m 
10-20m 
20-30111 
304m 
40-50m 
50-60m 
60-80m 

0-1 m 
1-10m 
10-20m 
20-30m 
304m 
40-50m 
50-60m 
60-8Om 

0-1 m 
1-20m 
20-40m 
40-60m 
60-80m 
80-100m 
100-120m 

0-1 m 
1-20m 
20-40m 
40-60m 
60-80m 
80-100m 

Depth F M X  
L1D2 

1 60 41 101 
6 0 786 786 
15 87258 117798 205056 
25 0 1311 1311 
35 o 338 338 
45 475 633 1108 
53 1236 530 1766 
71 1320 2805 4125 

1 5 3 8 
5 217 0 217 
12 37 74 111 
22 0 106 106 
32 73 146 219 
41 0 0 C 
52 0 74 74 
66 39 160 199 

1 2 5 7 
10 35 141 176 
31 74 111 184 
51 649 649 129s 

W2D2 

W5D1 

71 o 248 248 
91 76 38 114 
111 38 38 77 

W15N1 
1 _-_ --- --- 

11 162 323 485 
29 414 414 828 
48 0 178 178 
70 100 502 601 
89 169 592 761 

Depth F M I :  
L1N2 

1 2090 900 2990 
6 11260 11557 22817 
15 19380 19759 39139 
25 30680 37534 68214 
34 56230 55912 112142 
45 57342 69466 126808 
54 93952 97214 191166 
69 206144 261598 467742 

W2N1 

WN thermocline 
94-89 m 92 
105-95111 100 
89-67 m 78 
90-49 rn 70 

-- I- -- I 

41 10 51 
20 9 29 
7 0 7 
17 0 17 

5 184 551 735 
14 1304 1211 2515 
24 366 183 549 
35 557 372 929 
46 183 0 183 
57 544 363 907 
71 297 396 693 

w5N1 

10 444 8356 88OC 
30 178 533 711 
50 433 260 693 
70 375 375 75C 
90 187 747 934 

w15N2 
-- --_ -- 1 

10 525 1050 1575 
29 351 175 526 
49 265 176 441 
68 92 92 184 
89 0 739 73s 

Depth F M C  
W2D1 

1 4 0 4 
6 0 172 172 
15 0 172 172 
25 0 349 349 
35 183 0 183 
43 0 375 375 
54 929 558 1487 
73 584 1168 1752 

W2N2 
1 -_- 
6 183 
15 2717 
24 157 
35 274 
45 83 
55 96 
70 266 

-_ --_ 
734 917 
2264 4981 
315 472 
91 365 
0 83 

192 288 
622 888 

W5N2 
1 --- -_ -- 
9 0 1272 1272 

28 1274 2888 4162 
47 1002 1639 2641 
71 344 2664 3008 
89 0 271 271 

Labidocera madurae 
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Nominal 
Depth 

0-1 m 
1-10 m 
10-20 m 
20-30m 
30-40 m 
40-50m 
50-60m 
60-80m 

0-1 m 
1-20 m 
20-40 m 
40-60m 
60-80 m 
80-100 m 
100-120m 

0-1 m 
1-20 m 
20-40m 
40-60m 
60-80 m 
80-100 m 
100-120m 

0-1 m 
1-10 m 
10-20 m 
20-30m 
30-40m 
40-50m 
50-60m 
60-80m 

0-1 m 
1-20 m 
20-40m 
40-60 m 
60-80 m 
80-100 m 

0-1 m 
1-20 m 
20-40m 
40-60m 
60-801x1 
80-100 m 
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Mean Undinula vulgaris Mean Undinula vulgaris Mean Undinula vulgaris 
Depth F M Depth F M C Depth F M C 

LlDl  LlNl  L1N2 
1 --- --- --- 1 --- --- --- 1 --- --- --- 

5 0 0 0 6 9136 17713 26849 5 19304 31111 50415 
15 0 0 0 15 21578 74577 96155 15 20864 46213 67077 
25 0 0 0 25 20096 82279 102375 25 17124 43381 60505 
35 0 0 0 34 10090 13828 23918 34 7222 15741 22963 
45 0 0 0 42 16108 34490 50598 44 27569 41175 68744 
54 0 0 0 53 5023 7953 12976 55 31648 44308 75956 
70 289 1361 1650 69 24970 24385 49355 71 36677 49599 86276 

1 --- --- --- I- --- -- -_ -- 1 1 -- 
11 0 40 40 10 3274 4247 7521 11 2592 1758 4350 
29 0 41 41 30 727 1183 1910 32 1228 1228 2456 
48 75 0 75 52 1326 1419 2745 51 10083 13630 23713 
67 42 84 126 69 1549 1452 3001 70 4855 4855 9710 
85 33795 41594 75388 90 1925 1604 3529 90 409 204 613 

L5D1 L5N1 L5N2 

106 2857 1633 4490 
L15D1 L15N1 L15N2 -- --- --- --- 1 __- __- I_ 1 -- 1 -- 

9 0 0 0 11 1637 2503 4140 10 388 679 1067 
28 0 0 0 29 794 397 1191 29 3289 5083 8372 
50 0 0 0 47 101 706 807 49 102 1021 1123 
69 0 0 0 66 0 4 0 0 4 0 0  67 0 731 731 
88 568 1095 1663 88 0 783 783 89 0 655 655 
108 164 0 164 

W2N1 W2N2 
1 --- -- --- -_- --_ 1 -- 
5 44853 130118 174971 6 0 12279 12279 
15 62958 74444 137402 15 1792 2588 4380 
24 53534 73768 127302 25 24460 24253 48713 
34 63708 95770 159478 35 50126 62458 112584 
42 40686 38589 79275 45 58040 57177 115217 
54 39069 29414 68483 56 62444 48474 110918 
70 44284 47560 91844 74 55476 62066 117542 

1 --- I- --- --- -- 1 -- 
11 2401 5202 7603 9 432 6041 6473 
28 8700 8893 17593 28 789 8283 9072 
46 372 2230 2602 47 2592 5783 8375 
65 1322 3005 4327 69 1102 5034 6136 
86 1988 6294 8282 89 577 1154 1731 

W5N1 w5N2 

W15N1 WEN2 
--- --- --- --- 1 -- --- 1 

10 0 103 103 8 110 2098 2208 
30 198 296 494 27 103 931 1034 
49 0 760 760 48 0 2380 2380 
70 0 833 833 61 0 720 720 
89 0 99 99 88 0 0 0 



Table 7. Abundance ol Labidocera madurae in surface layer (0-1 m) 
Manta net samples, in number of copepods/ 1000 cubic meters 

Maximum #/lo00 m-3 
Cruise Location Station Date Temperature Females Males ZAdults 

TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 
TC-8504 

TC-8505 
TC-8505 
TC-8505 
TC-8505 
TC-8505 
TC-8505 
TC-8505 
TC-8505 
TC-8505 
TC-8505 
TC-8505 
TC-8505 
TC-8505 

LlDl 
L1D2 
LlNl 
L1N2 
L5D 1 
L5D2 
L5N1 
L5N2 

L15D1 
L15D2 
L15N1 
L15N2 
W2D1 
W2D2 
W2N1 
W2N2 
W5D1 
W5D2 
W5N1 
W5N2 

W15D1 
W15D2 
W15N1 
W15N2 

LlDl 
L1D2 
LlNl 
L1N2 
L5D1 
L5D2 
L5N1 
L5N2 

L15D1 
L15D2 
L15N1 
L15N2 
W2D1 

29 
30,3 1 

32 
34 
25 
28 
26 
27 
35 
36 
37 
38 
7 
8 
9 

10 
2 
5 
3 
4 

11 
13 
14 
15 

21 
22 
24 
25 
23 
28 
26 
27 
29 
30 
32 
33 

5 

911 1/85 
911 1/85 
911 1/85 
9/13/85 
9/10/85 
911 1/85 
9/10/85 
911 1/85 
9/12/85 
9/12/85 
9/12/85 
9/12/85 
9/7/85 
9/7/85 
9/7/85 
9/7/85 
9/6/85 
9/7/85 
9/6/85 
9/7/85 
9/8/85 
9/8/85 
9/8/85 
9/8/85 

12/16/85 
12/16/85 
12/16/85 
12/16/85 
12/16/85 
121 17/85 
12/17/85 
1211 7/85 
12/17/85 
12/17/85 
12/17/85 
12/18/85 
12/13/85 

27.19 
27.37 
26.93 
26.99 
27.09 
26.96 
26.58 
26.66 
27.52 
26.96 
26.77 
26.59 
26.18 
26.36 
26.16 
26.18 
28.70 
26.38 
26.54 
25.97 
26.59 
27.20 
26.74 
26.78 

24.77 
24.70 
24.60 
24.47 
24.71 
24.63 
24.51 
24.70 
24.81 
24.96 
24.89 
24.89 
24.80 

20 

27 
35 
13 
0 
0 
3 
3 

16 
1 

14 
4 

29 
195 

2 
0 
5 
2 

27 
29 
21 
0 
0 
0 
0 

0 
1 
3 
7 
0 
0 
8 
2 
3 
0 
5 
3 
9 

500 
227 
138 
138 

0 
3 
3 

32 
3 

20 
27 
53 
28 
2 
0 
5 
4 
8 
2 
7 
0 
0 
0 
6 

4 
5 

27 
20 
3 
9 
4 
7 

49 
5 

11 
6 
0 

527 
262 
151 
138 

0 
6 
6 

48 
4 

34 
31 
82 

223 
4 
0 

10 
6 

35 
31 
28 
0 
0 
0 
6 

4 
6 

30 
27 
3 
9 

12 
9 

52 
5 

16 
9 
9 



Table 7 (cont). 

Cruise Location Station 
TC-8505 W2N1 7 
TC-8505 W5D1 1 
TC-8505 W5N1 2 
TC-8505 W15D1 10 
TC-8505 W15N1 14 

TC-8602 
TC-8602 
TC-8602 
TC-8602 
TC-8602 
TC-8602 
TC-8602 
TC-8602 
TC-8602 
TC-8602 
TC-8602 
TC-8602 
TC-8602 
TC-8602 
TC-8602 
TC-8602 
TC-8602 
TC-8602 

TC-8604 
TC-8604 
TC-8604 
TC-8604 
TC-8604 
TC-8604 
TC-8604 
TC-8604 
TC-8604 
TC-8604 
TC-8604 
TC-8604 

LlDl 
L1D2 
LlNl 
L1N2 
L5Dl 
L5D2 
L5N1 
L5N2 

Ll5Dl 
L15D2 
L15N1 
L15N2 
W2D1 
W2D2 
W5Dl 
W5D2 

W15D1 
W 15D2 

LlDl 
L1D2 
L5D1 
L5D2 

L15Dl 
L15D2 
W2D1 
W2D2 
W5D1 
W5D2 

W15D1 
W 15D2 

6 
7 
9 

10 
1 
5 
3 
4 

12 
18 
20 
21 
38 
39 
31 
32 
45 
46 

6 
7 
4 
5 

12 
13 
32 
33 
30 
31 
39 
41 

Maximum #/lo00 m-3 
Date Temperature Females Males XAdults 
12/13/85 24.59 0 0 0 
12/12/85 24.74 0 0 0 
12/12/85 24.46 0 0 0 
12/14/85 24.42 0 0 0 
12/14/85 24.39 0 0 0 

4/9/86 
4/9/86 
4/9/86 
4/9/86 
4/8/86 
4/9/86 
4/8/86 
4/9/86 

4/10/86 
411 1/86 
411 1/86 
411 1/86 
4/15/86 
4/15/86 
4/14/86 
4/14/86 
4/16/86 
4/16/86 

6/25/86 
6/25/86 
6/25/86 
6/25/86 
6/26/86 
6/26/86 
6/29/86 
6/29/86 
6/29/86 
6/29/86 
6/30/86 
6/30/86 

24.16 
24.17 
24.08 
24.09 
24.26 
24.13 
24.24 
24.10 
24.16 
24.18 
24.10 
23.99 
23.34 
23.31 
23.34 
23.32 
23.21 
n.a. 

26.07 
25.91 
25.84 
26.05 
26.4 1 
27.32 
25.57 
25.53 
25.39 
25.5 1 
25.33 
25.52 

186 29 
541 23 1 

10 354 
13 170 
4 6 
0 3 

30 87 
37 421 
0 0 
0 1 
0 0 
4 14 

11 25 
6 6 
5 31 

13 42 
0 0 
0 0 

33 
41 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3 
31 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 

215 
772 
364 
183 
10 
3 

117 
458 

0 
1 
0 

18 
36 
12 
36 
55 
0 
0 

36 
72 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
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