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ABSTRACT

Four bays and the continental shelf on the eastern side of the
Kodiak Island Archipelago were surveyed to establish baseline informa-
tion on the early life histories of nearshore decapods. Five offshore
and twelve inshore cruises were conducted from fall 1977 through winter
1979. Distribution and abundance data were collected to determine the
areas where decapod larvae were most abundant, the depths they were
found, and the time of year they were present. Ten different taxonomic
groups, including 5 commercial species, were tested for significant
differences in times of occurrence, distribution, and abundance through
a series of analyses of variance on bongo net data. Regionally, crab
and shrimp larvae were 2-3 times more abundant inshore than offshore.
Vertical distribution studies showed that the 10-50 m strata contained a
majority of the larvae encountered. Times of peak abundance varied

through spring and summer depending upon the taxonomic group.
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INTRODUCTION

Surveys of ichthyoplankton and decapod crustacea larvae in con-
tinental shelf regions of the western Gulf of Alaska were conducted
October 1977 through March 1979 by the NMFS, Northwest and Alaska
Fisheries Center and the University of Washington, Fisheries Research
Institute. The purpose was to establish baseline data on the early life
histories of nearshore fish and shellfish around Kodiak Island. The
Bureau of Land Management (now Minerals Management Service) through
OCSEAP funded the work and the information from these surveys was
incorporated into the data base used to evaluate impacts from offshore
oil and gas development.

The distribution and abundance of finfish eggs and larvae in the
inshore region of the Kodiak Island shelf were described by Rogers et
al. (1979) and similar information for the offshore region was presented
by Kendall et al. (1980). The latter authors also included a con-
solidated inshore-offshore summary of information on larvae of selected
species of shrimp and crab. Limitations to the data base used for the
decapod larvae portion of the report restricted its scope and precluded
substantive conclusions relating to Reptantia and Natantia larvae.

The following revised analysis of decapod larvae information
originally presented by Kendall et al. (1980) also incorporates new data
not available for the previous report.

BACKGROUND  INFORMATION

Description of the Study Area

The study area is generally bounded by latitudes 55°-53°N and
longitudes 149°-155°W and covers approximately 75,000 km2. This area
encompasses the continental shelf east of Kodiak and Afognak islands
from the headwaters of several bays seaward to the 2,000-m contour
(Fig. 1). Locations sampled extend southwest from Portlock Bank to the
Trinity Islands and include observations in Izhut, Chiniak, Kiliuda, and
Kaiugnak bays.

Shallow banks separated by troughs running to the continental shelf
edge generally characterize the bathymetry east of Kodiak and Afognak
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Figure 1. --Kodiak Island study area showing general bathymetry and
principal bays and inlets.
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islands. Four major troughs--Amatuli, Stevenson, Chiniak, and Kiliuda
(Fig. 1) --traverse the rather wide shelf, which ranges from about 69 km
to 110 km in width. These troughs (except for Amatuli, the northern-
most) are offshore extensions of deepwater trenches out of bays in the
study area and have a depth range of about 110-140 m. Four banks
separate the troughs and have depth ranges of about 49-91 m; these are
Portlock Bank and North, Middle, and South Albatross banks. INngeneral,
substrate composition changes rapidly within short distances on the
rugged, uneven bottom and ranges from soft mud and sand to hard rock.

All four bays investigated during the study can be considered open
systems with no sills or land masses to restrict interchange between the
bay and ocean water masses.

Hydrography and Climate of the Study Area

The shelf area under investigation lies primarily between two
surface current regimes: the Kenai current, which flows through Shelikof
Strait on the west side of the study area (Schumacher and Reed 1979);
and the Alaska Stream on the east {Ingraham 1979). Several authorities
(Favorite and Ingraham 1977; Royer 1977; Schumacher et al. 1978; and
others) indicate the continental shelf region around Kodiak Island is
characterized by weak eddies and variable flow. On the shelf it is
difficult to determine any basic order to flow other than that related
to local winds and bathymetry (Kendall et al. 1980). If there is a
general southwestward movement, it is perhaps only along the shelf edge.

Mean monthly sea surface temperatures in offshore areas range
between 0.5°C and 12°C with frequent anomalies of 3°C for individual
months (Ingraham 1976). Surface water temperatures in the inshore areas
appear somewhat warmer than offshore, ranging from 0.5° to 14°C. Depths
greater than 100 m generally have temperatures warmer than 5°C; however,
during anomalously cold years temperatures may be as low as 1.5°C.
Inshore temperatures at depths greater than 100 m apparently range
between 1° and 7°C (ADF&G temperature data).

Surface salinity indicates inshore dilution as well as an extensive
continuity of mid-shelf maxima. Shelf edge surface salinity minima are
traceable to discharges from the Copper River in the eastern Gulf of
Alaska outside Prince William Sound (Ingraham 1979). Winter overturn in
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the offshore water column extends to depths of 75-100 m and therefore
includes most of the study’s bank areas (Kendall et al. 1980).

Marine influences dominate the climate of Kodiak Island’s coastal
regions. The range in air temperatures between annual maxima and minima
is small throughout the region with the greatest range being 8.2°C on
the western coast (Buck et al. 1975). Maximum summer average tempera-
tures are usually less than 16°C with winter average minima about -6°C.
Average temperature differences between air and water are usually
greatest during fall and winter. Then the air is as much as 7°C colder
than the water. Long-term average air temperature (1940-1970) for the
northeast coast of Kodiak Island is 4.8°C (Buck et al. 1975).

Storm movements through the western Gulf of Alaska determine the
pressure patterns that establish wind flow in the study area. Strongest
winds in offshore areas come primarily from the northwest and second-
arily from the east through southeast (Buck et al. 1975). Inshore
surface winds are somewhat similar; high velocity winds come most
frequently from the northwest (Fig. 2).

MATERIALS AND METHODS
Survey Designs

The data for this report were gathered in two discrete sets of
surveys. Five offshore cruises were conducted by the Northwest and
Alaska Fisheries Center and twelve inshore cruises were performed by the
Fisheries Research Institute of the University of Washington.

An offshore cruise was conducted during each season from fall 1977
to winter 1979 (Table 1). The sampling pattern was modified from a
stratified design (Fig. 3) after completion of the first two cruises to
a systematic centric design {Milne 1959) (Fig. 4). These patterns
contained up to 88 stations and extended from the inshore region out to
the continental slope. [Inclement weather or operational difficulties
occasionally caused deletion of stations from planned sampling. Of the
five offshore cruises conducted during the study (Table 1), the first
was not used in the analysis as it produced very little information.
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Arrows indicate the average wind velocity. Arrow tails indicate the percent frequency of
occurrence of wind direction.

Figure 2. --Long-term (1945-77) average wind velocity and percent
frequency of occurrence of wind direction in Kodiak Island
study area (adapted from Buck et al. 1975).

The series of 12 cruises in the inshore region of the study area
were conducted in Izhut Bay on the south coast of Afognak Island,
Chiniak Bay on the east coast of Kodiak Island, and Kiliuda and Kaiugnak
bays on the southeast coast of Kodiak Island (Figs. 5 and 6). Sampling
locations were initially limited to 5 stations within and closely
adjacent to each of the four bays. Three additional stations (stations
6, 7, and 8) were added to the inner portions of Izhut and Kiliuda bays
in May to increase sampling density in the inner portion of these bays.
Consequently, 26 stations were sampled duringeach inshore cruise for
the duration of the study (Figs. 5 and 6). Ten of these cruises were
conducted in an almost continuous series on a biweekly basis from early
spring through midsummer (Table 2). The remaining two surveys were
conducted in November 1978 and early March 1979.
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Table 1.—Cruises and cruise dates for the 1977-1979 OCSEAP offshore plankton surveys.

Cruise Season Date

4M FT77 Fall 31 October-14 November 1977
4DI78 Spring 28 March-20 April 1978
2MF78 Summer 19 June-9 July 1978

1WE78 Fall 25 October-17 November 1978
1 MF79 Winter 13 February-n March 1979

Table 2.—Cruises and cruise dates for the 1978-1979 OCSEAP inshore plankton surveys.

Cruise Season Date

| Spring 29 March-8 April 1978

i Spring 10 April-17 April 1978

1l Spring 21 April-1 May 1978

v Spring 3 May-28 May 1978

\ Spring 31 May-6 June 1978

Vi Summer 14 June-26 June 1978

VIi Summer 28 June-18 July 1978

Vil Summer 21 July-29 July 1978

Ix Summer 1 August-9 August 1978
X Summer 15 August-21 August 1978
xI Fall 4 November-13 November 1978
Xl Winter 4 March-16 March 1979
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Figure 5. --Inshore station locations in Izhut and Chiniak bays (note
added stations in Izhut Bay).
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Field Gear and Station Procedures

Samples analyzed in this report were obtained from three types of
gear:

1) an aluminum MARMAPbongo sampler, 0.6 m inside diameter, with
0.505- and 0.333-mm-mesh nets for collecting larvae from surface
to near bottom;

2) a Sameoto neuston sampler (Sameoto and Jaroszynski 1969) with a
mouth opening of 0.3 m by 0.5 m and a 0.505-mm-mesh net for
collecting larvae at the air-sea interface; and

3) a 1.0-m-square mechanical opening-closing Tucker trawl (Clark
1969) with three 0.505-mm-mesh nets for sampling discrete
depths.

Field sampling genera”lly followed standard MARMAP procedures (Smith and
Richardson 1972).

A double oblique bongo tow was performed at every station during
all cruises. The bongo nets were lowered at a rate of 50 m of wire per
minute and retrieved at a rate of 20 m per minute, sampling from surface
to within 5-10 m of the bottom, normally to a maximum depth of about
200 m. During lowering and retrieval, the ship’s speed (approximately
2.0 knots, or 1.03 m/see) was adjusted to maintain a 45° wire angle.
Actual sampling depths varied, depending on wire angles.

The air-sea interface was sampled with the Sameoto neuston sampler
for5 minutes at a speed of about 2.0 knots (1.03 m/see). This was done
in conjunction with Tucker trawling at discrete depth sampling stations.

Discrete depth sampling via Tucker trawls was performed during both
inshore and offshore surveys; however, sampling procedures varied
substantially between surveys (Kendall et al. 1980, pages 8 and 28).

The Tucker trawl and Sameoto samples from the inshore survey were used
for analysis of vertical distribution and diel movement. This discrete
depth sampling was conducted during day and night of each cruise at a
station in both Izhut and Ki”liuda bays (Fig. 4). The surface and five
depth intervals (5-20, 20-40, 40-60, 60-80, 80-100 m) were sampled
during each diel series. The Tucker trawl was lowered to the desired
depth, tripped open with a messenger and towed for 5 or 10 minutes.
After the prescribed time, the net was closed with another messenger and
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retrieved. The desired depth interval was maintained by varying vessel
speed with respect to wire angle.
Gear and procedures described in this section pertain only to those

data sets which were addressed in this report.

Sample processing

Plankton samples were preserved in the field in a 5% Formalin-
seawater mixture buffered with sodium tetraborate. These preserved
samples were shipped to a sorting contractor (Texas Instruments, |Nnc.,
Dallas, Texas) for initial processing. The contractor determined the
settled volume (Kramer et al. 1972) and removed all fish eggs and fish
larvae (i.e., samples were not split).

An aliquot of approximately 500 organisms was then split from the
remaining portion of the bulk samples of the 0.333-mm bongo net and
Tucker trawl hauls. All organisms in these aliquots were sorted into
major categories (e.g., phylum, class, or order). The resulting
Natantia and Reptantia larvae were sent to NWAFC Kodiak Facility where
they were identified to the most precise taxonomic category and life
stage possible, and enumerated. Literature references used to identify
the decapod larvae are presented in Appendix B.

Further processing of selected series of bulk plankton samples was
done (1) to evaluate the adequacy of the original 500-organism aliquots
for indicating numbers of shrimp and crab zoeae present in the bulk
samples (see Appendix A); and (2) to determine the larval decapod
species composition in the inshore region’s neuston samples. The
original sorting contract had excluded neuston samples. The University
of Washington, College of Fisheries and Oceanography did this work under
contract, sorting from 35-85% (by volume) of the total plankton samples,
depending on sample type (see Appendix A).

Data Analysis

Numbers of shrimp and crab larvae in each life history stage for
each taxon in the aliquots were recorded. These numbers were converted

to biomass or density indicies as follows.
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Bongo:
biomass = n x d x 10/(s x (aper)z x n x 1)

Sameoto and Tucker:
density = n x 1000/(s x h xwx 1)

Where:
biomass = number of organisms/10 m2
density = number of organisms/1000 m2
n = number of organisms in subsample
s = subsample fraction of bulk sample
aper = radius of net opening in meters (0.3 for bongo)
h = effective fishing height of net opening in meters (0.15 for
Sameoto, 1.0 for Tucker)

w = width of net opening in meters (0.5 for sameoto, 1.0 for
Tucker)

I =length of tow in meters (computed from flowmeter readings)

d = depth of water sampled

Biomass data for each taxon from the bongo catches were used to
determine geographic distributions for comparisons of different areas
and seasons. Density data from the neuston and Tucker catches were used
to investigate the depth distribution of organisms as a function of time
of day.

A comparative analysis of distribution, abundance, and time of
occurrence was performed for each decapod species (or species group) of
ecologic or economic importance. For these analyses, each sampled bay
in the study’s inshore region was defined as a separate inshore subarea
while the offshore region was separated into the subareas shown in
Figure 7. They are described as follows:

Portlock subarea -- continental shelf regions offshore Marmot Bay
encompassed by the points 57048”, 1510557; 580137, 151055”; 58045~,
150032”; 57053”, 148058”; 57021”, 150009”; and including Portlock Bank,
Stevenson Trough, and North Albatross Bank.

Marmot subarea -- continental shelf regions offshore Chiniak and
Ugak bays encompassed by 57048”, 1510557; 57013”, 149038”; 56027~,
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distribution and abundance.

492




151020"; 57013', 152028': 57035', 151055'; and including Chiniak Trough
and Middle Albatross Bank.

Albatross subarea -- continental shelf regions offshore Kiliuda and
Kaiugnak bays encompassed by 57013”, 1520287; 56027”, 1510207; 55057~,
152041”; 560467, 1530077; and including Kiliuda Trough and the eastern
arm of South Albatross Bank.

Sitkinak subarea -- continental shelf regions south of any inshore
sampling area encompassed by 56046”, 153007”; 55057”; 1520417; 550397,
1530557; 560297, 1550207; 56046°, 154030”; including South Albatross
Bank and stations near the Trinity Islands.

The significance of differences in time of occurrence, distribu-
tion, and/or abundance of each taxon of interest was determined through
a series of analyses of variance on the bongo net information. For each
taxon, data for each cruise within a subarea were pooled. This was done
because data from the contract-sorted bongo net aliquots were adequate
to represent amounts present only in data sets where observations by
larval stage and station were combined (see Appendix A). Additionally,
since depths fished and volumes of water filtered at the stations
differed between cruises, it wasnecessary to standardize the subarea
summaries. A standardized biomass per subarea was determined from the

relationship:

t t
. Znis @ iongijrasm 10
B .y -
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where:

i = station 1,2, . . .,t;

= cruise 1,2,...,C}

x &
1

subarea 1,2,3,4;
l = region 1,2;
n = the number of organisms of a taxon found in the aliquot at station

1 cruise “j”, in subarea “k”, of region “1”;

s = the subsample fraction of bulk sample associated with station “i”;

V =volume of water filtered at station “i”’;

d = depth fished at station “i”;

T = the total number of stations sampled during cruise “j”, in subarea
“k”, of region “I”; and

B = the standard biomass of a taxon during cruise “j” in subarea “k”, of

region “1”.

The ANOVA tests were performed on natural log transformations of these
biomass data (ln(ﬁijk]+h Three main effects were considered:
time (i.e. cruise), subarea, and region. Three separate factorial
analyses of variance were performed for each taxon:
12 (inshore cruises) x 4 (inshore bays);
4 (offshore cruises) x 4 (offshore subareas); and
2 (regions) x 4 (cruise or seasons) x 4 (subareas).
The three separate tests were performed because of substantial differ-
ences in seasonal coverage for the inshore and offshore regions. The 10
surveys conducted inshore during spring and summer represented a level
of detail for describing timing of inshore occurrence and abundance that
was not possible when these surveys were combined by season for the 2 X
4 x 4 factorial analysis. This latter ANOVA was performed to identify
possible regional significance in larval abundance or interactions
between regions, seasons, and/or subareas.
The significance of main effects and interactions was tested at the
a = 0.05 level. | f amain effect was determined significant, a
Scheffee’s procedure (Steel and Torrie 1960) was used to identify

significant subsets of data.
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RESULTS

OCSEAP plankton surveys of the Kodiak Island shelf found approx-
imately 19 different taxa of Natantia and Reptantia larvae (Table 3).
These taxa included several species of current economic importance and
other non-commercial taxa. Some of these latter taxa were substantially
more prevalent in samples than the species of economic importance (Fig.
8) . Consequently, they were included in the taxa analyzed in this
report. The taxa studied were:

Hippolytid shrimps (Hippolytidae)

Sand shrimps (Crangonidae)

Northern or pink shrimp (Pandalusborealis)

Humpy shrimp (P.goniurus)

Anomuran crabs (Anomura)

Red king crab (Paralithodescamtschatica)

Dungeness crab (Cancer magister)

Cancer crab (Cancer sp.)

Tanner or snow crab (Chionoecetes bairdi)

Pea crabs (Pinnotheridae)
A summary of information follows for each decapod taxon of interest

in the Kodiak Island study area. The limitations of the data base are

analyzed and discussed in detail in Appendix A.
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Table 3. -Decapod crustacea larvae found during
OCSEAP 1inshore and offshore plankton cruises.

Taxonomic Classification

Species or Groups Encountered

Suborder Natantia
Family Hippolytidae
Family Crangonidae

Family Pandalidae

Family Pasiphaeidae

Suborder Reptantia
Section Anomura

Family Lithodidae

Section Brachyura
Family Atelecyclidae

Family Cancridae

Family Majidae

Family Pinnotheridae

unspecified hippolytid shrimp
unspecified crangonid shrimp
Pandalopsis dispar

Pandalus borealis

P. goniurus

P. hypsinotus

P. montagui tridens

P. platyceros

P. stenolepis

Pasiphaea sp.

unspecified anomuran crabs

Paralithodes camtschatica

Telemessus cheiragonus

Cancer magister
Cancer sp.

Chionoecetes bairdi
Hyas sp.
Oregonia sp.

unspecified pinnotherid crabs
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Results for Selected Taxa
Hippolytidae (hippolytid shrimps)

The hippolytid shrimp group comprises several species each with its
own, often different, reproductive strategy. Because analysis could not
be performed at the species level, the following reflects only gross
aspects of larval distribution and abundance for this important and
diverse group.

Larvae of hippolytid shrimp were found in the water column during
all times of the year (Fig. 9) and in all areas sampled (Fig. 10).

First stage zoeae were present from late winter through summer.

During the day most hippolytid zoeae were found in the upper and
mid-portions of the water column (5-60 m) (Fig. 11),while at night
their vertical distribution appeared even shallower. Highest night-time
concentrations were at the surface in both bays sampled, and were
greatest in Kiliuda Bay where neuston samples took over 90% of all
zoeae.

Regions and seasons were identified in analysis of variance tests
as having substantial effects on the distribution and abundance of
hippolytid zoeae (Table 4). The abundance of this larval group was
significantly greater in the inshore region and during spring and
summer; however, a region X season interaction also was identified
(Table 4). Estimated abundances of larvae per unit area were nearly
identical in both regions during fall (Tables 5 and 6). During all
other seasons, amounts in the inshore region were notably greater than
amounts offshore (Fig. 10).

Separate tests of the inshore data determined that hippolytid
larvae abundance in bays was significantly greater during June-August
(Cruises VII-X) than during all other times surveyed. A significant bay
effect was also identified, but no individual bay could be determined to

have accounted for this significance.
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Figqure 9. --Occurrence of larval staages of Hippolytidae by cruise and

season
all gear types.

from the OCSEAP inshoreplanktoncruises.

Data from

Table 4.—Summary of information derived from analysis of variance testsof
bongo net data (In(numbers per 10m*+ 1)) for hippolytid shrimp larvae.

Source of Degrees of Sum of Value
Test Variability Freedom Squares of F
Inshore and Total 63 467.80 -
offshore Main effects
combined Region (R) 1 114.96 50.79" *
Subarea (A) 3 19.24 2.84
Season (S) 3 101.59 14.97**
Interactions
RXA 3 0.86 0.13
RXS 3 31.87 470" *
AXS 9 9.35 0.46
RXAXS 9 11.60 0.57
Residual 32 72.36 —
Inshore Total 47 236.06 —
Main effects
Bays 3 20.02 3.94%
Cruise 11 160.13 8.59* *
Residual 33 55.91 -
Offshore Total 15 51.50 -
Main effects
Subarea 3 2.12 1.91
Cruise 3 46.06 41.51**
Residual 9 3.33 —
* Denotes significance at = .05
** Denotes significance at = .01
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Figure 11 .--Percentage of total Hippolytidae encountered during inshore
OCSEAP plankton cruises by diel period and depth interval
for Izhut and Kiliuda bays. Tucker trawl data.
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Table 5.—Standardized biomass (In (numbers per 10 m’+ 1)) of hippolytid shrimp larvae by season,

cruise, and subarea in the inshore region of the Kodiak Island study area, March 1978-March 1979. (Bongo net data.)

Season

Mean Biomass

Spring Summer Fall Winter All Cruises
Cruise I 1 Iv v Vi Vi VIl Ix X Xl Xl
Subarea
Izhut Bay 3.95 11.06 6.21 5.42 5.38 485 6.44 6.34 6.76  5.97 0 0.88 5.27
Chiniak Bay 2.97 5.52 6.16 548 540 5727 6.02 692 7.31 5.45 0 1.98 4.87
Kiliuda Bay 491 5.41 5.20 4.30 453 5.69 6.28 6.55 640 6.17 2.08 1.74 4.94
Kaiugnak Bay 3.82 2.64 537 3.87 3.05 0 5.64 5.52 523 6.03 1.39 0.38 3.58
Mean Biomass
Bays Combined 3.91 6.16 5.73 477 459  3.95 6.09 6.33 642 5.90 0.87 1.24 4.66




Table 6.—Standardized biomass (In (numbers per 10 m’ + 1)) of hippolytid shrimp larvae
by season, cruise, and subarea in the offshore region of the Kodiak Island study area, March
1978-March 1979. (Bongo net data.)

Mean Biomass

Season Spring Summer Fall Winter All Cruises

Cruise | Il 1l Iv

Subarea
Portlock 321 4.49 1.68 1.67 2.76
Marmot 3.75 4.79 0.51 0 2.26
Albatross 3.73 3.33 0 0 1.76
Sitkinak 3.89 4.70 1.28 0 2.47

Mean Biomass
Subareas Combined 3.64 4.33 0.87 0.42 2.31

Crangonidae (sand shrimps)

Crangonid shrimp larvae were found in the water col umn at al 1 times
of the year sampled (Fig. 12) . Similar to Hippolytidae, first stage
zoeae ofF this group were present in samples throughout the time periods
sampled, except for fall.

During daylight, most larvae of this species group were encountered
in mid and upper portions of the water column (Fig. 13), but at night, a
trend in vertical distribution was not apparent. Previous analysis of
only the Tucker trawl data suggested these larvae were concentrated in
40-100 m during the night (Kendall et al. 1980). Inclusion of the
neuston samples in the vertical distribution data indicates that about
40% of all larvae were encountered at or near the surface (Fig. 13).
Relatively substantial numbers were also found at 20-60 m inKiliuda Bay
and at depths below 60 m in Izhut Bay’.

Analyses of variance of the bongo net samples indicated that
crangonid larvae were notably more abundant in summer than during other
seasons. There was no significant difference in abundance by region
(Table 7). Various bays seemed to contain significantly greater numbers
of crangonid shrimp zoeae than others, but the importance of a bay
changed with time (Table 8 and Fig. 14). This apparent bay x cruise
interaction masked the importance of abundance within a bay during
multiple comparison tests.
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A separate analysis of the offshore region data also failed to
identify significant abundance differences between subareas, even though

catches varied noticeably.

For example, all samples obtained in the

Sitkinak subarea contained no crangonid zoeae while samples from all
other offshore subareas contained measurable amounts, at least during

summer (Table 9).

The multi-species composition of the crangonid larvae group was a
source of variation which could not be addressed in our sample analyses.

Season: Spring Summer

Iv v | Vvt v

Cruise: | Il 11l

Larval Stage
Oh W -

[o2]

Juvenile

Ix

X

Fall Late
Winter
x| xu

Fiqure 12---Occurrence of larval stages of Crangonidae by cruise and

season from the OCSEAP inshore plankton cruises.

all gear types.
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Figure 13---Percentage of total Crangonidae encountered during inshore
OCSEAP plankton cruises by diel period and depth interval
for Izhut and Kiliuda bays. Tucker trawl data.
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Table 7.—Summary of information derived from analysis of variance tests of
bongo net data (In (numbers per 10 m” + 1)) for sand shrimp (Crangonidae) larvae.

Source of Degrees of Sum of Value
Test Variability Freedom Squares of F
Inshore and Total 63 212.182 —
offshore Main effects
combined Region (R) 1 0.722 0.32
Subarea (A) 3 15.467 2.28
Season (S) 3 66.963 9.88**
Interactions
RXA 3 12.882 1.90
RXS 3 1.811 0.27
AXS 9 15.185 0.75
RXAXS 9 14.536 0.71
Residual 32 72.291 -
Inshore Total 47 170.619 -
Main effects
Bays 3 26.821 3.55¢%
Cruise 11 60.788 2.20”
Residual 33 83.010 -
Offshore Total 15 31.709 -
Main effects
Subarea 3 4.685 1.95
Cruise 3 19.806 8.23* *
Residual 9 7.218 -

* Denotes significance at = .05
= .01

** Denotes significance at
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Table 8.—Standardized biomass (In (humbers per 10 m? + 1)) of sand shrimp (Crangonidae) larvae by season,
cruise, and subarea in the inshore region of the Kodiak Island study area, March 1978-March 1979. (Bongo net data.)

Mean Biomass

Season Spring Summer Fall Winter All Cruises

Cruise Il Il iv v VI Vil VI Ix X Xl Xl

Subarea
Izhut Bay 0 312 359 452 447 227 322 243 334 O 0 0 2.25
Chiniak Bay 0 0 0 0 0 339 369 O 0 453 0 0 0.97
Kiliuda Bay 159 394 O 260 301 454 492 371 474 421 0 0 2.77
Kaiugnak Bay 0 0 0 252 0 0 0 3.75 4.05 3.65 0 0 1.16

Mean Biomass
Bays Combined 0.40 1.76  0.90 2.41 187 255 296 247 3.03 3.10 0 0 1.79
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Island study area. Bongo net data.

508




Table 9.—Standardized biomass (In (humbers per 10 m’ + 1)) of sand shrimp (Crangonidae)
larvae by season, cruise, and subarea in the offshore region of the Kodiak Island study
area, March 1978-March 1979. (Bongo net data.)

Mean Biomass

Season Spring Summer Fall Winter All Cruises

Cruise | Il 1] v

Subarea
Portlock 1.22 3.80 0.43 0 1.36
Marmot 1.19 3.79 0 0.16 1.28
Albatross 0 0 0 0 0
Sitkinak 0 3.49 0 0 0.88

Mean Biomass

Subareas Combined 0,60 2.77 011 0.04 0.88

Pandalus borealis (pink shrimp)

Pandalus borealis zoeae were present in at least portions of the
study area during al 1 time periods sampled {Fig. 15) . Stage |zoeae
were found during late winter, spring, and early summer, suggesting
protracted larval release; however, peak abundance of Stage | larvae
occurred during mid-April (Cruise I1).

Information from the standard Tucker trawl aliquots,re-sorted
samples, and neuston tows indicated that daytime vertical distribution
differed between the two bays where these samples were taken. Highest
concentrations in Kiliuda Bay were found at 5-20 m, whereas zoeae found
in Izhut Bay were concentrated in deeper waters, at 60-80 m (Fig. 16).
At night most zoeae were found in the deeper strata sampled in both
bays, with highest concentrations at 60-80 m. Very few P. borealis
larvae were found in samples taken at the surface in both bays.

The detailed analyses of the daytime samples from Kiliuda Bay
further suggest a change in vertical distribution of P. borealis zoeae
with advancing stages of larval development. During Stages I-111,
vertical distribution appeared to be associated with mid or upper
portions of the water column,withonly Stage | zoeae found in surface
samples (Fig. 17). Notable amounts of P. borealis larvae started
occurring in the deepest depths sampled (80-100 m) as Stage |V, while
nearly all Stage VI and VI |  (juveniles) were found only in the deepest
waters sampled.
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Figure 15. --Occurrence of larval staades of Pandalusborealis by cruise
and season from the OCSEAP inshore plankton cruises. Data

from all gear types.

No bays or offshore subareas displayed consistent trends in
abundance for P.borealis larvae (Fig.18 and Tables 10 and 11).
Additionally, the ANOVA tests failed to identify any notable difference
in abundance between the inshore and offshore regions of the Kodiak
Island study area (Table 12).

Analysis of bongo data indicated P.borealiszoeae were signif-
icantly more abundant in spring than during other times surveyed
throughout the study area. Separate tests on the inshore data iden-
tified mid-April through May (Cruises IlI-IV) as the period when inshore
abundance was significantly higher than all other times sampled.

510




PERCENT OF TOTAL ENCOUNTERED

30 . 50 , 70 . 90 DENSITY

SURF. -

DAY

5-20

10 |
:
20-40- 0 —y
T |

40-60 =

60-80

80-100 =

SURF.

5-20 =

D=PTH INTERVAL (m)

20 —-40

40 -60

60-8 0 =fayad

80-100 4

3 1zHUT

© xiLiuoa

Figure 16. --Percentage of total Pandalus borealis encountered during
inshore OCSEAP plankton cruises by diel period and depth
interval for Izhutand Kiliuda bays. Tucker trawl data.
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Neuston sampler and Tucker trawl data.
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Table 10.—Standardized biomass (In (numbers per 10 m’+ 1)) of pink shrimp (Pandalus bores/is) larvae by season,
cruise, and subarea in the inshore region of the Kodiak Island study area, March 1978-March 1979. (Bongo net data.)

Mean Biomass

Season Spring Summer Fall Winter All Cruises

Cruise i 1} iv v VI Vil VIl Ix X Xl Xl

Subarea
Izhut Bay 1.12 3.00 461 210 2.94 0 0 1.71 0 0 0 0 1.29
Chiniak 0 627 515 342 O 0 3.80 0 0 0 0 0 1.55
Kiliuda 0 0 322 0 0.84 0 0 0 0 0 0 0 0,34
Kaiugnak 364 359 O 318 O 0 0 0 2.68 0 0 0 1.09

Mean Biomass

Bays Combined 119 321 324 217 094 0 0.95 043 0.67 0 0 0 1.07




Table Il.—Standardized biomass (In (numbers per 10 m? + 1)) of pink shrimp (Pandalus
bores/is) larvae by season, cruise, and subarea in the offshore region in the Kodiak Island
study area, March 1978-March 1979. (Bongo net data.)

Mean Biomass

Season Spring Summer Fall Winter All Cruises

Cruise \ 1 1l Iv

Subarea
Portlock 0 3.04 0 0 0.76
Marmot 0 1.25 0 0 0.31
Albatross 1.87 0 0 0 0.47
Sitkinak 0 0 0 0 0

Mean Biomass
Subareas Combined 0.47 1.07 0 0 0.385

Table 12.—Summary of information derived from analysis of variance tests of
bongo net data (In (numbers per 10 m? + 1)) for pink shrimp (Pandalus bores/is) larvae.

Source of Degrees of Sum of Value
Test Variability Freedom Squares of F
Inshore and Total 63 156.675 -
offshore Main effects
combined Region (R) 1 1.092 0.43
Subarea (A) 3 7.518 0.98
Season (S) 3 34.635 450" *
Interactions
RXA 3 2.589 0.34
RXS 3 9.848 1.28
AXS 9 2.324 0.10
RXAXS 9 11.183 0.48
Residual 32 82.080 -
Inshore Total 47 139.139 -
Main effects
Bays 3 9.795 1.62
Cruise 11 62.946 2.84**
Residual 33 66.397 -
Offshore Total 15 11.929 —
Main effects
Subarea 3 1.204 0.47
Cruise 3 3.104 1.22
Residual 9 7.622 -

* Denotes significance at = .05
* * Denotes significance at = .01
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Pandalus goniurus (bumpy shrimp)

The analysis presented by Kendall et al. (1980) did not address
this species due to its low incidence. Surveys found larvae of
P.goniurus in Kodiak Island waters only during spring and summer
(Fig. 19 and Table 13) and Stage | zoeae only during spring.

Data resulting from the “extensive re-sort" subsamples (see Appen-
dix A) were combined with the limited information previously available
but this combination failed to show any consistent pattern in vertical
distribution for P.goniurus zoeae. Larvae were found in only one
daytime sample from Izhut Bay and those found in Kiliuda Bay appeared
homogeneously distributed at al 1 depths (Fig. 20). During hours of
darkness or low light levels, zoeae in Izhut Bay were heavily con-
centrated in depths shallower than 40 m but a ubiquitous vertical
distribution was suggested in Kiliuda Bay. However, relatively few
larvae were present at the surface in both bays.

Vertical distribution by stage of zoeal development was examined in
the daytime Tucker samples from Kiliuda Bay. Nearly all P.goniurus
Stage | larvae were found at the shallowest depths sampled (Fig. 21).

No trends of depth preference were obvious for all other stages en-
countered. Stages |-V zoeae were present throughout the water column.

The analysis of variance tests on bongo samples for inshore, off-
shore, and combined regions failed to identify any significant region,
area, or time effect on the distribution or abundance of P.goniurus
zoeae (Table 14). Although these tests failed to identify statistically
significant differences, there was an obvious “solely inshore” distribu-
tion of these larvae during the study (Fig. 22). None were encountered

in any offshore subarea during any season.
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Fiqure 19. --Occurrence of larval stages of Pandalusgoniurus by cruise
and season from the OCSEAP inshore plankton cruises.

from all gear types.
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Table 13.—Standardized biomass (In (numbers per 10 m’ + 1)) of bumpy shrimp (Pandalus goniurus) by season,
cruise, and subarea in the inshore region of the Kodiak Island study area, March 1978-March 1979. (Bongo net data.)

Mean Biomass

Season Spring Summer Fall Winter All Cruises

Cruise 1 1l v Y, VI VH Vil Ix X Xl Xl

Subarea
Izhut 0 0 249 258 210 0 0 0 0 0 0 0 0.60
Chiniak 0 2.22 450 4.10 0 3.06 0 0 0 0 0 0 1.16
Kiliuda 291 0 2.57 0 160 2.28 438 0 0 0 0 0 1.14
Kaiugnak 0 0 0 174 0 0 0 0 0 0 0 0 0.14

Mean Biomass

Bays Combined 0.73 0.55 2.39 210 092 133 109 O 0 0 0] 0] 0.76
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Figure 20---Percentage of total Pandalusgoniurus encountered during
inshore OCSEAP plankton cruises by diel period and depth
interval for Izhut and Kiliuda bays. Tucker trawl data.
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Figure 21 .--Percentage of Pandalus goniurus encountered by life stage
and depth interval during inshore OCSEAP plankton cruises.
Neuston sampler and Tucker trawl data.

Table 14.—Summary of information derived from analysisof variance tests of
bongo net data(In (numbers per 10 m? + 1)) for humpy shrimp (Pandalus goniurus) larvae.

Source of Degreesof Sum of Value
Test Variability Freedom Squares of F
Inshore and Total 63 92.861 —
offshore Main effects
combined Region (R) 1 3.478 1.90
Subarea (A) 3 6.392 1.16
Season (S) 3 9.567 1.74
Interactions
RXA 3 1.065 0.19
RXS 3 3.305 0.60
AXS 9 4556 0.28
RXAXS 9 1.337 0.08
Residual 32 58.618 —
Inshore Total 47 85.905 —
Main effects
Bays 3 8.522 2.04
Cruise 1 31,486 2.06
Residual 33 45.897 —
Offshore Total 15 0 —
Main effects
Subarea 3 0
Cruise 3 0 0
Residual 9 0 —
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Island study area. Bongo net data.
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Anomura (anomurancrabs,except Paralit.bodes camtschatica)

Similar to the hippolytid and crangonid shrimps in this report, the
anomuran crab group is a multi-species assemblage. Larval forms of
anomuran crabs were found in most areas at alltimes of the year sampled
(Fig.23 and Tables 15 and 16).

Analysis of vertical distribution data indicated that during the
day most anomuran larvae concentrated at less than 40 m below the
surface. Night-time data showed more larvae werepresent in the deeper
intervals sampled than during the day. However, highest concentrations
occurred at the surface in both bays {Fig. 24).

The abundance of anomuran crab zoeae was significantly affected by
region and season (Table 17). The inshore region contained significant-
lymore of these larvae than offshore, and spring and summer were more
important than the other seasons. A region x season interaction was
encountered, implying that the abundance of anomuran zoeae in each
region changed seasonally.

When the inshore data were analyzed separately, both bay and cruise
(time) effects on abundance were identified (Table 17). Significantly
more anomuran larvae were present from early April through August
(Cruises II-X)} than during the remainder of the study period. Despite
an apparent bay effect, no bay could be identified in multiple com-
parison tests as being more important than any other. Allbays con-
tained relatively substantial amounts of these zoeae (Fig.25).

The separate analysis of the offshore data showed no significant
subarea effect. There was a cruise effect, with spring and summer
cruises encountering significantly greater numbers of larval anomurans

than amounts encountered during fall or winter.
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Figure 23. --Occurrence of larval stages of Anomura by cruise and season
from the OCSEAP inshore plankton cruises. Data from all

gear types.
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Table 15.—Standardized biomass (In (numbers per 10 m’+ 1)) of anomurancrab larvae by season,

cruise, and subarea in the inshore region of the Kodiak Island study area, March 1978-March 1979. (Bongo net data.)

Mean Biomass

Season Spring Summer Fall Winter All Cruises

Cruise I I il Iv v VI VI VIl Ix X Xl Xl

Subarea
izhut 5.56 5.96 714 638 571 439 585 440 564 3.95 3.76 0.40 4.93
Chiniak 401 420 579 381 4.10 5.33 576 457 549 522 283 0.69 4.32
Kiliuda 5.11 5.14 5.49 656 6.21 6.34 4.70 421 5.04 5.34 445 1.20 4,98
Kaiugnak 0 494 349 5.78 484 589 241 524 544 399 220 0.96 3 7

Mean Biomass

Bays Combined 3.67 5.06 548 5.63 521 5.49 4.68 460 540 462 331 0.81 4.50




Table 16.—Standardized biomass (In (numbers per 10 m’ + 1)) of anomuran crab larvae
by season, cruise, and subarea in the offshore region of the Kodiak Island study area, March

1978-March 1979. (Bongo net data.)

Mean Biomass

Season Spring Summer Fall Winter All Cruises
Cruise i I 1 v
Subarea
Portlock 3.96 5.35 0.04 1.16 2.62
Marmot 2.38 4.81 0 0.16 1.84
Albatross 3.69 4.10 0.26 0.21 2.06
Sitkinak 3.22 6.03 1.19 0 2.61
Mean Biomass
Subareas Combined 3.31 5.07 0.37 0.38 2.28
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Figure 24.--Percentage of total Anomura encountered during inshore
OCSEAP plankton cruises by diel period and depth interval

for Izhut and Kiliuda bays. Tucker trawl data.

525



Table 17.—Summary of information derived from analysis of variance tests of

bongo net data (In (numbers per 10 m? + 1)) for anomuran crab larvae.

Source of Degrees of Sum of Value
Test Variability Freedom Squares of F
inshore and Total 63 261.543 —
offshore Main effects
combined Region (R) 1 13.546 10.60” *
Subarea (A) 3 8.684 2.26
Season (S) 3 120.195 31.36**
Interactions
RXA 3 4.665 1.22
RXS 3 13.748 3.59*
AXS 9 10.532 0.92
RXAXS 9 3.638 0.32
Residual 32 40.886 —
Inshore Total 47 133.086 —
Main effects
Bays 3 11.876 3.37*
Cruise 11 82.461 6.38**
Residual 33 38.749 —
Offshore Total 15 69.621 —
Main effects
Subarea 3 1.886 1.70
Cruise 3 64.412 58.17**
Residual 9 3.322 —
* Denotes significance at = .05
** Denotes significance at = .01
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study area. Bongo net data.
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Paralithodes camtschatica (red king crab)

The zoeae of P. camtschatica were present in the study area from
late winter (inshore only) through spring and early summer (Fig. 26 and
Tables 18 and 19) with Stage I larvae occurring March through May.

During the day, most larvae were found in the stratum 5-20 m below
the surface in Kiliuda Bay and in the upper 60 m of the water column in
Izhut Bay (Fig. 27). Relatively small numbers remained at or near the
surface at night, and most zoeae appeared to move into deeper strata in
both bays. P. camtschatica zoeae were concentrated in upper portions of
the water column during daylight hours.

Detailed examination of the Kiliuda Bay daytime Tucker trawl
samples indicates larval stages of P.camischatica remain concentrated
at very shallow depths until development into megalopae (Fig. 28).
Stages I and 11 zoeae appeared somewhat dispersed throughout the upper
60 m, but very low amounts of these larvae in the samples place ques-
tionable value on this observation. Highest concentrations of megalopae
were still encountered in shallow depth intervals and this stage was the
only one found in measurable amounts at depths greater than 80 m.

There was no notable difference in abundance of P.camtschatica
larvae by region or subarea during our study of the Kodiak Island shelf.
Analysis of variance tests of the bongo data indicated that abundance
differed significantly by season (Table 20); however, multiple com-
parison tests failed to identify which season was the most important.
Inability to attach significance to seasonal abundance differences
probably resulted from only small amounts of larvae being encountered in
any area or time period (Tables 18 and 19). Although the statistical
tests failed to substantiate seasonal abundance trends, P.camtschatica
larvae were encountered primarily in late winter and spring. Zoeae were
found sporadically in all inshore bays, but only in 2 of the 4 offshore
subareas and in the offshore region only during spring and summer
(Fig. 29) .

528



Season: Spring

Cruise;: I Il I Iv v VI

Larval Stage
A OWN =

E—
glaucothoe

Vii

Summer

VIl

Ix

X

Fall

x|

Late
Winter

Xl

Figure 26. --Occurrence of larval stages of Paraglithodes camtschatica by
cruise and season from the OCSEAP inshore plankton cruises.

Data from all gear types.
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Table 18.—Standardized biomass (In (numbers per 10 m*+ 1)) of red king crab (Paralithodes camtschatica) larvae by season,
cruise, and subarea in the inshore region of the Kodiak Island study area, March 1978-March 1979. (Bongo net data.)

Mean Biomass

Season Spring Summer Fall Winter All Cruises

Cruise Il 1] Iv v VI Vil Vil Ix x| X

Subarea
Izhut 0 2.00 0 0 1.63 0 0 0 “ 0 0.15 0.31
Chiniak 3.51 0 0 3.42 0 0 0 0 0 3.04 0.83
Kiliuda 2.08 3.11 290 1.44 0 0 0 0 0 0.79
Kaiugnak 0 2.70 0 0 0 0 0 0 0 0.80 0.29

Mean Biomass

Bays Combined 0.88 1.02 0.70 158 0.77 0 0 0 0 1.00 0.55




Table 19.—Standardized biomass (In (numbers per 10 m*+ 1)) of red king crab (Paralithodes
camtschatica) larvae by season, cruise, and subarea in the offshore region of the Kodiak
Island study area, March 1978-March 1979. (Bongo net data.)

Mean Biomass

Season Spring Summer Fall Winter All Cruises

Cruise | ] I v

Subarea
Portlock 0.50 0 0 0 0.12
Marmot 0 0 0 0 0
Albatross 0 0 0 0 0
Sitkinak 0 0.65 0 0 0.16

Mean Biomass
Subareas Combined 0.12 0.16 0 0 0.07
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Figure 27.--Percentage of total Paralithodes camtschatica encountered
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Figure 28. --Percentage of Paralithodescamtschatica encountered by life
stage and depth interval during inshore OCSEAP plankton
cruises. Neuston sampler-and Tucker trawl data.

Table 20.—Summary of information derived from analysisof variance testsof bongo net
data (In(numbersperl0Om?’+ 1)) for red king crab (Paralithodes camtschatica) larvae.

Source of Degreesof Sum of Value
Test Variability Freedom Squares of F
Inshore and Total 63 60.793 —
offshore Main effects
combined Region(R) 1 2.186 2.29
Subarea(A) 3 1.921 0.67
Season(S) 3 11.780 4.11*
Interactions
RXA 3 1.503 0.52
RXS 3 3.304 1.15
AXS 9 5.901 0.69
RXAXS 9 3.213 0.37
Residual 32 30.556 -
Inshore Total 47 57.371 —
Main effects
Bays 3 3.124 0.92
Cruise 11 17.042 1.37
Residual 33 37.205 -
Offshore Total 15 0.590 -
Main effects
Subarea 3 0.085 0.61
Cruise 3 0.085 0.61
Residual 9 0.419 —

* Denotes significance at = .05
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Cancer magister (Dungeness crab)

Larvae of C. magister were present in the water column in late
winter, spring, and summer in the inshore region (Fig. 30 and Table 21),
but only during summer offshore (Table 22). Stage | zoeae were present
inshore throughout most of the study period; however, a time of peak
release could not be discerned from our data.

Information from the diel vertical distribution data indicated most
C. magister zoeae were present from the surface to depths of 60 m during
the day (Fig. 31). At night they were encountered throughout the water
column but in highest concentrations from the surface down to 20-40 m.

A high percentage of C. magister zoeae were present at 80-100 m in Izhut
Bay, but it should be noted that amounts found in samples from this bay
were very low relative to concentrations encountered inKiliuda Bay.

Analysis of variance tests of bongo net samples indicated no
significant difference in the abundance of C. magister larvae between
inshore and offshore regions of the study area (Table 23). Separate
tests by region also failed to identify notable differences in offshore
distribution or abundance by subarea or season but significant differen-
ces were apparent inshore. Multiple comparison tests determined that
the abundance of (.magister zoeae in Kiliuda Bay (Fig. 32) was sig-
nificantly higher than in any other bay during the study. An inshore
cruise effect was also indicated; however, the greater importance of any

single cruise or group of cruises was not discerned.
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season from the OCSEAP inshore plankton cruises.

all gear types.

536

Data

from




LgS

Table 21.—Standardized biomass (In (numbers per 10 m’ + 1)) of Dungeness crab (Cancer magister) larvae by season,
cruise, and subarea in the inshore region of the Kodiak Island study area, March 1978-March 1979. (Bongo net data.)

Mean Biomass

Season Spring Summer Fall Winter All Cruises

Cruise I 1 Iv v VI Vil VI Ix X Xl Xl

Subarea
Izhut 0 0 0 235 0 124 332 O 0 0 0 0 0.56
Chiniak 0 0 0 0 0 3906 O 0 0 0 0 0 0.33
Kiliuda 0 426 0 3.78 475 4.02 393 404 284 0 0 0 2.30
Kaiugnak 0 0 2.33 192 274 464 O 3.05 0 0 0 0.21 1.24

Mean Biomass

Bays Combined 0 1.06 058 201 187  3.46 1.81 1.77 0.71 0 0 0.05 1.11




Table 22.—Standardized biomass (In (numbers per 10 m’ + 1)) of Dungeness crab (Cancer
magister) larvae by season, cruise, and subarea in the offshore region of the Kodiak Island
study area, March 1978-March 1979. (Bongo net data.)

Mean Biomass

Season Spring Summer Fall Winter All Cruises

Cruise | I 1} v

Subarea
Portlock 0 0 0 0 0
Marmot 0 2.60 0 0 0.65
Albatross 0 0 0 0 0
Sitkinak 0 3.88 0 0 0.97

Mean Biomass
Subareas Combined O 1.62 0 0 0.40

538



PERCENT OF TOTAL ENCOUNTERED MEAN

10 \ 30 1 50 1 70 . 90 DENSITY

SURF.
DAY

520

20 —40 "JE .......

40 —60 ol

~
P
E 60-80 4]
L4
J - L
= 80-100 =4
>
(7o
w
b= i | 1 ] | 1 | 1 |
Z SURF. :
N , NIGHT
E’ 5 - 20—
(17]
Q ,0-40
3} 1zHUT
60-80 ————m
3 KiLIUDA
80-100 AN

Figure 31 .--Percentage of total Cancer magister encountered during
inshore OCSEAP plankton cruises by diel period and depth
interval for Izhut and Kiliuda bays. Tucker trawl data.
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Table 23.—Summary of information derived from analysis of variance tests of
bongo net data (In (numbers per 10 m? + 1)) for Dungeness crab (Cancer magister) larvae.

Source of Degrees of Sum of Value
Test Variability Freedom Squares of F
Inshore and Total 63 158.004 —
offshore Main effects
combined Region (R) 1 1.187 0.44
Subarea (A) 3 19.350 2.41
Season (S) 3 18.285 2.28
Interactions
RXA 3 8.285 1.03
RXS 3 2.911 0.36
AXS 9 4.356 0.18
RXAXS 9 10.232 0.43
Residual 32 85.462 —
Inshore Total 47 132.807 -
Main effects
Bays 3 27.939 5.87**
Cruise 11 52.508 3.01 %%
Residual 33 52.361 -
Offshore Total 15 19.190 -
Main effects
Subarea 3 2.829 1.00
Cruise 3 7.873 2.78
Residual 9 8.488 -

** Denotes significance at =

.01
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Cancer sp.

Occurrence of Cancer sp. larvae in the Kodiak Island study area was
apparently limited to spring and summer (Figs. 33 and 34, Tables 24 and
25) .

Nearly all larvae were found during the day in the 5- to 40-m
interval and at or near the surface during the night (Fig. 35). The
previous analysis by Kendall et al. (1980) suggested a deeper night-time
distribution, but that analysis did not include neuston samples.

The analysis of variance test of combined inshore and offshore data
indicated no notable region or area effects on distribution or abundance
of Cancer sp. larvae (Table 26). There was a seasonal effect, with
larval concentration in summer being significantly higher than amounts
during other times of the year. These results were mirrored by separate
analyses for the inshore and offshore data. The period of mid-June
through early August (Cruises VI-IX) contained significantly greater

amounts of Cancer sp. larvae inshore, while in the offshore region peak

abundance occurred during the summer cruise.
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Figure 33 .--Occurrence of larval stages of Cancer sp. by cruise and
season from the OCSEAP inshore plankton cruises. Data from

all gear types.
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study area. Bongo net data.
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Table 24.—Standardized biomass (In (numbers per 10 m? + 1)) of cancer crab (Cancer sp.) larvae by season,
cruise, and subarea in the inshore region of the Kodiak Island study area, March 1978-March 1979. (Bongo net data.)

Mean Biomass

Season Spring Summer Fall Winter All Cruises

Cruise 1 I \% v Vi Vi VIl Ix X x| Xl

Subarea
izhut 0 0 0 0 5.09 7.25 8.46 483 537 312 0 0 2.84
Chiniak 0 0 0 0 0 6.10 5.36 565 458 500 0 0 2.22
Kiliuda 0 0 0 300 400 6.61 5.57 4.08 4.18 0 0 0 2.29
Kaiugnak 0 0 1.73 114 430 6.52 6.40 7.18 5093 0 0 0 2.77

Mean Biomass

Bays Combined 0 0 0.43 1.03 3.35 6.62 6.45 5.43 5.01 2.03 0 0 2.53




Table 25.-Standardized biomass (In (numbers per 10 m’ + 1)) of cancer crab (Cancer sp.)
larvae by season, cruise, and subarea in the offshore region of the Kodiak Island study
area, March 1978-March 1979. (Bongo net data.)

Mean Biomass

Season Spring Summer Fall Winter All Cruises

Cruise | Il 1] v

Subarea
Portlock 0 6.37 0 3.02 2.35
Marmot 0 6.38 0 0 1.59
Albatross 0 5.08 0.30 0 1.34
Sitkinak 0 6.83 0 0 1.71

Mean Biomass
Subareas Combined O 6.16 0.07 0.75 1.74
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Figure 35.--Percentage of total Cancer sp. encountered during inshore
OCSEAP plankton cruises by diel period and depth interval
for Izhut and Kiliuda bays. Tucker trawl data.
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Table 26.—Summary of information derived from analysis of variance tests of
bongo net data (In (numbers per 10 m’ + 1)) for cancer crab (Cancer sp.) larvae.

Source of Degrees of Sum of Value
Test Variability Freedom Squares of F
Inshore and Total 63 496.694 —
offshore Main effects
combined Region (R) 1 0.367 0.09
Subarea (A) 3 5.250 0.44
Season (S) 3 331,211 27.76* *
Interactions
RXA 3 0.425 0.04
RXS 3 7.614 0.64
AXS 9 12.799 0.36
RXAXS 9 4.630 0.13
Residual 32 127.252 —
Inshore Total 47 575.260 -
Main effects
Bays 3 3.679 0.77
Cruise 11 319.351 18.34**
Residual 33 52.229 -
Offshore Total 15 114.017 —
Main effects
Subarea 3 2.187 1.02
Cruise 3 105.401 49.19**
Residual 9 6.428 -

** Denotes significance at = .01

Chionoecetes bairdi (Tanner crab)

C. bairdi zoeae were present in plankton samples throughout the
year (Figs. 36 and 37, Tables 27 and 28). Stage 1 larvae were en-
countered from late winter through midsummer (28 March-18 July 1978 and
4-16 March 1979), suggesting an asynchronous or protracted period of
larval release. The data from the extensively re-sorted bongo samples
in Chiniak Bay and Tucker trawl tows in Kiliuda Bay, however, indicate
peak abundance of Stage | zoeae during late May-early June (Cruises 1V
and V), which implies that most hatching occurred during late spring.

Most larvae encountered during the day were found in depths to
60 m. Vertical distribution at night could not be clearly explained.
Large numbers of C. bairdi zoeae were found near the surface, but
equally substantial amounts were present from 40 m downward to 80-100 m.
There was a notable lack of organisms at 20-40 m (Fig. 38).
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Figure 36 .--Occurrence of larval stages of Chionoecetes bairdi by cruise
and season from the OCSEAP inshore plankton cruises. Data
from all gear types.
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Figure 37.--Average density(In(numbers per 10 m2)) by cruise, season,
bay, subarea, and region for Chionoecetesbairdiin the
Kodiak Island study area. Bongo net data.
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Table 27.—Standardized biomass (In (numbers per 10 m? + 1)) of Tanner crab (Chionoecetes bairdi) larvae by season,
cruise, and subarea in the inshore region of the Kodiak Island study area, March 1978-March 1979. (Bongo net data.)

Mean Biomass

Season Spring Summer Fall Winter All Cruises

Cruise Il 1l Iv v VI ‘A Vill Ix X x| X

Subarea
Izhut 0 0 0 2.58 3.96 150 0 0 0 0 0 0 0.67
Chiniak 0 0 199 466 6.99 378 553 0 0 0 0 0.07 1.92
Kiliuda 0 0 0 497 446 0 0 0 0 0 0 0 0.79
Kaiugnak 0 0 2.33 5.98 3.33 0 0 0 0 0 0 0.66 1.02

Mean Biomass
Bays Combined 0 0 1.08 455 468 132 138 0 0 0 0 0.18 1.10




Table 28.—Standardized biomass (In (numbers per 10 m*+ 1)) of Tanner crab (Chionoecetes
bairdi) larvae by season, cruise, and subarea in the offshore region of the Kodiak Island
study area, March 1978-March 1979. (Bongo net data.)

Mean Biomass

Season Spring Summer Fall Winter All Cruises

Cruise | I I v

Subarea
Portlock 0 3.83 0 0.10 0.98
Marmot 1.73 2.89 0 0.07 1.17
Albatross 0 2.65 0 0.06 0.68
Sitkinak 0 3.76 0 0.63 1.10

Mean Biomass

Subareas Combined 0.43 3.28 0 0.21 0.98
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Figure 38. --Percentage of total Chionoecetes bairdi encountered during

inshore OCSEAP plankton cruises by diel period and depth
interval for Izhut and Kiliuda bays. Tucker trawl data.
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Results from analysis of vertical distribution by larval stage
indicated both Stage | and megalopae were present in highest concentra-
tionsin the upper portion of the water column (Kiliuda Bay, daytime
data only). No stage |l larvae were encountered in any of the 60 re-
sorted samples used inthis analysis by stage (Fig. 39).

Analysis of variance tests failed to discern a notable difference
in the abundance of C. bairdi larvae between inshore and offshore
regions of the study area (Table 29). Separate tests of each region
identified significant time and/or area effects on amounts present.
Multiple comparison tests determined that numbers of €. bairdi zoeae
found inshore in May to early June (Cruises |V andV)and offshore
during the summer cruise were significantly greater than those found in
any other period sampled. A bay effect was also identified inshore, but
an apparent bay x cruise interaction masked the importance of any bay.

PERCENT BY STAGE

STAGE | N M
PERCENT 10 60 90 10 80 90 10 60 90
1 1 1 1 [ i | | 1
SUR +——
5-20 -{7] b
E 20-40 4 ——
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O 60-80 = ]
80 -100 ~

Figure 39.--Percentage of Chionoecetes bairdi encountered by life stage
and depth interval during inshore OCSEAP plankton cruises.
Neuston sampler and Tucker trawl data.
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Table 29.—Summary of information derived from analysis of variance tests of
bongo net data (In (numbers per 10 m? + 1)) for Tanner crab (Chionoecetes bairdi) larvae.

Source of Degrees of Sum of Value
Test Variability Freedom Squares of F
Inshore and Total 63 215.651 -
offshore Main effects
combined Region (R) 1 1.338 0.32
Subarea (A) 3 10.212 0.82
Season (S) 3 29.006 2.33
interactions
RXA 3 0.713 0.06
RXS 3 32.619 2.63
AXS 9 5.297 0.14
RXAXS 9 3.998 0.11
Residual 32 132.501 —
Inshore Total 47 183.346 -
Main effects
Bays 3 11.502 3.17%
Cruise 11 131.980 9.93**
Residual 33 39.865 -
Offshore Total 15 32.144 —
Main effects
Subarea 3 0.569 0.57
Cruise 3 28.587 28.70**
Residual 9 2.988 -
* Denotes significance at = .05
** Denotes significance at = .01

Pi nnotheri dae (pea crabs)

Pinnotherid crab larvae were found primarily from late spring
through fal 1(Figs. 40 and 41, Tables 30 and 31). The presence of Stage
| larvae from spring through summer suggests a fairly protracted period
of larval release. Stageslll through V were still prevalent in samples
collected during the fall inshore cruise.

Pinnotherid zoeae were encountered mostly at midwater depths (Fig.
42) . During the day, about 95% were found at 5-60 m; at night they
appeared uniformly distributed throughout the water column. The largest
proportion encountered during night-time was at 60-80 m. Few pin-
notherids were found at the surface, and those only at night.
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Figure 40. --Occurrence of larval stages of Pinnotheridae by cruise and
Data from

season from the OCSEAP inshore plankton cruises.

all gear types.
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Figure 41. --Average density (In(numbers per 10 m2)) by cruise, season,
bay, subarea, and region for Pinnotheridae in the Kodiak
Island study area. Bongo net data.
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Table 30.—Standardized biomass (In (numbers per 10 m’ + 1)) of pea crab (Pinnotheridae) larvae by season,
cruise, and subarea in the inshore region of the Kodiak Island study area, March 1978-March 1979. (Bongo net data.)

Mean Biomass

Season Spring Summer Fall Winter All Cruises

Cruise il 1] Iv Y, Vi Vil Vi Ix X x| X

Subarea
Izhut 0 0 0 477 626 5.57 6.75 417 494 447 041 0 3.11
Chiniak 0 0 0 408 509 444 506 566 634 453 O 0 2.93
Kiliuda 0 0 0 6.66 753 742 6.87 657 6.76 6.76 1.29 0 4.15
Kaiugnak 0 0 233 471 444 537 498 497 527 452 0.88 0 3.12

Mean Biomass

Bays Combined 0 0 0.58 5.05 5.83 570 5.91 534 583 507 064 O 3.33




Table 31.—Standardized biomass (In (humbers per 10 m? + 1)) of pea crab (Pinnotheridae)
larvae by season, cruise, and subarea in the offshore region of the Kodiak Island study
area, March 1978-March 1979. (Bongo net data.)

Mean Biomass

Season Spring Summer Fall Winter All Cruises

Cruise | i 1 v

Subarea
Portlock 0 6.68 0 0 1.67
Marmot 0 4.52 0 0 1.13
Albatross 0 4.88 0 0 1.22
Sitkinak 0 4,74 0 0 1.81

Mean Biomass
Subareas Combined O 5.20 0 0 1.30
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Figure 42.--Percentage of total Pinnotheridae encountered during inshore
OCSEAP plankton cruises by diel period and depth interval
for Izhut and Kiliuda bays. Tucker trawl data.
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Analysis of variance tests for the inshore and offshore data

combined identified a season effect on abundance of pinnotherid crab

zoeae (Table 32). Numbers encountered during summer were significantly

greater than other times of the year throughout the study area. A

separate ANOVA and multiple comparison test of the inshore region

further identified May through August (Cruises |V-X)as having sig-

nificance over other time periods. Although a bay effect was also

identified inshore, no bay could be determined to be more important than

any other.

Table 32.—Summary of information derived from analysis of variance testsof
bongo net data (In(numbers per 10m’ + I)) for pea crab (Pinnotheridae) larvae.

Source of Degreesof Sum of Value
Test Variability Freedom Squares of F
Inshore and Total 63 496.460 —
offshore Main effects
combined Region (R) 1 9.672 2.03
Subarea(A) 3 8.200 0.57
Season(S) 3 267.239 18.66**
Interactions
RXA 3 2.920 0.20
RXS 3 9.141 0.64
AXS 9 2.868 0.07
RXAXS 9 3.174 0.07
Residual 32 152.730 -
Inshore Total 47 362.855 —
Main effects
Bays 3 11.128 6.07”"
Cruise 11 331.562 49.33*
Residual 33 20.165 —
Offshore Total 15 84.243 -
Main effects
Subarea 3 0.742 1.00
Cruise 3 81.276 109.59**
Residual 9 2.225 —

** Denotes significance at = .01
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DISCUSSION AND SUMMARY

This report describes results from the Kodiak Island region OCSEAP
plankton surveys which were not previously available and statistically
examines trends suggested by earlier analyses in Kendall et al. (1980).
The OCSEAP plankton surveys were meant to increase our understanding of
three general aspects of the distribution and abundance of decapod
1 arvae: (1) the areas within the survey region where larvae of a given
species are most abundant; (2) the depths where they are found within
the water column; and (3) the time of year they are present. An
understanding of these parameters is necessary for a realistic assess-
ment of the potential effects of oil and gas related development on

larval populations.

Spatial Abundance

Distribution and abundance trends were suggested in the earlier
report by Kendall et al. (1980), and an analysis of specific data sets
was performed to substantiate or refute suggested trends. In most
cases, statistical tests failed to identify significant abundance
differences between subareas or between the regions. Significant
regional abundance differences could only be determined for two taxa,
Hippolytidae and Anomura. For both, abundance in the inshore region
(i.e., bays and along the coast of Kodiak and Afognak islands) was
significantly greater than offshore.

Statistical tests failed to identify other significant regional
differences in larval abundance. However, supplemental information
about adults indicates the inshore region to be more important than
areas offshore for at least three additional taxa: Pandalusgoniurus,
Paralithodescamtschatica, and Cancer magister.

For example, adult Pandalusgoniurusare found only in shallow
water areas such as nearshore along the coasts of the Kodiak Island
Archipelago or in shallow portions of bays within the study area.
Consequently, mating and larval release should occur Iin these shallow,
nearshore areas with resulting larvae likewise in this region. Lack of
a net offshore directed current in the study area should then retain P.
goniuruslarvaein the inshore region. Data from the surveys suggest
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this inshore distribution--no P. goniurus larvae were found anywhere
offshore. Unfortunately, small sample sizes and low densities of larvae
obscured this obvious regional abundance difference. This taxon was the
least abundant decapod studied. The few larvae found in samples from
the bays and numerous "nocatch" samples (stations) resulted in a
relatively high variability for the inshore region. As a result, the
inshore presence of P. goniurus larvae could not be determined sig-
nificantly different from that in the offshore region.

Asimilar situation of low overall abundance masking significant
regional differences was evident for the larvae of Paralithodes
camtschatica. Adults of this commercially important crab species
migrate inshore during late winter-early spring for larval release,
molting, and mating. This shoreward movement sometimes extends into
intertidal areas. Again, extremely low abundance or patchiness of
catches precluded the determination that nearshore or inshore concentra-
tions of P. camtschatica larvae were higher than amounts found offshore
on the outer continental shelf.

A similar conclusion should be reached for Cancer magister larvae,
but again, only very low concentrations of these zoeae were encountered.

Whileour statistical tests could not establish significant
differences in regional abundance for most of the groups studied,
summary averages for all 10 taxa (Tables 33 and 34) indicate decapod

larvae are roughly 3 times more prevalent inshore than offshore.

Vertical Distribution

The data used for study of the vertical distribution and diel
behavior of decapod larvae were only from the inshore surveys because
sampling in the bays was more frequent and consistent than offshore.
Limits imposed by subsample sizes (see Appendix A) caused diel observa-
tions from the 12 inshore cruises to be pooled and the resulting data
set was not statistically analyzed. While a moderate degree of vari-
ability was noted between bays, we believe the averages presented
reflect general depth preferences and day-night movements of the taxa
studied.

The inclusion of neuston information into the data base studied by

Kendallet al. (1980) noticeably altered vertical distribution trends

559



Table 33.—Summary of average biomass (natural log of biomass + 1) for the taxa in the
various bays and their averages over all taxa and all bays.

Izhut Chiniak Kiliuda Kaiugnak Taxa

Bay Bay Bay Bay Averages
Hippolytidae 5.27 4.87 4.94 3.58 4.67
Crangonidae 2.25 0.97 2.77 1.17 1.79
Pandalus borealis 1.29 1.55 0.34 1.09 1.07
Pandalus goniurus 0.60 1.57 1.15 0.15 0.87
Anomura 4.93 4.32 4.98 3.76 4.50
Paralithodes camtschatica 0.31 0.83 0.79 0.29 0.55
Cancer magister 0.58 0.33 2.30 1.24 1.11
Cancer sp. 2.84 2.22 2.29 2.77 2.53
Chionoecetes bairdi 0.67 1.92 0.79 1.02 1.10
Pinnotheridae 311 2.93 4.15 3,12 3.33
Bay Averages 2.19 2.15 2.45 1.82 2.15

Table 34.—Summary of average biomass (natural log of biomass + 1) for the taxa in the
various offshore subareas and their averages over all taxa and all bays.

Portlock Marmot  Albatross  Sitkinak Taxa

Subarea Subarea Subarea Subarea  Averages
Hippolytidae 2.76 2.26 1.76 2.47 231
Crangonidae 1.35 1.30 0.00 0.87 088
Pandalus borealis 0.75 0.30 0.47 0.00 0.38
Panda/us goniurus 0.00 0.00 0.00 0.00 0.00
Anomura 2.62 1.85 2.75 2.60 2.45
Paralithodes camischatica 0.12 0.00 0.00 0.15 0.07
Cancer magister 0.00 0.65 0.00 0.97 0.41
Cancer sp. 2.35 1.60 1.35 1.70 1.75
Chionoecetes bairdi 0.97 1.17 0.67 1.10 0.98
Pinnotheridae 1.67 1.12 1.22 1.17 1.29
Subarea Averages 1.26 1.03 0.82 1.10 1.05
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suggested in their report. IN their analysis many taxa, especially
crabs, seemed positively phototaxic. Larvae appeared concentrated in
shallow strata during the day and shifted downward into deeper water at
night. Unfortunately, not knowing anything about larval presence in the
near-surface regime complicated that interpretation. Our subsequent
inclusion of neuston information indicates that although many taxa were
present in upper portions of the water column during the day, their
centers of abundance did not necessarily shift downward at night.
Substantial amounts of larvae occurred during the night at the sea
surfaces; up to 90% of the combined total from all samples for some
taxa. Those larvae that were found extensively in the night neuston
samples include: Hippolytidae, Crangonidae, Anomura, Paralithodes
camtschatica, Cancer magister, Cancer sp., and Chionoecetes bairdi .
However, night-time concentration at the surface is not wholly indica-
tive of a negative phototaxis. Considerable proportions of some taxa
(e. g., Crangonidae, Cancer magister, Anomura and Pgralithodes
camtschatica) were still present in deeper strata at night.

The following then is a revised general pattern of day-night
vertical distribution for many taxa of decapod larvae studied in this
report. During the day larvae appear concentrated at mid-depths (i.e.,
10-50 m,) and at night these concentrations seem to shift both to the
surface and to near the bottom. We do not know why this pattern occurs.
It tends to lessen the apparent significance of light levels on diel
movement and suggests other factors are involved. Unfortunately, we
could not identify a correlation between larval vertical distribution
and such factors as water temperature or salinity.

A possible reason for the above-mentioned trend may be different
depth or food preferences at various stages of larval development. An
extensive re-sort of Kiliuda Bay vertical distribution samples resulted
in enough larvae for several species (Pandalus borealis, P.goniurus,
Paralithodes camtschatica, and Chionoecetes bairdi) to look at vertical
distribution by stage on a combined day-night basis. For each species
there was an observed shift in distribution from at or near surface
downward into mid or bottom strata with progressive stages of develop-
ment. An example is seen in Figure 17, depicting vertical distribution
by larval stage of Pandalus borealis. The early stages (I, I, 111)
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were found primarily in the surface and 10-m strata; mid-stages (1v, V)
had their largest numbers divided into near surface and near bottom
modes; and later larval stages (VI, VII)were encountered almost
entirely in the deepest depths sampled. The surface/near bottom pattern
seen Tor stages |V and V is the same trend exhibited by a number of the
other taxaat night. From the standpoint of a developing P. borealis
larvae, stages IV and v might be considered transitional when they
switch from feeding on one “type” of food to another (for example,
phytoplankton to copepods). The food “types” might have different depth
distributions which correspond to those chosen by the different stages

of larvae.

Temporal Abundance

The biweekly cruises conducted In the inshore region during the
spring and summer provided the best indication of changes in larval
abundance with time. This sampling intensity, unfortunately, was not
continued throughout the remainder of the year inshore, or at all
offshore. Consequently, iIn the region and season analyses, all four
offshore cruises and the latter two inshore (Xl and Xll) had to be
considered representative of entire seasons. This is a very ques-
tionable assumption which must be considered when seasonal presence or
absence of larvae is discussed.

Tests of a majority of the taxa showed significant differences in
abundance by season. It is common knowledge that larvae of a given
species are most abundant during certain gross times of the year (i.e.,
spring and summer); however, many of the cruise and season effects were
highly significant and further multiple comparison tests determined more
precisely the times of the year that were most important. Forinstance,
multiple comparison tests of a significant inshore cruise effect on P.
borealis Ilarvae identified Cruises |l through |V (i.e., mid-Aprilto
late May) as having distinctly higher abundances of this taxon than
during any other cruises. This period of peak abundance is similar to
that determined by Haynes and Wing (1976)” during their 1972 study of
pandalid larvae in Kachemak Bay, on the southcentral coast of Alaska.
Those instances where no significant time effect was identified probably
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were the result of low overall abundance (i.e., Pandalus goniurus)or
other problems.

Temporal analysis of Paralithodes camtschatica was hampered by
small numbers of this taxon in the samples and also by the timing of the
cruises. Stage |V zoeae were present in the inshore Cruise | samples,
indicating that in 1978, larval release had commenced considerably
earlier than April. Furthermore, Cruise XIl| was planned as the final
inshore sampling period of the 1978-79 study. That cruise, however,
occurred in very late winter and its samples only contained Stage |
Paralithodes camtschatica zoeae (see Fig. 26). This implies that Cruise
X1 actually represented initial observations for progeny of the
following year (1979-80).

Study Limitations and Recommendations for Future Work

There were a number of points we considered in qualifying ourdata
and results, namely: the atypical environmental conditions encountered
during the surveys; insufficient subsamp]e size; differences in the
timing and amounts of sampling performed between the inshore and
offshore regions; and the multispecies nature of some of the taxonomic
groups analyzed. A detailed analysis of some of these factors can be
found in Appendix A; a discussion of the major conclusions as well as
recommendations For future work are taken up here.

Environmental conditions during the time period the study took
place differed noticeably from a long term average. How changes in
these environmental parameters (especially water temperature) affect
hatching times and abundance of larval decapods is not adequately
understood. Substantially more than one season would be necessary to
evaluate the affects these parameters have on larval distribution and
abundance. Given these limitations, we can only assume that conclusions
derived from this study reflect aspects of larval decapod distribution
and abundance during “warm weather” time periods.

Decapod larvae were not the only group targeted in the OCSEAP
zooplankton surveys and, consequently, sort rules were not designed with
the diversity and low relative abundance of this group in mind. The
overall conclusion from the subsampling test was that the 500-organism
aliquots used as the standard subsample for the study were too small to
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provide detailed descriptions of larval abundance by time, area, and
depth for the individual stages of zoeal development. The aliquots were
sufficient, however, to describe vertical distributions or abundance
with time in pooled data terms (i.e., all larval stages combined) for
each species of decapod larvae tested. Future research directed at
decapod larvae of commercially important species should have a subsanm-
ph‘ng intensity at least an order of magnitude larger (i.e., subsamp]e
ah'quots averaging 40% of the bulk sample and not 4%) than that averaged
in this study.

sampling schemes for the two surveys differed substantially and
restricted the comparisons which could be made between the inshore and
offshore regions. Cruise intervals varied from 2 weeks to 3 months for
inshore and offshore surveys, respectively. An average time in stage
for some of the larval decapods encountered is 10 to 20 days. Schedul-
ing of future cruises should take this into account if abundance by
stage data is desired. Depending on the species of interest, sampling
should be initiated earlier in the year. Cruise | of the inshore survey
(29 March-8 Apri 1 ) found Stagell larvae of a majority of the species,
and Stage I-IV larvae of Pgralithodescamtschatica. This suggests that
the onset of hatching is significantly earlier in the year.

The level of sampling attained during the surveys was also too
limited to achieve the sample size necessary for testing relatively low
larval concentrations. Inmany cases, statistical tests failed to
identify significant abundance differences within both the inshore and
offshore regions, and further, regional differences were rarely dis-
cerned. However, failure to identify significant differences in
inshore-offshore larval abundance should not imply uniform or random
distribution.

One more limiting aspect of the study which would benefit from
further work was the multispecies nature of some (of our) taxonomic
groups. OF the 10 taxa considered in our analysis, only 5were in-
dividual species. The remaining (i.e., Hippolytidae, Crangonidae,
Anomura, Cancer sp. and Pinnotheridae) were primarily composed of a
number of species. We were unable to differentiate species within these
taxa because of the lack of descriptive literature regarding their
larval morphology. Since individual species within these groups OCCUPY
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different habitats and possess different “reproductive strategies,” our
gross taxonomic combinations masked species-specific information in our
samples. This was a probable reason for the region-season interactions
observed in our ANOVA for hippolytid shrimp and anomuran crabs. A
hypothetical example for this interaction would be one abundant inshore
species spawning in spring and an abundant offshore species spawning
during the summer.

Despite these limitations, it is our opinion that the OCSEAP-funded
surveys still provided information which allows considerable insight

into decapod larvae populations in the Kodiak Island region.

Oil Effects

The impact of toxic levels of oil on decapod larvae would be
greatest from late winter through summer. The following list summarizes
this study’s findings on times of peak abundance for larvae of the five

commercially important species:

Pandalus borealis early April-early July
Pandalus goniurus mid-April-early July
Paralithodes camtschatica early March-early June
Cancer magister late April-late July
Chionoecetes bairdi late April-early July

A number of researchers have explored and documented the sen-
sitivity of larval forms of various decapods to oil and its water
soluble fraction (WSF). Caldwell et al. (1977) reported toxic effects
on Cancer magister larvae from WSF (Cook Inlet crude) as low as
0.22 mg/1. Stage | larvae of Pandalus hypsinotus and Paralithodes
camtschatica had 96-hr LC50's of 7.94 and 2.00 ppm (WSF Cook Inlet
crude), respectively (Mecklenburg et al. 1977). Besides being more
susceptible to the toxic effects of oil than are juveniles and adults
(Wells and Sprague 1976), larval forms are also significantly more
sensitive to exposure during the molting period (Mecklenburg et al.
1977) .  While the duration and number of larval stages”varies between
species, 5 molts over the COUr S& Of 2 months might be considered an
average for decapod larvae. This molting frequency and concurrent

sensitivity makes this Ilife stage particularly vulnerable.
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Another factor which increases the susceptibility of decapod larvae
to the effects of water soluble fractions of surface-borne oil is their
proximity to the surface. The extent to which hydrocarbons dissolve
into the water column is significantly affected by mixing (Gordon et al.
1973) . Studies as well as measurements from actual spills (Boehm and
Fiest 1980) show that such wave related mixing can occur at toxic
concentrations to a depth of 20-30 m in summer and 75-100 m in winter.
The vertical distribution and diel movement portion of this study found
that, day or night, substantial numbers of all the taxa studied were
well within depths which would be mixed during spring.

While extent varied from group to group, all taxa exhibited some
form of diel migration. Bigford (1977) showed that both geotactic and
phototactic behavior for Cancer irroratus was significantly affected by
exposure to WSF of fuel oil. It follows that exposure to either
catastrophic or chronic levels of dissolved hydrocarbons would have a
disabling effect on a decapod larva’s ability for diel migration. Most
likely, daily vertical migration is an important part of a larva’s
feeding behavior and disruption of it would further diminish an animal’s
survivability under adverse conditions. These same adverse conditions
also affect the phytop]ankton, copepods, etc., upon which decapod larvae
most likely feed.

In summary, this study suggests that decapod larvae would suffer
significant direct and indirect mortality from relatively low (WSF) oil
concentrations, especially in areas and at times of peak abundance
Combining the information from this study with our knowledge of life
histories of commercially important decapods will provide an indication
of the impact of oil development and/or accidents upon a year class, and
the subsequent potential reduction of recruitment to a fishery.
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Appendix A
QUALIFICATION AND DATA LIMITATIONS

Three main questions must be considered regarding the analysis
presented in this report. Were environmental conditions encountered
during 1978 representative of normal or unusual occurrences? Was sub-
sampling of the study’'s bulk plankton samples sufficient to accurately
describe the number and types of organisms present? Was the level of
sampling effort sufficient to accurately portray resource distribution

and abundance?

Evaluation of Environmental Conditions

Seasonal weather information and water temperature data from the
northeast coast of Kodiak Island were selected to show the study area’s
environment. Long-term measurements of these parameters were compared
with observations obtained during the study period to evaluate how
conditions during 1978 related to an average.

Observations of temperature and wind during 1978 suggest that
weather and environmental conditions during the study period differed
from long-term patterns. Surface winds were noticeably more frequent
out of the east-northeast to east-southeast and the strongest average
winds were associated with the northeast quadrant (Fig. A-| ). Sea and
air temperatures suggested warmer than usual conditions, especially
during winter-early spring (Figs. A-2 and A-3). The most substantial of
these temperature differences was observed for bottom water. February-
April measurements at bottom were more than twice the levels averaged
during several recent years (1971-1975).

Since this study focused on only one cycle of seasons it is
impossible to determine how apparent anomalous environmental conditions
may have affected larva” decapod populations. Also, a lack of other
data sets for the study area inhibits interpretation of observations
during the period studied. Given these limitations, we can only assume
that conclusions derived from this study reflect aspects of larval
decapod distribution and abundance which occur in the Kodiak Island
region during “warm weather” time periods.
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Arrows indicate the average wind velocity. Arrow tails indicate the percent frequency of
occurrence of wind direction.

Figure A-1 .--Average wind velocity and percent frequency of occurrence
of wind direction during 1978 in Kodiak Island study area.
(Adapted from Buck et al. 1975. )
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Evaluation of Subsampling Adequacy

Most information on larvae in this report was derived from analysis
of 500-organism a]iquots provided through the sorting contract with
Texas Instruments, Inc. These subsamples were assumed adequate for
indicating numbers of shrimp and crab larvae present in the bulk
samples; however, this was a substantial assumption. The 500-organism
subsamples often represented less than 1% and averaged only 4% of
organisms present in a bulk sample.

The adequacy of the study subsamples was examined through a series
of nonparametric Spearman rank correlation tests (Seigel 1956) on sets
of inshore region bongo net and Tucker trawl information. Larval
concentrations obtained from the aliquots of a selected set or series of
bulk samples were ranked relative to each other and this ranking was
compared to the ranks derived from extensive resampling of the same bulk
samples. Calculations for each test are presented at the end of this
appendix.

Data for four economically important decapod species were examined.
These species were: pink shrimp (Pandalus borealis), bumpy shrimp (P.
goniurus), red king crab (Paralithodes camtschatica), and Tanner crab
(Chionoecetes bairdi).

Analysis of the bongo net samples for individual stages of Pandalus
borealis indicated that the original aliquots showed close association
with the extensive subsamples for some zoeal stages but there was not a
close correlation for every stage (Table /\4).When data for all larval
stages were combined (by cruise for all stations in a bay) the test
again indicated a high probability (P = .975) that the number of P.
borealis “zoeae derived from the original aliquot was closely correlated
with the number present in the associated bulk sample. Similar results
were obtained for all other species, except Chionoecetes bairdi,
however, a graph comparing data for this species from the different
subsamples (Fig. A-4) showed notable similarity in depicting abundance
with time. Our conclusion followed that the standard subsampling used
for the study was sufficient to accurately describe overall abundance of
a species by time (i.e., all stages combined for all stations in a bay)

but that determining abundance by larval stage was not possible.
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Table A-1.--Summary of information on numbers of larvae removed from two
different subsamples of bongo net catches obtained during

larval

area of Kodiak

Island,

(data for Stations 1-3 combined).

Larval
Species Stage
Pandalus 1
borealis 2
3
4
5
6
7
All stages
combined
P. All stages
goniurus combined
-—1
Chianoecetes JAil stage
bairdi combined
Paralithodes WMl stage
camtschatical jcombined
by,

Number
of cruises
ancountering

larvae

8(1-8)

10(1-10]

Number
ound in
00-organ-
sm aliquo

10

OO Oo O N

13

Spearman rank correlation co-efficient

Number in parentheses indicates cruises included
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distribution and abundance studies
March-November

in

the Chiniak Bay

1978 and February 1979

Number
found in
extensive
resort”
subsampl es

443
240
98

40

868

186

41

179

“Spearman rank correlation

a

correlation
or association
between sub-

Sdizll rsgj samples at
a=0.25
74.00 |0.67 Yes
1.00 (0.90 No
16.50 ]0.00 No
15.50 (0.00 No
23,00 (0,00 No
0.00 |1.00 Yes
0.00 (0.00 No
99.00 (0.60 Yes
40.00 (0.92 Yes
57.50 ]0.53 No
2.00 |0.90 Yes

in testing.

Sum of squares of the differences between rankings within subsample sets
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Island study area. Bongo net data.
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Table A-2.--Summary of information on estimated densities of bairdi
Tanner crab larvae from two different subsampies of Tucker
trawl catches obtained during decapod larvae vertical
distribution studies in the Kiliuda Bay area of Kodiak
Island, March-November 1978 and February 1979.

Average number of larvae  Average number of larvae Spearman Rank
per 1000 m®* estimated per 1000 m* estimated _Carrelation _Information
present in Kiljuda Bay present in Kiliuda Bay Correlation
from original “500 from the "estensive of association
organism” aliquot (all resort” subsamples between sub-
depths combined) (al 1 depth combined) samples at
Cruises di? rg  =.025
| 0 0 0 (1.00 yes
2 48 51 6.00 |[0.70 no
3 0 180 10.00 |0.50 no
4 738 1,297 0.50 |0.98 yes
5 38 363 2.00 |0.90 yes
6-12 0 0 0 1.00 yes
2-5 combined 206 473 0.50 |0.98 yes

Spearman rank correlation tests on the vertical distribution
information produced varying results. In general, there was a higher
association between subsamples for larvae of crab species than shrimp.
Aliquot data on C. bairdi zoeae were correlated closely with data
produced from the extensive subsamples for nearly every cruise (Table
A-5), but association between subsamples for Paralithodescamtschatica
WaS not as extensive (Table A-3). For either species, however, there
was a significant correlation between subsamples when data were combined
for all cruises encountering larvae. High correlation coefficients
(rs = 0.98) for the pooled data suggest that the 500-organism aliquot of
Tucker trawl catches was adequate to describe the vertical distribution
of crab larvae (all stages combined) over the entire study period but
not for specific time (cruise) intervals.
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Table A-3.--Summary of information on estimated densities of red king
crab larvae from two different subsamples of Tucker trawl
catches obtained during decapod larvae vertical distribution
studies in the Kiliuda Bay area of Kodiak Island, March-
November 1978 and February 1979.

Average number of larvae Average number of larvae Spearman Rank
per 1000 m’ estimated per 1000 m’ estimated
present inKiliuda Bay present inKiliuda Bay Correlation
from original “500 from the “estensive of association
organism” aliquot (all resort” subsamples between sub-
depths combined) (al 1 depth combined) samples at
Cruises d/’ ‘s = .025
1 0 65 5.00 [0.91 yes
2 76 41 2.00 |[0.90 yes
3 0 44 10.00 |0.50 no
4 6 27 3.50 |0.83 no
5 767 3,482 2.75 |0.86 no
6-12 0 0 0 1.00 yes
1-5 combined 170 732 0.50 |0.98 yes




Subsamples for shrimp zoeae appeared less correlated. Comparisons
by cruise and with cruises combined, infrequently identified an associa-
tion between numbers of shrimp larvae from the two types of subsamples
(Tables A-4 and A-5). Despite a lack of significant correlation, data
from both subsamples displayed similar trends in describing general
vertical distribution (Fig. A-5). Most Pandalus borealis larvae in both
data sets were found in samples from the upper 30 m of the water column,
whereas the greatest proportion of P.goniurus larvae were observed for
both subsample types in catches from near the surface.

The overall conclusion from the subsampling tests was that the 500-
organism aliqouts used as the standard subsample for the study were too
small to provide detailed descriptions of larval abundance by time,
area, and depth for individual stages of zoeal development. The
aliquots were sufficient, however, to describe vertical distributions or
abundance with time in pooled-data terms (i.e., all larval stages
combined) for each species of decapod larvae tested.

Evaluation of Sampling Adequacy

Detailed analysis of the adequacy of the study’s sampling intensity
by area or time was not attempted. There is not other data base for
comparison. However, some comparisons were made between portions of the
study’s efforts. Larval populations in the offshore region were sampled
once per season and station density never exceeded one station per
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Table A-4.--Summary of information on estimated densities of pink shrimp
larvae from two different subsamples of Tucker trawl catches
obtained during decapod larvae vertical distribution studies
in the Kiliuda Bay area of Kodiak Island, March-November
1978 and February 1979.

Average number of larvae Average number of larvae Spearman Rank
per 1000 n' estimated per 1000 m’estimated _Correlation_ Information
present in Kilijuda Bay present in Kiliuda Bay Correlation
from original “500 from the “extensive of association
organism” aliguot (all resort” subsamples between sub-
depths combined) (all depth combined) samples at
Cruises di2 rs = .025
1 521 83 14.00 | 0.30 no
2 0 337 10.00 | 0.50 no
3 1,481 164 2.00 |1 0.90 yes
4 33 391 5.00 | 0.75 no
5 0 168 8.00 | 0.97 yes
6 0 20 13.50 | 0.71 no
I 0 9 10.00 | 0.92 yes
8 0 5 9.50 |[---- no
9 0 1 5.00 |0.91 yes
10-12 0 0 0 1.00 yes
1-9 combined 226 131 20.00 |0.00 no
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Table A-5. --Summary of information on estimated densities of bumpy

shrimp larvae from two different subsamples of Tucker trawl
catches obtained during decapod larvae vertical distribution
studies in the Kiliuda Bay area of Kodiak Island, March-
November 1978 and February 1979

Average number of larvae Average number of larvae Spearman Rank
per 1000 m* estimated per 1000 m’estimated Correlation Information
present in Kilijuda Bay present in Kiliuda Bay Correlation
from original “500 ~ “from the "estensive- of association
organism” aliquot (all resort” subsamples between sub-
depths combined) (all depth combined) samples at
Cruises d,”>rs = .025
1 29 32 12.50 |0.48 no
2 0 3 5.00 |0.92 yes
3 0 5 8.00 (0.97 yes
4 211 95 20.00 (0.00 no
5 9 32 15.00 {0.25 no
6 119 8 27.25 10.36 no
7-12 0 0 0 |1.00 yes
1-6 combined 61 - 29 9.00 |0.55 no
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total organisms encountered and depth interval from the
inshore region of the Kodiak Island study area. Neuston
sampler and Tucker trawl data.
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700 km2. This coverage was limited in comparison to sampling of the
inshore region. Inshore sampling density was as high as 5 cruises per
season with station densities approaching one per 50 km2. These
regional sampling differences precluded integration of data from
adjacent geographic areas and substantially complicated the analyses.

Summary of Report Limitations

This report presents a summary of data that were: (1) obtained
during a year marked by weather conditions different from long-term
averages; (2) derived from subsamples adequate only to describe rela-
tively general distribution and abundance; and (3) gathered during two
somewhat dissimilar sets of surveys.

It is most difficult to substantiate periods of larval occurrence
or assess the relative magnitude of larval resources from the study’s
approximately one year of information. Further, it is impossible to
identifty how timing of larval occurrence during a year of apparently
anomalous climate conditions relates to other years. Despite these
limitations, this report represents the most comprehensive analysis
available for shrimp and crab larvae in the study area. Information
presented in the report provides a general description of the seasonal
abundance and distribution of decapod larvae in inshore and offshore

regions of the Kodiak Island shelf.

584



Spearman Rank Non-parametric Correlation Tests

Bongo Sampling

Table A-6 Pandalus borealis Stage |

Table A-7 " " Stage 11

Table A-8 " | Stage 11

Table A-9 " ! Stage 1V

Table A-10 " ! Stage V

Table A-11 " " Stage VI

Table A-12 " " Stage VII

Table A-13 Pandalus borealis al Stages combined
Table A-14 P. goniurus all stages combined
Table A-15 Paralithodes camtschatica all stages combined
Table A-16 Chionoecetes bairdi all stages combined

Vertical Distribution Sampling

Table A-17 Pandalus borealis Cruise |

Table A-18 ! ! Cruise | |

Table A-19 " " Cruise |11

Table A-20 " " Cruise 1V

Table A-21 " ' ' Cruise V

Table A-22 " " Cruise VI

Table A-23 " I Cruise VII

Table A-24 " ! Cruise VI ||

Table A-25 " " Cruise X

Table A-26 Pandalus borealis Cruises | thru 1X combined
Table A-27 P. goniurus Cruise |

Table A-28 L Cruise |l

Table A-29 u I Cruise Il

Table A-30 " " Cruise 1V

Table A-31 " " Cruise V

Table A-32 " " Cruise VI

Table A-33 P. goniurus Cruises I thru V1 combined
Table A-34 Paralithodes camtschatica Cruise |

Table A-35 " Cruise | |

Table A-36 u I Cruise |||

Table A-37 I . Cruise IV

Table A-38 u I Cruise V

Table A-39 Paralithodes camtschatica Cruises | through V combined
Table A-40 Chionoecetes bairdi Cruise |1

Table A-41 T Cruise | |1

Table A-42 w I Cruise 1V

Table A-43 ! " Cruise V

Table A-44 ! " Cruises || through V combined
Table A-45 " ! Cruises VI through Xl | combined
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Table A-6.--Spearman rank non-parametric correlation tests on bongo net information for pink
shrimp larvae in the Chiniak Bay area of Kodiak Island, 1978-79 (stations CI, C2,
and C3 combined).

Stage 1

Number found in Rank of Number found in Rank of Difference Squares of

original “500- X§ “extensive resort” ¥i in ranks differences
Cruise organism” al 1iquots subsampl es (di) (djz)

{x3) ri)

1 0 5.5 17 10 4.5 20.25
2 2 11.0 226 12 1 1
3 8 12.0 179 1 1 1
q 0 9.5 12 9 3.5 12.25
5 0 5.9 1 6.5 1 1
6 0 5.9 0 3 2.5 6.25
7 0 9.5 0 3 2.5 6,25
8 0 5.5 7 8 2.5 6.25
9 0 5.5 0 3 2.5 6.25
10 0 5.5 0 3 2.5 6.25
1 0 5.5 0 3 2.5 6.25
12 0 55 1 6.5 1 1
Test: Hp: x and y are independent, i.e., there is no correlation between subsamples,

Ha: x and y are dependent, i.e. , there is correlation O association.
Test Statistic: t = rs’w:zf‘ ~ student’s “t” with N-2 degrees of freedom
- s

S . Rei .975 975 » 28
Rejection Rule: elect .o .p 2 oy ieq9 %
Calculations:
i A LA
£e-Tx 1071~ 1G%ad0 : N -N 12°-12
Correction for ties: X = —fz‘“‘ =717 =17 82. 5, - 7 - Tx =717 - 82.5=60.5
3
£Ty?-Ty 53-5 , 23-2 _ s NN 123-12
YT 12 = Y2 10553yt - 2z - Ty= 12 - 10.5=135
Ix*+5y’-Zdj? __ 60,5+132.5-74.0 _ -
s * {'Vz;(a-z? T2 051325 7 0.665

t = rsW';:is, = o.asseﬁsﬁ = 0.665 %%53; = 2.816>2.228

Conelusion: Reject Ho. The subsamples are correlated with respectwothe numbers Of stage | larvae Present.
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Table A-7.--Spearman rank non-parametric correlation tests on bongo net

information for pink

shrimp larvae in the Chiniak Bay area of Kodiak Island, 1978 (stations Cl, C2,
and C3 combined).
Stage 2
Numbers found in Rank of Numbers found in Rank of Difference Squares of
original "500- Xq “extensive resort” yi in ranks differences
1/ organism aliquot subsample (di) (di?)
Cruise ~ (Xi) {yi)
! 0 1.5 2 1 0.5 0.25
2 0 15 5 2 0.5 0.25
3 1 35 90 3 0.5 0.25
4 1 35 143 4 0.5 0.25
Tdyz = 1.00
Test: Hgt x and y are independent, i.e., there is no correlation between subsamples.

Hyi x and y are dependent, i.e., there is correlation or association.

o ]’N-Z
Test Statistic: t = re T:TFZTT ~ student’s “t” with N-2 degrees of freedom

Rejection Rule: Reject Ho if t )t&?;s ; g975 = 4.303
Calculations:
62di? _ 6(1)
rs =1 - ww - !~ %a-4 = 0.0

N-2 _ 2 -
t = rs l‘rs" = 0.900}\r0‘.8—1 = 2.920 ¥ 4.303

Conclusion: Fail to reject Hy. The subsamples are not correlated.

_l_/ cruises with zero catches in both subsamples (after occurrences) are

omitted.
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Table A-8.--Spearman rank non-parametric correlation tests on bongo net information for pink

shrimp larvae in the Chiniak Bay area of Kodiak Island, 1978 (stations CI, C2,
and €3 combined).

Stage 3
Numbers found in Rank of Numbers found in Rank of D_ifference Sr.umres of
originai "500- Xi “extensive resort” vi in ranks differences

1/ organism aliquot subsampie (di) (47 )

Cruise = {xj) i)

1 0 3.5 0 1.5 2 4.00

2 0 3.5 0 15 2 4.00

3 0 3.5 1 3 0.5 0.25

4 0 3.5 1 6 2.5 6.25

5 0 3.5 3 4.5 1 1.00

6 0 3.5 3 4.5 1 1.00

Td; = 16.50°
Test: :i0= xand ¥ are ingependent, i.e., there is no correlation between subsamples.

ha: x and y are dependent, i.e., there is correlation or association.

- 1'N-Z’ e g ian N
Test Statistic: t = re 1_(-,:;)7- ~ student’s “t” with N-2 degrees of freedom

975 .975
Rejection Rule: Reject Ho if t > ty.p ; t4 = 2.776
Calculations: , " 66
T3-Tx 6-6 -N - ) i
Correction for ties: x=ENF e = 1155 ¢ =7 - Ty = 1 17.5= 17.5- 17.5=0
sTe-Ty 252 2222 . =1.0: o NNy _ -
y = 7 1 + 222 = 0.5 + 0.5 =1.0; =y R Ty 17.5- 1.0 = 16.5
2 _vdi? _ 4
ro . DEATV-TOR  0+16.5-16.5 .0 t = OVFE =0 e 2-0)2.776
2w .zp 270 +16.5 0

Conclusion:

Fail to reject HO The subsampl es are not correlated.

1/ cruises with zero catches in both subsamples (after occurrences) are omitted,i.e., all cruises after occurrence of larvae

are omitted from the analysis.
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Table A-9.--Spearman rank non-parametric correlation tests on bongo net information for pink
shrimp larvae in the Chiniak Bay area of Kodiak Island, 1978 (stations cCI, C2,

and C3 combined).

Stage 4

Numbers found in Rank of Numbers found in Rank of P fference Squares of

originai "SQO- Xi “extensive resort” vi in ranks differences

Y, organism aliquot subsample {di) @i’ )
Cruise — (xi] (yi)
1 0 3.5 0 1.5 2.25
2 0 3.5 0 1.5 2.25
3 0 3.5 0 1.5 2.25
4 0 35 | 2.5 6.25
5 0 3.5 22 15 2.25
6 0 3.5 20 0.5 0.25
_ . - _ _ Ydjp  15.50
Test: Hg: x and y are independent, i.e., there is no correlation between subsamples.
Hy+ x and y are dependent, i.e., there is correlation or association.
N-2

T istic: t-r A ~ ‘s “t with N-2deqreesof
€5t Statistic: t rSi 1_(75‘)‘7‘ student’s “t” with 2 deqrees of freedom

Rejection Rule: Reject Ho if t > tﬁ?;s ; tj975 22.776
Calculations:
) . - oT-Tx _ 6°-6_ 216- . g2 NN g 63-6 .
Correction for ties: X J>—E§—-E 12 12 47. 5; X 12 X 12 -
Tp-Ty 3*-3__ 27-3 NI - =66 _ 2.0

y ¥ 2o oyt

. Ix*+Ey? -Edgz  0+415.5-15.5 4 _ -
) = =290 00Y 2 t=0‘F-0-2—0}2.776
s 24E-Zy)  240-15.5 1-0

Coaclusion: Fail to reject t. The subsamples are not correlated.

1/ Cruises with zero catches in both subsamples (after occurrences) are omitted.

570

= 15.5
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Table A-10.--Spearman rank non-parametric correlation tests on bongo net information for pink
shrimp larvae in the Chiniak Bay area of Kodiak Island, 1978 (stations Cl, C2,
and C3 combined).

Stage 5
Numbers found in Rank of Numbers found in Rank of Difference Squa res n f
original "500- Xi “extensive resort” yi in ranks d i fferences

i/ organism aliquot subsanpl e i) (di*)
Cruise (xi) (yi)
1 0 4 0 2.5 1.5 2.25
2 0 4 0 2.5 1.5 2.25
3 0 4 0 2.5 1.5 2.25
4 0 4 0 2.5 1.5 2.25
5 0 4 21 7 3.0 9.00
6 0 4 4 5 1.0 1.00
7 0 4 15 6 2.0 4.00

Tdyz = 23.00
Test: H0. X @nG ¥ are independent, i.e., tnere is no correlation between subsamples.
Ha: x and y are dependent, i.e., there is correlation or association.
Test Statistic: t = rS\F:::%—E)T'\' student's “t" withN-2deqreesof freedom
Rejectlon Rule: Reject Ho if € > tyly 5 t;° " = 2.571
Calculations:
- s e = Tx3-Tx . 7-7 - 343-7 _ . vyl = N -N - _ -7 =
Correction for ties: x —51—2—1 H7 - = 28.0: X I ==z " 28.0 = 0
_To-Ty_ _4-4_64-4 _ 5 . N -N _ _
y= Yt 5= 5.0} zp - 57 - Ty =28.0- 5.0 =23.0
_ I ATy -Z4? 0+23-23 5
s * 2 Yy =2m=0 t=0\y71-g =0} 2.571

Conclusion: Fail to reject Ho. The subsampl es are not correlated.
1/ Cruises with zero catches in both subsamples (after occurrences) are omitted.
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Table A-11 .--Spearman rank non-parametric correlation tests on bongo net information for pink
shrimp larvae in the Chiniak Bay area of Kodiak Island, 1978 (stations Cl, €2,

and C3 combined).

Stage 6
Nurbers found in Rank of fumbers found i n Rank of nifference Sauares ol
originai "500- Xi “extensive resort” yi in ranks dlf'forfr‘lccw
i/ organism aiiquot subsanpie \di) 1di? )
Cruise (Xi) {yi)
1 0 3.5 0 3.5 0 0
2 0 3.5 0 35 0 0
3 0 35 0 35 0 0
4 0 3.5 0 35 0 0
5 0 35 0 3.5 0 0
6 0 3.5 0 35 0 0
? 1 7.0 3 7.0 0 0
Tdr = o 00
Test: i, x ana v are independent. i.e., tnere is no correiation between subsamples.
Ha: X and Yy are dependent, i.e., there is correlation or association.

Tost statistic: t = rS\E{:%I"—S.)T ~ student'~ “t* witn N-2 deqrees of freedom

. .975
Rejectlon Rule: Reject Ho if t > tN?;s . = 2.571
Calculations: T.3-T 6°-6 216-6 73-7
Correction for ties: x=Z7q7 =712 ° 12 T 11.5; I = - - Ty="77 -175=28.0- 17.5 = 105

3. - 3 -
y=siple - B8 BB sy gy St g Bl 175 = 28.0- 17,5 = 105

_ Ix®+%y?-%di?  10.5+ 10.5-0 _ 21.% 00

s~ = == = complete correlation
2 Extezy? 2 410.5 = 10.5 21.

Conclusion: Reject Ho. The subsampl es are correlated.

_l_/ Cruises with zero catches in both subsamples (after occurrences) are omitted.
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Table A-12_--Spearman rank non-parametric correlation tests on bongo net information for pink

shrimp larvae in the Chiniak Bay area of Kodiak Island, 1978 (stations Cl, C2,
and C3 combined).

Stage 7
Numbers found i n Rank of Numbers found in Rank of Difference Squares of
original “500- Xi “extensive resort” yi in ranks differences
1/ organism aliquot subsample (di ) (di?)

Cruise — (xi) (yi)

1 0 4 0 3.5 0.5 0.25

2 0 4 0’ 3.5 0.5 0.25

3 0 4 0 3.5 0.5 0.25

4 0 4 0 3.5 0.5 0.25

5 0 4 0 3.5 0.5 0.25

6 0 4 0 3.5 0.5 0.25

7 0 4 1 7.0 3.0 9.00

Tde * 10,50 7
Test: Ho: xand y are independent, i.e., there 1s no correlation between subsamples.
‘q: X and y are dependent, i.e., there is correlation or association.
- L _ N-2 P R
Test Statistic: t = re m,— ~ student's “t” with N-2 deqrees of freedom
Rejection Rule: Reject Ho if t 2 t&?gs H tg = 2,447
Calculations:
xalculations: ; - 73-7 - N-N 343-7
Correction for ties: b I’l‘}li cp. = ‘:%7‘ = 28.0; Ex? = 7 ~W="12 - 28.0=0
y=T12T =6156=2§g"5= 17 .5;EY2=p-Ty27- 17.5=11.5
- Ex?+Ey? -Zdi?  0+11.5-10.5 _ I 5

ot e L == =0 t=0',;_=0
2 fzX Iy 2 40+ 11.5 VT-0

Conclusion: Fail to reject Ho. The subsampl es are not correlated.

0 ¥ 2.447

1/ Cuise’with zero catches in both subsamples (after occurrences) are omitted.
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Table A-13.--Spearman rank non-parametric correlation tests on bongo net information for pink
shrimp larvae in the Chiniak Bay area of Kodiak Island, 1978 (stations CI, C2,
and C3 combined).

Stagel-12 combined

Nunbers f gurg i n Rank of syrbers found 1 n Rank of Difference Sauares of
originai "500- Xi "extensive resort” yi in ranks differances
organism aiiquot subsarpie (di) (di )

Cruise (Xi) i )

1 0 4.5 2 5 .

2 33 9 49 11 %8 421(2)3

3 138 12 42 9 3.0 9.00

4 38 10 185 12 2.0 4.00

5 0 4.5 35 8 3.5 12.25

6 0 4.5 46 10 5.5 30.25

7 65 1%1 20 7 4,0 16.00

8 0 5 5 6 1.5 2.25

9 0 4.5 0 2 2.5 6.25

10 0 4.5 0 2 2.5 6.25

11 0 4.5 0 2 2.5 6.25

12 0 4.5 1 4 0.5 0.25

¥d;;= 99.00
Test: Mor X and ¥ arc jnaenendent,i.e..tnereis no correiation between subsamples.

Ha: x and vy are depengent, i.e., there is correlation or association.

- 1’?-2 ' . R
iest statistic: t =118 ;—_@r ~student's ‘v witn N-2 deqrees of freedom

.975 975
Rejection Rule: Reject Ho if t >ty o 3 tio ~ 2.228

Calculations: T, -1 8-8 512-3 N° =N : ]_23{2%2 _ _
Correction for ties: x = 2112 = {7 =7 =42.0; =17 - TyT 20 = 143 - 42 = 101
T,a-T, _ 3*-3 _27-3 _ i N °-N _ 123-32 L
y=£—4ﬁ4=—lT-T-2.O,Ey2‘_ir_T— 1221—143 2 =141
Ix? +Zy’ -Td? 101+141-99 143 _ — 0.599 12— = 2.366 > 2.228
JEPET ¢ 7 foreTar 23857 - 0-599 t=0 1-.359

Conclusion: Reject Ho. The subsamples are correlated.
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Table A-14.--Spearman rank non-parametric correlation tests on

bongo net

information

for

bumpy shrimp larvae in the Chiniak Bay area of Kodiak Island, 1978 (stations CI,

C2, and C3 combined).

Stage = All  stages combined

Lwmbers found i n Rank of “umbers found in Rank of Difference Squares of
original "500- Xi “extensive resort” Yi in ranes differences
. organism aiiqguot subsanple (ui) {ai?)
Cruise — (xi). (.Y1)
1 0 2.5 0 1 15 2.25
2 10 &/ 5 3 2 3.0 9.00
3 164 8 41 5 3.0 9.00
4 77 7 129 8 1.0 1.00
5 0 2.5 44 6.5 4.0 16.00
6 44 6 44 6.5 0.5 0.25
7 0 2.5 21 4 15 2.25
8 0 2.5 7 3 0.5 0.25
Xdi2 7 40.00

X arc ¥y are 1ndependc'nt. i.e., there is N O

correlation between subsamples.

#af xangy are dependent, i.e., tnere is correlation Of association.

Test Statistic: ot =or o2 r ~ student's "t" with -2 degrees of freedom
— syl s)

975 , ¢975

Rejection Rule: Reject Ho if t >ty 5

Calculations:

6
t= 0.921 {77848 5.778 > 2.447 *

Conclusion:

= 2.447

Reject Hyp. There is correlation between subsamples.

1/ Cruises with zero catches in both subsampl es (after occurrences) are omitted.

Z/ Mean biomass per 100
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Table A-15.--Spearman rank non-parametric correlation tests on bongo net information for red
king crab shrimp larvae in the Chiniak Bay area of Kodiak Island, 1978 (stations

Cl, C2, and C3 combined).

Stage - All stages combined

Numbers found i n Rank of kumbers found in Rank of ni fference Sauares n-
origina] "500- Xi “extensive resort” yi in ranks Cifr(?"_f‘”CCS
- organism ailiguot subsample (di) (di?)

Cruise - (xi) i)

1 125 & 5 209 5 0 0

2 0 2 9 2 0 0

3 0 2 13 3 1 1

4 38 4 36 4 0 0

5 0 2 5 1 1 1

Test: HO: xand Yy are independent, i.e., there is no correlation between Subsamples.

Ha: x and y are dependent, i.e., there is correlation or association.

.. M- 2
Test Statistic: ¢ « 1

975

. .975
Rejection Rule: Reject Ho if t>tN_2 b3 = 3,182

Calculations:

6Zdy? 652) 12
rszl_—,—j—N N=1-8%t=1- 13 = 0.900

t=0.90 VT:AST = 3.476 > 3.182

Conclusion: Reject Ho. The two sets of subsamples are correlated.

1/ Cruises with zero catches in both subsamples (after occurrences) are
2/ Mean biomass per 100 n?.

‘r_-(fs-)r'\' student's * t* with N-2 degrees of freedom

omitted.
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Table A-16.--Spearman rank non-parametric correlation tests on bongo net information for
bairdi Tanner crab larvae in the Chiniak Bay area of Kodiak Island, 1978

(stations Cl, C2, and C3 combined).

Stage - All stages combined

Numbers found in Rank of Numbers found in Rank of Difference Squares of
original “500 ‘g “extensive resort” \F in ranks difference:
organism” aliquot subsample ) (d4%)
Cruise 1/ ) )
1 0 5 1 ¥ 5 0.0 0
2 0 5 3 8 3.0 9.00
3 0 5 1 5 0.0 0
4 2 10 23 10 0.0 0
5 0 5 10 9 4.0 16.00
6 0 5 2 7 2.0 4.00
7 0 5 0 2 3.0 9.00
8 0 5 0 2 3.0 9.00
9 0 5 0 2 3.0 9.00
10 0 5 <1 5 0.0 0
Test: Hy:  x and y are independent, i.e., there is no correlation between subsamples. zdi® = ¢
Har x and y are dependent, i.e., there is correlation or association.
Test Statistic: Ceg ,\%:—%rs oo~ student’s “t” with N-2 degrees of freedom
Rejection Rule: Reject Ho if t >t&?;5 X té975 = 2.306
Calculations: “ 3 :
~alCUratlions. B T,3-T 93-9 -“720.9 N°-N 10-10 1000-10
Correction for ties: » = Z.X_lz_i 12 - 12 - 60s =% =[5 -T, =13 -60="17 - 60= 22.5
- Ty __{3’-3. 33-3] 127-3 27-3]. NG -N 10°-10 1000-10
Y= =12 iz ITl 1z Tl 4.0y = 1 -7 _—'4'0=T_4,0=

T 12
Ix+Iy?-2di? _ 22.5+78.5-56.0 _ 45.00 . "
cg= 2‘1!7}':7* T ONTBET 7.5 " ggo5 - 0-535 t = r;%: 0.53: _‘? = 1.762 ¥ 2.306

Conclusion:  Fail to reject Hg. There is no correlation between subsamples.
1/ Cruises with zero catches in both subsamples (after occurrences) are omitted.
2/ Mean biomass per-100 m’.
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Table A-17.--Spearman rank non-parametric correlation tests on vertical distribution for pink

shrimp larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 1
Density estimated Rank of Dens i ty es tima ted Rank of Difference Squares of
Sample from original “500 Xi from “extensive Y,i in ranks differences
Depth, organism” aliquot resort” subsample (di ) (d )
(m) (x5) Yi
10 30 V/ 2 378 5 3 9
30 366 3 12 3 0 0
50 0 1 0 1 0 0
70 1100 5 18 4 1 1
90 1059 4 9 2 2 4
Test: Hy: x~and y are independent, i.e., there is no correlation between subsamples. }:di’ = 14.00
Ha: X and y are dependent, i.e., there is correlation or association.
Test Statistic: t = rg T—i% )2 ~ student’s “t” with N-2degrees of freedom
S
I i ) .975 .975
Rejection Rule: Reject Ho if t > t N-2 : t3 = 3.182
Calculations:
90 442
rs = 1- 6T
i=10
=1 .- 8(4)
125-5

=18
=1 - 355 = 0.30

te o.3o\/¥§§—sf= o.3ovr§w= 0.544 § 3/182

Conclusion: Faf 1 to reject HO. These subsamples are not correlated.

1/ Number of larvae per 1000 mt.
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Table A-18.--Spearman rank non-parametric correlation tests on vertical distribution for pink

shrimp larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 2

Density estimated Rank of Density estimated Rank of Difference Squares of
Sample from original ““500 Xi from “extensive Yi in ranks differences
Depth, orgariish -aliguot resort” subsample ) ()

(m) (i) (i)

10 0 3 160 2 1 1
30 0 3 361 3 0 0
50 0 3 566 5 2 4
70 0 3 468 4 1 1
90 0 3 140 1 2 4
Test: Ho:  x and y are independent, i.e., there is no correlation between subsamples. Zdi? =10

Ha: x and y are dependent, 1.e., there is correlation or association.

Test Statistic: t-= rsmy:('%s)z, ~ student’s “t” with N-2 degrees of freedom

Calculations:

L

Rejection Rule: Reject Ho ift > t N?ZS D= 3,182
20
- dj?
=1-6z 8-
] 1:10N -N
-1 . 6(10
1- 1555
=1 - $% = 0.500

t

Conclusion:

= 0.5%:1.00} 3.182

Fail to reject Ho. These subsamples are not correlated.



Table A-19.--Spearman rank non-parametric correlation tests on vertical distribution for

shrimp larvae in the Kiliuda Bay area of Kodiak Island, 1978.

pink

66¢

Cruise 3
Density _estimated Rank of Density es ti mated Rank of Difference Squares of
sample  from original “500 X5 from “extensive i in ranks differences
Depth, organism” aliquot resort” subsample (d;) )
Q) i) i)
10 0 2 70 3 1 1
30 7246 5 632 5 0 0
50 158 4 90 4 0 0
70 0 2 30 2 0 0
90 0 2 10 1 1 1
Test: Hy: X and y are independent, i.e., there is no correlation between subsamples. Edi’ =2
Ha: X and y are dependent, 1.e., there 15 correlation Pr association.
Iest Statistic: t = r -fr§f ~ swdents *t"win N-2 degrees of  freedom
Rejection Rule: Reject Ho if t > t &?;5 ; 13" = 3.182
Calculations:
90
di?
re=1-6% =
s 1=10 N -N
=1 - 6 2_
= - .12_ =
170 0.90

t=0.90 m-:”-g,-= 3.576 > 3.182

Conclusion: Reject HO. These subsampl es are correlated.
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Table A-20.--Spearman rank non-parametric correlation tests on vertical distribution for pink
shrimp larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 4

Density estimated Rank of Density estimated Rank of Difference Squares of
Sample from original “500 Xi from “extensive Y; in ranks differences
Depth;  organism” aliquot resort” subsample (di) @)
(m) (i) (fi )
10 166 5 1760 5 0 0
30 0 2.5 130 4 15 2.25
50 0 25 27 2 0.5 0.25
70 0 25 4 1 1.5 2.25
90 0 25 33 3 0.5 0.25
Test: H, Xand y are independent, i.e., there is no correlation between subsamples. zd;* = 5.00

Test Statistic:

Rejection Rule: Reject Ho if t> t N?ZS o
Calculations:
90 d;"
rg = l1-6Z N -
1=10 N
.. 8(5)
1 - 1255

“a: x and y are dependent, i.e., there is correlation or association.

30 .
1 - 395 = 0.750

t = 0.750 V‘l—_':’?‘g!—' 1.965 } 3.182

Conclusion:™” fai 1 to reject Hy. These subsamples are not correlated.

N-2
t=rs 1?('Fs)t ~ student’s “t” with N-2 degrees of freedom

= 3.182
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Table A-21.--Spearman rank non-parametric correlation tests on vertical distribution for pink
shrimp larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 5

Density estimated Rank of Density estimated Rank of Difference Squares of
Sample from original “500 Xi from “extensive Y; in ranks differences
Depthi organism” aliguot resort” subsample (i) (d*)
(m) (xi) (i)
10 D 3 64 4 1 1
30 0 3 20 2 1 1
50 0 3 20 2 1 1
70 0 3 20 2 1 1
90 0 3 718 5 2 4
Test: Ho:  x and y are independent, i.e., there is no correlation between subsamples. zd;* = 8.00

Ha; x and y are dependent, i.e., there is correlation or association.

Test Statistic: t-rg VI-EE% ) ~ student’s “t” with N-2 degrees of freedom
s
975 975

Rejection Rule: Reject Hy if t > t y'n” ; € = 3.182
Calculations:
Correction for ties - Tx - T’{;—'T&=5—:i—;2§=‘+;;:2= 10; Ex ‘5:1:7" - Tx =E{’—%§- 10=0
e Tp-T, _3¥-3 _27-3 N -N 125-5
y=¥=T7 =17 "8 =7 -Ty="J7-2=8
r = 2x’+2‘.£-£djz - 0+8-8 _ 0
S 29dnf 2Vo -8

t=ofr% =0 3.8

Conclusion: Fail to reject Ho. These subsamples are not significantly correlated.
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Table A-22.--Spearman rank non-parametric correlation tests on vertical distribution for pink
shrimp larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 6

Density estimated Rank of Density estimated Rank of Difference Squares of
Sample  from original “500 Xi from “extensive Y; in ranks differences
Depth;  organism” aliquot resort” subsample (dy) (d5?)
(m) (xi) (yi)
10 0 3 3 1 2 4
30 0 3 10 2.5 15 2.5
50 0 3 41 5 2 4
70 0 3 10 2.5 1.5 2.25
20 0 3 36 4 1 1
Test: Hy:  x and y are independent, i.e., there is no correlation between subsamples. zd;? = 13.50

Ha: x and y are dependent, i.e., there is correlation or association.

Test Statistic: t= N-2 P ~ student’s “t” with N-2 degrees of freedom
Test Statist =)

.975 -975

Rejection Rule: Reject Ho if t > t g2 ; 13 = 3.182
Calculations:
3 _ 3 _ - 3
Correction for ties - T,= TLI_;X_= 21’2§= %§= 10; Zx* = ﬂﬁﬂ- Ty = 1—125-5‘5- 10=0
_ Ty -Ty _3-3 _27-3 _ . _N-N _ 125-5 a
We"T2 "1z "1z LW =Tz -l -2=8

. IX4ny!-Tdy? _ 048-13.5 _ 0
S 24zdezy 2108

N 3-
= 04‘1':0—= 0 ¥ 3.182

r

Conclusion: Fafilto reject Ho. These subsamples are not correlated.
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Table A-23,--Spearman rank non-parametric correlation tests on vertical distribution for pink
shrimp larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 7
Density estimated Rank of Density estimated Rank of Difference Squares of
Sample from original “500 X'i from “extensive Y, in ranks differences
Depth, organism” aliquot resort” subsample (di) (diz)
(m) (x4) (r4)
10 1 3 16 5 2
30 0 3 4 2 1
50 0 2 14 4 1
70 0 3 12 3 0
90 0 3 -- 1 2
Test: HO: x and y are independent, -‘i.e., there is no correlation betweensubsamples. zdi2 10.00
Hg? x and y are dependent, i.e., there is correlation or association.

N-2
Test Statistic: t= rsM‘(rgy‘ ~ student's “t” with N-2 degrees of freedom

Rejection Rule: Reject Ho if t > t &?;5 st = 3182

Calculations:
90

_ Vap
s = 1}-:10F‘4 -N

10

=1 - 35 ¢

125-5
-0.917

i 3
t 0.917%;—9177-3.97@ 3.182

Conclusion: Reject Ho. There is correlation between these subsamples.
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Table A-24.--Spearman rank non-parametric correlation tests on vertical distribution for pink
shrimp larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 8
Density estimated Rank of Density estimated Rank of Difference Squares of
Sample from original “500 Xi from “extensive Y, in ranks differences
Depthi organism” aliguot resort” subsample (i) @)
(m (xi) (i)
10 0 3 0 1.5 15 2.25
30 0 3 0 1.5 15 2.25
50 0 3 3 3 0 0
70 0 3 13 5 2 4
90 0 3 7 4 1 1
Test: Ho.  x and y are independent, i.e., there is no correlation between subsamples. zdi* = 9.50

Ha: x and y are dependent, i.e., there is correlation or association.

C . I N-
Test Statistic: t = rgln%% ) ~ student’s “t” with N-2 degrees of freedom
S

- 42975 _
Rejection Rule: Reject Ho if t > t r"f"275 ’ t3 = 3.182

Calculations:
Correction for ties T ;lx';—;;“= 5:1%—55 = %‘i = 10; 22 = N,IEN - Ty —12?;’ -10=0
1, - ST B2 B2 o5 5y SEN -0
o= }:Li;{__ﬁ;_idg . 049.5-9.5 _ o
S 24zlezy 24095
-A3

t=04ypg=07r3.18

Conclusion: Fai 1 to reject H0O. There is no correlation between these subsamples.
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Table A-25.--Spearman rank non-parametric correlation tests on vertical distribution for pink
shrimp larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 9

Density estimated Rank of Dens i ty estimated Rank of Difference Squares of
Sample from original “500 X5 from “extensive \F in ranks differences
Depth, organism” aliquot resort” subsample (di) )

(m) {x) (Yi)

10 0 3 0 2.5 0.5 0.25
30 0 3 0 2.5 0.5 0.25
50 0 3 6 5 2 4.00
70 0 3 0 25 0.5 0.25
90 0 3 0 25 0.5 0.25
Test: H.: Xand y are independent, i.e., there is no correlation between subsamples. zdii = 5.00

Hy:  x and y are dependent, i.e., there is correlation or association.
Test_Statistic: t=r (2 s+~ student’s “t” with N-2 degrees of freedom
—_— sh=Try)

Rejection muie  Reject Ho ift > t 3030 t97° = 3182

Calculations:

- - N*-N
Correction for ties -TX-I"ITT‘-%%='1‘%%= 10; ==z - T,= 112“-—10 =0

Ty’ -T 4£-4 60 . N -N 125-5 _
R el aE AR TRl rabl M b R R

IX+Ey -Fdyr  0+5-5

r. = & ——a—x ()

S 24id.-zy 20 -5
1’3
t=0\VT-U=0 7 3.182

Conclusion: Fail to reject Ho. There Is no significant correlation between these subsamples.
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Table A-26.--Spearman rank non-parametric correlation tests on vertical distribution for pink
shrimp larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 1-9
Density estimated Rank of Density estimated Rank of Difference Squares of
Sample from original “500 X4 from “extensive ¥y in ranks differences
Depth, organism” aliquot resort” subsample @) (di’ )
(m) x) (yi )
10 21 Y 2 272 5 3 9
30 846 5 130 4 1 1
50 18 1 84 2 1 |
70 122 4 64 1 3 9
90 118 3 106 3 0 0
Test: HQ: x and y are independent, i.e., there is no correlation between subsamples. Idi' = 20.00
Ca x and y are dependent, l.e., there Is correlation or association.
Test  Sfistic:  t = g —_—?Fs). ~ sudents " with N-2 degrees of freedom
Rejection Rule: Reject Ho if t> t N?;S ; t§975 = 3.182
Calculations:
90
1. 6(zdg2)
‘s © 1210
N -N
_ . 620
=1- 1255

Conclusion: Fall to reject Hgp These subsamples are not correlated.

1/ Mean density per 1000 for Cruises 1-9.
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Table A-27 .--Spearman rank non-parametric correlation tests on vertical distribution for
bumpy shrimp larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 1
Density estimated Rank of Density estimated Rank of Difference Squares of
from original “500 X§ from “extensive Yi in ranks differences
Depth organism” aliquot resort” subsample (di) (d' )
(m) (xi) (yi)
10 0 2.5 156 5 2.5 6.25
30 0 2.5 0 2.5 0 0
50 185 Y 5 0 2.5 2.5 6.25
70 0 2.5 0 2.5 0 0
90 0 2.5 0 2.5 0 0
_ _ Idi?=12.50
Test: Ho: x and y are independent, i.e., there isnocorrelation between subsamples.

Ha: X and y are dependent, f.e., there is correlation or association.

Test sStatistic: t = r, P2 ¢ ™ student's “t” with N2 degrees of freedom
sioirs)” 2c 975
X o

Rejection Rule: Reject Ho if t N-2 ‘3’ =3.182

Calculations:

==
3

[
=
-
N
(3,1
(3,

Te-Tx  4*-4 60

Correction fortes- 7 ,=712 =717 =12 =5 ¢ =73 -T,="17 -5=5
Ty -Ty _4-4 60 _ NN o 1255,
y=T17 "1 "W Tz -Ty="17 -5=5

Ix? +Ty?-Xdi?_ 5+5- 12.5 _2 5
2 YIxi-1y 2 Y25 10

3
t = -.250\[T— g3 = -0.447 } 3.182

Conclusion: Fail to reject Ho. These subsampl es are not correlated.

rg -

1/ Number of larvae per 1000 .
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Table A-28.--Spearman rank non-parametric correlation tests on vertical distribution for
bumpy shrimp larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 2

Density estimated Rank of Density estimated Rank of Difference Squares of

from original “500 X4 from “extensive ¥q in ranks differences
Depth organism” aliquot resort” subsample (dy) (d)
(m {x4) (yi)

i
10 0 3 0 25 0.5 0.25
30 0 3 0 2.5 0.5 0.25
50 0 3 16 5 2.0 4.00
20 0 3 0 25 0.5 0.25
90 0 3 0 25 0.5 0.25
] ] ] ] Zdi*=5.00

Test: Hp: x and y are independent, i.e., there is no correlation between subsamples.

Ha: x and y are dependent, i.e., there 1§ correlation or association.

Test Statistic: t = rslé%%gz ~ student’s “t” with N-2 degrees of freedom

) .975 .975
Rejection Rule: Reject hoif t > ty 5 ; t39 =3.182

Correction for ties - T.. 3§ I-Tx - 5°-5 . 125-5- 4. 5, - N-N =10 - 10 =
Y o2 P T, =10-100

T, =xT@-Ty =8-4_.60.5 52 -N-N_1 -19-5=5
y 1 ™ 12 Y v Y

. IXEHEY? -Bdi2 | Q455 _

2 (Xt gy’ 2 \Jo.5
=N
t= ‘Y T-rer -Ovo =07} 3.182

Conclusion:™ Fail to reject Ho. There is no correlation between the subsamp) es.
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Table A-29.--Spearman rank non-parametric correlation tests on vertical distribution for
bumpy shrimp larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 3
Density estimated Rank of Density estimated Rank of Difference Squares of
from original “500 Xj from *“extensive ¥4 in ranks differences
Depth organism” aliquot resort” subsampl e {d;) {d¢*)
(m (xi) (Yi)
10 0 3 20 5 2.00 4.00
30 0 3 0 2 1.00 1.00
50 0 3 0 2 1.00 1.00
70 0 3 4 4 1.00 1.00
90 0 3 0 2 1.00 1.00
zd12=8.00
Test: Ho: x and y are independent, 1.e., there 1$no correlation between Subsamples.
Ha: x and y are dependent, l.e., there is correlation or association.

Test Statistic: t=rg lej—('%-s)z ~ student’s “t” with N-2 degrees of freedom

.975 ;
Rejection Rule: Reject Ho if t > tN?Z ; t3975 =3.182

Calculations:
3
Correction for ties - T, = ¢ 1&-Tx - 5-5_ 120, 10; 2 = NN

X 12 12 12

e Iy3-Ty _ 3-3 273
Ty =271 =717 =2 = -1

125-5 S 10 0 e
HF2-10=10-10=0
10-2=8

Conclusion: Fail to reject Ho. There isno correlation between subsamples.
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Table A-30.--Spearman rank non-parametric correlation tests on vertical distribution for
bumpy shrimp larvae in the Kiliuda Bay area of Kodiak Island, 1978.

t=of3- 038

Conclusion: Fail to reject Ho, there

1/ estimated number per 1000 m’ .

is no correlation.

Cruise 4
Density _e_stimated Rank of Density est imated Rank of Difference Squares of
from original *“500 X{ from “extensive ¥i in ranks differences
Depth organism” aliquot resort” subsampl e (di) (4t)
(m (x) (i)
10 10554/ 5 79 2 3 9.00
30 0 2.5 97 4 1.5 2.25
50 0 25 11 1 15 2.25
70 0 2.5 82 3 0.5 0.25
20 0 25 203 5 25 6.25
. . . £d;?=20.00
Test: Ho: x and y are independent, {.e., there is no correlation between subsamples.
li,: x and y are dependent, i.e., there is correlation or association.
Test Statistic: t= r‘g "5‘252: ~ student’s “t” with N-2 degrees of freedom
. . . X 5,975
Rejection Rule:  Reject Ho if t > ty_2 3 =3.182
Calculations: N
2d 42
o B
rg 1 NN
6(20
=1-125-%5
120 _
1 -9p - 0



119

Table A-31.--Spearman rank non-parametric correlation tests on vertical distribution for
bumpy shrimp larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 5
Density estimated Rank of Density estimated Rank of Difference Squares of
from original “500 Xy from “extensive Yi in ranks differences
Depth organism” aliquot resort” subsample (di) (d'lz)
(m) (x1) (y4)
10 0 2.5 51 4 1.5 2.25
30 47 5 21 3 2.0 4.00
50 0 2.5 82 5 2.5 6.25
70 0 2.5 8 2 0.5 0.25
90 0 2.5 0 1 1.5 2.25
) ) ) ) Ediz= 15.00
Test: Ho: x and y are independent, i.e., there is no correlation between subsamples,

‘a:

x and y are dependent, i.e., there {s correlation or association.

H

Test Statistic: t=r, N_!.—(2§)z ~ student’s “t” with N-2 degrees of freedom

Rejection Rule:

Calculations:

]
—

=1 -

90
120 = 0.250

975 .975

Reject Ho if t > tN-Z . =3.182

_ 3
t = O'ZSOVIT.W 0.447 } 3.182

Loncl ust on:

Fai 1 to reject Hy.

There s no correlation,
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Table A-32.--Spearman rank non-parametric correlation tests on vertical distribution for
bumpy shrimp larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 6
Density estimated Rank of Densi ty estimated Rank of Difference Squares of
from original *500 Xj from “extensive ¥i in ranks differences
Oepth organism” aliquot resort” subsample (di ) (d¢*)
(m) (x4} {¥i)
10 0 25 6 3 0.5 0.25
30 334 Y 5 0 1.5 3.5 12.25
50 262 4 0 1.5 2.5 6.25
70 0 2.5 7 4 1.5 2.25
90 0 2.5 27 5 2.5 6.25
Zdi?= 27.25
Test:

Ho: x and y are independent, i.e., there is no correlation between subsamples.
a: X and y are dependent, i.e., there is correlation or association.

Test Statistic: t = rg ‘—(%s)z ~ student’s “t” with N-2 degrees of freedom

t

.975 9

R R .975
Rejection Rule: Reject Ho if t >ty » ; tq =3.182

Calculations:

6(27.25 163.5 _
SELBL - 15 - 0363

=1
- 2
-0-363¢-};(:3:§g§7r = -0,591 } 3.182

Conclusion: Fail to reject Hy. There is no correlation.

_1_/ Number of organisms per 1000 m.
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Table A-33.--Spearman rank non-parametric correlation tests on vertical distribution for
bumpy shrimp larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruises 7-12 —_ no organisms found at any depth in either subsamples.
Cruises 1-6 combined.

Density estimated Rank of Density estimated Rank of Difference Squares of

from orfginal “500 X4 from “extensive v{ in ranks differences
Depth organism” aliquot resort” subsample (di) (4 )
(m) (X‘) (.Y{)
10 176 1/ 5 52 5 0 0
30 64 3.5 20 3 0.5 0.25
50 68 3.5 18 2 15 2,25
70 0 15 16 1 0.5 0.25
90 0 15 41 4 25 6.25

£di?=9.00

Test: Ho: x and y are independent, i.e., there is no correlation between subsamples.

<q- X and y are dependent, l.e., there is correlation or association.
Test Statistic: t =, ';‘h('%§)1 ~ student’s “t” with N-2 degrees of freedom

v . 975
Rejection Rule: Reject Ho if t > t:j; Pty =3.182
. N
Ca]cu1at10ns.6:d1,
i=10

_ 6(9) _ 54
=1-§gt -1 -y - s

- N-2 i3
t=rs l-rsz = .550 1-.303 = 1.141 ¥ 3.182

Conclusion: Fafl to reject Ho. The subsamples are not correlated.

1/ Mean density per 1000 @ for cruises 1-6,
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Table A-34.--Spearman rank non-parametric correlation tests on vertical distribution for red
king crab larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 1
Density estimated Rank of Density estimated Rank of Difference Squares of
from original “500 x.' from “extensive -yf in ranks differences
Depth organism” aliquot resort” subsample (di) (diz)
(m) (xy) (¥1)
10 0 3 323l 5 2 4.00
30 0 3 0 2.5 0.5 0.25
50 0 3 0 2.5 0.5 0.25
70 0 3 0 2.5 0.5 0.25
90 0 3 0 2.5 0.5 0.25
Zdg? = 5.00
Test: Ho: x and y are independent, i.e., there is no correlation between subsamples,
Ha: x and y are dependent, i.e., there is correlation or association.
Test Statistic: t rg ':‘—E%s)z ~ s;iient’s 97t5 with N-2 degrees of freedom
Rejection Rule: Reject Ho if t )'tN_z ; tj =3.182
Calculations:
Correction for ties - 1T=4;TXS'TX)%7§—: 125-5 _ . jg; m N - - 2835 19-9
12 1 12 12 X 12

= T -T - _—_.43-4 = 6_0. = . 2 = N’-N = - =
=zl 55090 =LA 1 -10-5-5

S IX4Ey -Td  _ 045-5 _
52 9zd-zy 240.5

3
t= OVW-‘- 0¥ 3.182

Conclusion: Fail to reject Ho. The two types of Subsamples are not correlated for king crab larvae during Cruise 1.
1/ Number of larvae per1000 m.
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Table A-35.--Spearman rank non-parametric correlation tests on vertical distribution fOr red
king crab larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 2
Density estimated Rank of Density estimated Rank of Difference Squares of
from original *“500 Xq from “extensive Yi in ranks differences
Oepth organism» aliquot resort” Subsample (di) (djz)
(m) (x4) (y1)
10 0 2 23 3 1 1
30 286 5 100 5 0 0
50 95 4 65 4 0 0
70 0 2 19 2 0 0
90 0 2 0 1 1 1
miz: 2.00
Test: Ho: x and y are independent, i.e., there is no correlation between subsamples.
Ha: x and y are dependent, i.e., there is correlation or association.
- N-2 R
Test Statistic: t _re ~ student’s “t” with N-2 degrees of freedom
—_— - S-S ) 9

_ _ nz 975
Rejection Rule: Reject Ho if t > tN.z's; <3 =3. 182

Calculations:

6(2
re=1 -8B, 88 .0 510 -0.90

t=.90 "13/1-0.81 = 3.576 > 3.182

Conclusion: There is correlation between two types of subsamples,
Reject Ho.
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Table A-36.--Spearman rank non-parametric correlation tests on vertical distribution for red
king crab larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 3
Density estimated Rank of Density estimated Rank of Difference Squares of
from original “500 X4 from “extensive yq in ranks differences
Depth organism” aliquot resort” subsample (d‘[) (d'lz)
(m) (xq) (Yi)
10 0 3 161 5 2 4
30 0 3 44 4 1 1
50 0 3 12 3 0 0
70 0 3 4 2 1 1
90 0 3 0 1 2 4
di! = 10.00
Test: Ho: x and y are independent, i.e., there is no correlation between subsamp1es.

(q: X and y are dependent, i.e., there is correlation or association.

Lt VN:2 .
Test Statistic: t =, ; A student’s “t” with N=2 degrees of freedom
—_— ; §"‘(_ 2
" rs)

.975 975

Rejection Rule: Reject Ho if £ > tN-Z s t3 =3.182

Calculations:

62dj? 6(1
= 1- e = 1- 350 L g 5

3
- 0-50 'ml.oof 3.182

Conclusion: Fail to reject Ho. There is no correlation between the two subsamples.
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Table A-37.--Spearman rank non-parametric correlation tests on vertical distribution for red
king crab larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 4

Density estimated Rank of Density estimated Rank of Difference Squares of

from original *“500 X4 from “extensive A2 in ranks differences
Depth organism” aliquot resort” subsample i) di*)
(m) (xi) (Y{)
10 0 2.5 0 1 1.5 2.25
30 0 2.5 119 5 0.5 0.25
50 30 5 8 4 1.0 1.00
70 0 25 4 25 0 0
90 0 25 4 25 0 0

Ed12= 3.50

Test: Ho: X and y are Independent, i.e. , there is no correlation between Subsamples.

Ha: x and y are dependent, {.e., there is correlation or association.
Test Statistic: t =, 1N7§ ), v student’s “t” with N-2 degrees of freedom

L 975 975
Rejection Rule: Reject Ho if t>t;q_2 Dt =3.182
Calculations:
R T3-T .
-orrection for ties -Tx:x—=-4——i"—6—0- =5;EXZM-T)(: 10-5=5
1 2 12 12 12
T M.—_L-':-=-'L—=05 Zy’ —*N:-':!— 10-0.5=9.5
PRI I TTREU T = plhs -0.5=9.

EX+Ey? -Edi? _ 5+9.5-3.5

= = === (.798

"s T 2 fEdezy 2 Ya7.5

- N-2_
t "SVI-rsz 0.80‘\{—1-_7_—33574 2.294,3.,82

Conclusion: Fail to reject Hg No correlation for Cruise 4.
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Table A-38 .--Spearman rank non-parametric correlation tests on vertical distribution forred

king crab larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 5
Cruises 6-12 - No catches either subsample -- Correlation

Density estimated Rank of Density estimated Rank of Difference Squares of

from original *500 X4 from “extensive 7] in ranks differences
Depth organism” aliquot resort” subsample (dy) (di*)
(m) (x{) (¥1)
10 3813 5 17357 5 0 0
30 24 4 24 4 0 0
50 0 25 1 2 0.5 0.25
70 0 25 6 1 1.5 2.25
90 0 2.5 12 3 0.5 0.25

_ _ _ _ Id*= 2.75

Test: Ho: xand y are independent, i.e., there is no correlation between subsamples.

Hat xand y are dependent, i.e., there is correlation or association.

N-2

Test Statistic: t = ~ student’s “t” with N-2 degrees of freedom
—_— O o rs _(__ rs)z i s g
Rejection Rule: Reject Ho if 't )&N-Z't3 =3.182

Calculations:

. 65dir _ 6(2.75) _
rs = 1 - NJ 'N = 1 - 120 = 0-863

N-2 V 3
_ [ — —_
t =rg h""s’ = 0.86 1,74 2.954 ¥ 3.182

Conclusion:  Fail to reject H . No correlation between subsamples for cruise 5.
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Table A-39.--Spearman rank non-parametric correlation tests on vertical distribution for

king crab larvae in the Kiliuda Bay area of Kodiak Island, 1978.

red

Cruise 1-5 combined

1/ Mean density per 1000 m for cruises 1-5.

Density estimated Rank of Density estimated Rank of Difference Squares of
from original *“500 Xj from “extensive ¥y in ranks differences
Depth organism” aliquot resort” subsample {dg) (d*)
(m) (xq) {y{)
10 953 v 5 4466 5 0 0
30 78 4 72 4 0 0
50 31 3 24 3 0 0
70 0 15 8 2 0.5 0.25
Q0 0 15 4 1 0.5 0.25
Idi*= 0.50
Test: Ho: x and y are independent, i.e., there is no correlation between subsamples.
‘a: X and Yy are dependent, i.e. , there 15 correlation or association.
Test Statistic: t =;l§"f:(%§)1 ~ s;udent's 9;5 with n-2 degrees of freedom
Rejection Rule: Reject Ho if t > tN_275; t3 =3.182
Calculations:
Zdq? 6(.5
ro o1 - SR L 8LD) L 075
, VN_Z__ 1/ 3.
t=rg T-rgt = 0.97% 1-.951 ° 7.600 > 3.182
Conclusion: Reject H . There 1s correlation between the Subsamples when the data for several cruises are combined.
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Table A-40.--Spearman rank non-parametric. correlation tests on vertical distribution for
bairdi Tanner crab larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 1 -- No catches in either subsample. Correlation--yes.

Cruise 2
Density estimated Rank of Density estimated Rank of Difference Squares of
from original ®500 Xj from “extensive Yi in ranks differences
Depth organism” aliquot resort” subsample {dy) @di’)
(m) (xi) (i)
10 0 2 23 2 0 0
30 143y 5 133 5 0 0
50 95 4 33 3 1 1
70 0 2 19 1 1 1
90 0 2 47 4 2 4
. ‘-an2= 6
Test: Ho: xand y are independent, e., there is no correlation between subsamples,

i.
«3- X and y are dependent, i.e., there is correlation or association.
Test Statistic: t = %1-_-("';25 y ~ student’s “t” with N-2 degrees of freedom
°38 .97k 975
Rejection Rule: Reject Ho if t )tN_Z ; t3 =3.182
Calculations:
62d 2 b(6
rs - 1= o= 1- 126 = o0

i
t= 0'70‘LT:)—?T9-= 1.70 } 3.182

Conclusion: Fai 1 to reject H,. No correlation between subsamples.

1/ Number per 1000 m*,
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Table A-41.--Spearman rank non-parametric correlation tests on vertical distribution for
bairdi Tanner crab larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 3

Density estimated Rank of Density estimated Rank of Difference Squares of

from original “500 O from “extensive ¥4 in ranks differences
Depth organism” aliquot resort” Subsample {d¢5) (d1:)
(m) (xi) (Yi)
10 0 3 123 v 5 2 4
30 0 3 131 4 1 1
50 0 3 12 1 2 4
70 0 3 16 2 1 1
90 0 3 17 3 0 0

_ £dy* = 10.00

Test: Ho: x and y are independent, 1.e.,there is no correlation between subsamples.

‘

a.

x and y are dependent, i.e., there is correlation or association.

Test Statistic:t o r%’l_".s), ~ student’'s “t” with N-2 degrees of freedom

. . i . .975 .975
Rejection Rule: Reject Ho if 't >tN_2;t3 =3.182

Calculations:

62di? 6(10
5= 1- o1 S - 0k

5
t= 0.50 |5 =1.00 ¥ 3.182

Conclusion: Fail to reject HO. No correlation between Subsamples,

1/ Number of larvae per 1000 M.
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Table A-42.--Spearman rank non-parametric correlation tests on vertical distribution for
bairdi Tanner crab larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 4
Density estimated Rank of Density estimated Rank of Difference Squares of
from original “500 X§ from “extensive Yi in ranks differences
Depth organism” aliquot resort” subsample (dy) (d4?)
(m) (xq) (vy)
10 792 Y 4 2101 4 0 0
30 2837 5 4337 5 0 0
50 60 3 30 3 0 0
70 0 1.5 16 2 5 .25
90 0 1.5 1 1 5 .25
£d4*=0.50
Test: Ho: x and y are independent, i.e., there is no correlation between subsamples.
<q- X and y are dependent, i.e., there 1is correlation Ofr association

Test Statistic: t Y‘5k|11§%s)2 ~ student’'s “t" with N-2 degrees of freedom

975 .975
Rejection Rule:  Reject Ho if t >3N-2;t3 =3.182

Calculations:
1 6Zdi® _ 6(0.5
-m__l_ 1

[3

t=20.98 b?:?§5'=7'65 > 3.182

rs = 0.98

Conclusion: Reject Ho. There is correlation between the Subsamples.

_1_/ Number of larvae per 1000 m
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Table A-43.--Spearman rank non-parametric correlation tests on vertical distribution for
bairdi Tanner crab larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 5

Density estimated Rank of Density estimated Rank of Difference Squares of

from original *500 Xj from “extensive Yi in ranks differences
Depth organism” aliquot resort” subsample (di ) (diz)
(m) (xi) {¥i)

1l
10 166 5 1736 5 0 0
30 24 4 47 4 0 0
50 0 2 23 3 1 1
20 o] 2 6 2 0 0
90 0 2 0 1 1 1
Id i2= 2.0

Test: Ho: x and y are independent, i.e., there is no correlation between subsamples.

Ha: x and y are dependent, i.e. , there is correlation or association.

Test Statistic: t rSivl-"!i%s)' ~ student’s “t” with N-2 degrees of freedom

L ' . >t . 970
Rejection Rule: Reject Ho if t N-2 ; 3 =3.182

Calculations:

i 2
6xdiz _ 6(2)
re=1-Won 1 - 7120 =0.90

"{ 3
t c D‘lQDl DO -674 >3-182

Conclusion Reject Hge There is correlation between subsamples.

1/ Number of larvae per 1000 m*,
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Table A-44.--Spearman rank non-parametric correlation tests on vertical distribution for
bairdi Tanner crab larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 2-5 combined.

Density estimated Rank of Density estimated Rank of Difference Squares of
from original “500 X{ from “extensive ¥{ in ranks differences

Depth organism” aliquot resort” subsample (d;) {4*)

(m) (x4) ¥)

10 240 Y/ 4 1146 4 0 0

30 751 5 1162 5 0 0

50 39 3 25 3 0 0

70 0 1.5 14 1 0.5 0.25

90 0 1.5 16 2 0.5 0.25

zd;*=0.50
Test: Ho: x and y are independent e., there is no correlation between subsamples.

, 1.
«3- X and y are dependent, i.e., there is correlation or association.

f i N-2 ve g yE
Test Statistic: t - r,. A~ student’s “t” with N-2 degrees of freedom
~ESt otdliISth $if=Trs)? g

Rejection Rule:  Reject Ho if t ~ ‘ﬁ@ :‘3'975 =3. 182

Calculations:
zdi?
re= 1- =1 - 803 008

3
t= O.QéVm"s.GB > 3.182

Conclusion: Hgisrejected, correlation between subsamples.

§Y) Mean density per 1000 = for cruises 2-5.
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Table A-45.--Spearman rank non-parametric correlation tests on vertical distribution for
bairdi Tanner crab larvae in the Kiliuda Bay area of Kodiak Island, 1978.

Cruise 6-12
Density estimated Rank of Density estimated Rank of Difference Squares of
from original “500 X§ from “extensive Yi in ranks differences
Depth organism” aliquot resort” subsample (d'i) (d«iz)
(m) (xi) (Yi )
10 0 3 0 3 0 0
30 0 3 0 3 0 0
50 0 3 0 3 0 0
70 0 3 0 3 0 0
90 0 3 0 3 0 0
rdi?= O
Test: Ho: X and y are independent, i.e., there is no correlation between subsamples. i
q: X and y are dependent, i.e., there is correlation or association.
Test Statistic: t = r;ll‘@’-(‘és), ~ student’s “t" with N-2 degrees of freedom

7=
Rejection Rule: Reject Ho if t >'%N-2; ‘3975 =3.182

Calculations:

Zd 2
re=1- %r_—]—= 1.0 = correlation
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