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USING OREGON TRAWL LOGBOOKS TO STUDY SPATIAL AND
TEMPORAL CHARACTERISTICS OF COMMERCIAL
GROUNDFISH SPECIES ASSOCIATIONS

INTRODUCTION

Because of the nonselective characteristics of trawl gear, and because various fish
species occur together, the demersal trawl fisheries along the west coast of the United
States are multispecies fisheries. The fishery management scheme in this region, however,
is based on single-species stock assessments that do not account for the complex
multispecies characteristics of the demersal fish community (Gabriel 1982; Pimm and
Hyman 1987). The nonselective characteristics of trawl gear lead the commercial fishers to
discard the economically valueless fish species that are caught along with the target
species. From a biological point of view, these incidental catches, which often go
unreported, can represent a serious depletion of the noncommercial fish stocks (Pikitch
1988; Pikitch et. al. 1988). For fishery management, the ultimate goal would be to
maintain the production level of commercially targeted species, while protecting other
non-commercial species and maintaining the health of the surrounding environment. In
order to achieve this goal, it is desirable to identify the units of species assemblages and

their spatial and temporal characteristics. In this regard it is important to understand the



conditions under which fish species are consistently caught together, regardiess of

whether the species are economically valuable or not.

To gain the required knowledge and understanding about fish communities, fishery
managers and scientists collect and analyze data from representative samples taken from
the complex system. Samples of fish collected by trawl can be categorized as coming from
research surveys or from the commercial fishery. In theory, data from research surveys
have the merits of being unbiased and coming from random sampling. They also have the
limitations of coming from a fixed sampling season and consisting of small sample
numbers. In contrast, data from the commercial fishery have the merits of year-round
sampling and enormous numbers of samples, but the limitations of non-random sampling.
A third category of information is sometimes available from so-called observer programs,
in which trained observers are placed aboard commercial fishing vessels to estimate and
record the catch of fish species (Rogers and Pikitch 1992). Data from observer programs
are generally more accurate and detailed than the data collected from the commercial
fishery, but the tow locations, trawl gear, and timing of the samples are not controlled as

in a research survey.

The National Marine Fisheries Service (NMFS) since 1977 on a triennial basis has
conducted standardized bottom trawl surveys along US west coast over the continental
shelf and upper slope off California, Oregon, and Washington. These surveys provide
sound sampling data for estimating the abundance and describing the spatial distribution of

fish stocks (Gunderson and Sample 1980). Several studies have used data derived from



the NMFS surveys to define demersal fish assemblages off northeastern Pacific ocean
(Gabriel and Tyler 1980, Gabriel 1982, Weinberg 1994, Jay 1996a). However, even
though survey data are collected randomly using a consistent gear type, vessel size, and
towing duration and speed, because of budget limitations the survey is conducted on a
triennial basis and only during the summer months. Thus, analyses for highly mobile
organisms such as fishes can be quite variable. Also, seasonal variation in the spatial
pattern of species composition cannot be investigated. Furthermore, the spatial scale in
these surveys is limited because the survey is only conducted in the depths ranging from
30 to 200 fathoms (55-366 meters). If fishing substantially occurs in shallower or deeper
than the survey depth range, the survey data would not accurately reflect the actual fish
community that is under fishing pressure and subject to disturbance. Survey data
nevertheless provide the least biased view of bottom fish abundance and distribution for
fishery ecologists and resource managers seeking to examine biological and management

issues.

Logbook data obtained from commercial trawl vessels do not suffer the same
limitations as survey data. The trawl logbooks contain year-round sampling records and
replicate observations covering a large geographic area. The Oregon trawl logbook data
mostly cover the area off Washington and Oregon (latitude 41°- 48°), over depths ranging
from a few fathoms up to 560 fathoms (Figure 1). Fishermen are legally required to record
in the logbooks their estimates of the total weight of the retained catch (called “hails”) for
each species or group of species from each tow, along with other information such as

fishing location, gear type used, and tow duration. However, problems can arise when
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Figure 1. Map of the study area with tow locations from a 10% sample of 1991
logbooks.



using logbook data. Because these data are collected from the commercial fisheries, they
do not represent random sampling in space and time. Also, the total weight and species
composition of the catches are visually estimated by the skippers and therefore may not be
accurate or consistent. Furthermore, while the research survey adopts a standardized
sampling strategy with one gear type, the commercial fishery uses numerous gear types
and fishing strategies that are possibly different from tow to tow or from trip to trip
(Sampson et. al. 1997). Tow speed and duration are different between the survey and
logbook data. The NMFS bottom trawl survey samples fishing locations using a consistent
tow speed and duration, 3 nautical miles per hour (5.6 Km/hour) for 0.5 hour duration,
thus the distance sampled (the sampling unit) can be easily calculated; 5.6 km/hr tow rate
x 0.5 hr tow duration = 2.8 km sampling distance (Gunderson and Sample 1980).
Commercial fishing vessels, however, do not maintain consistent tow speed or conduct
tows of uniform duration. Long tows, which might last more than 12 hours and cover a
path of 20-30 nautical miles (37-55.6 km), can result in the integration of several species
or assemblage patches. Thus, commercial catch data may be too crude to evaluate
biological or physical processes associated with fine-scale spatial distribution. Limited
species resolution is another deficiency associated with using logbook data. Fish
representing 53 families and 180 species, including more than 33 rockfish species
(Sebastes spp.), were caught within the study area during the bottom trawl surveys, but
only about 30 species or species group (market categories) are routinely recorded in the

logbooks (Table 1).



Table 1. Species and species groups recorded in Oregon groundfish trawl logbook.

Common name Scientific name
Flatfish
Arrowtooth flounder* Atheresthes stomias
Butter sole Iopsetta isolepis
Curlfin turbot sole Pleuronichthys decurrens
Dover sole* Microstomus pacificus
English sole* Pleuronectis vetulus
Petrale sole* Eopsetta jordani
Rex sole* Glyptocephalus zachirus
Rock sole Lepidopsetta bilineta
Sand sole Psettichthys melnopstictus
Sanddab* Citharichthys spp.
Starry flounder Platichthys stellatus
Miscellaneous flatfish Not identified to species
Rockfish
Miscellaneous rockfish*#
Canary Sebastes pinniger
Bocaccio Sebastes paucispinus
Darkblotched Sebastes crameri
Shortraker Sebastes borealis
Yellowmouth Sebastes reedi
Pacific ocean perch* Sebastes alutus
Small rockfish*#
Yellowmouth Sebastes reedi
Darkblotched Sebastes crameri
Redstripe Sebastes proriger
Sharpchin Sebastes zacentrus
Greenstriped Sebastes elongatus
Thornyhead rockfish*
Shortspine thornyhead Sebastolobus alascanus
Longspine thornyhead Sebastolobus altivalis
Widow rockfish* Sebastes entomelas
Yellowtail rockfish* Sebastes flavidus
Others
Whiting Merluccius productus
Pacific cod* Gadus macrocephalus
Lingcod* Ophiodon elongatus
Sable fish* Anoplopoma fimbria




Table 1. Continued.

Common name Scientific name
Shark
Spiny dogfish Squalus acanthias
Sturgeon Asipenser spp.
Squid Not identified to species
Octopus Not identified to species
Miscellaneous Not identified to species

* denotes15 species that were selected in this study.

# denotes species groups which are not identified into species level in the logbooks. Top 5 possible
species, according to maximum percent contribution to total landing weights in the species groups, are
referred here in descending order (Crone 1995).



Although many problems exist in the logbook data, there are potentially some
major benefits that could be achieved by examining these data. One important advantage
from using the logbook data is that all months of the year are well represented, and data
are available for many years. Seasonal or year-to-year variation cannot be investigated
with the available triennial survey data, but can be investigated with the logbook data. The
massive number of data points, which include replicate observations for many locations,
provide another benefit from using logbook data. During six surveys, spanning the period
1977-1992, data from a total of 2,565 multispecies hauls were collected, but in the 1991
logbook data alone, for example, information from more than 20,000 tows were recorded.
From a statistical view, the bigger sample size associated with the logbook data should
provide a less variable view of the population as compared to the survey data. A summary

comparing the characteristics of logbook and survey data are presented in table 2.

Regardless of the problems, there are some studies that show possible uses of
commercial fishery data to derive ecological information (Hewitt 1980; Tyler et. al. 1984;
Stanley 1992; Rogers and Pikitch 1992; Fox and Starr 1996). In the Hewitt (1980) study,
spatial distributions of English sole were derived from logbooks and successfully used to
study spawning migration. Also, Stanley (1992) found that while factors such as
catchability and vessel horsepower can be statistically significant and affect CPUE trends,
they typically account for only a small portion (5-10%) of the overall variance. Weinberg
(1994) used survey data to define and characterize rockfish assemblages and found them
to be similar to the assemblages reported in Rogers and Pikitch (1992), which used

commercial fishery data collected by observers. A recent study by Fox and Starr (1996),



Table 2. Comparisons of characteristics between survey and logbook data.

Characteristics Logbook Survey

Sampling Frequency Annual Triennial
Sampling Season Year round Summer only
Sampling Depth > 400 fathoms 30 ~ 200 fathoms
Sampling Boat & Gear Various Standardized
Tow Duration Various Fixed at 0.5 hr.

Management Impact Trip limits No impact
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which compared catch rates of five species (Dover sole, English sole, sablefish, yellowtail
rockfish, and thornyheads) between Oregon trawl logbook data and survey data, found

that the logbook data produced a similar pattern of catch rates as the survey data.

Even though these studies show the potential value of using logbook data, it
appears that none of them made extensive use of validation tools to screen out
inconsistent or implausible logbook data. The logbook data collected in Oregon can be
validated by comparing the skippers’ estimates of catch with the actual weight and
composition of what was landed and sold to fish processors. Additional screening
methods, such as checking for consistency between recorded depth and location, can be

used to identify and eliminate questionable data.

The objectives of this study are to investigate species associations for 15 major
commercial species and their spatial and temporal variability using Oregon trawl logbooks.
Temporal as well as spatial scales are important in defining assemblage structure. Research
trawl surveys were designed to describe abundance patterns, not to elucidate the
underlying biological relationships, in which temporal elements may be crucial. Logbook
data, which cover every month for an extended number of years, provide a basis for
assessing interannual and intraannual changes in species assemblages. Knowing how the
variability in assemblage distributions is related to environmental factors should increase

our understanding of changes in fish abundance and community structure.
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MATERIALS and METHODS

Description of logbook and ticket data

Seven years of Oregon trawl logbooks from 1987 to 1993 and their corresponding
fish tickets (landing receipts), collected by the Oregon Department of Fish and Wildlife
(ODFW), were used for this study. Logbooks contain the fishers’ visually estimated
information on retained catch on a tow-by-tow basis, and fish tickets contain actual
poundage of official reported landings of each species on a trip basis. One trip may
consist of several tows. Ticket data were mainly used for validating logbook catch
records. It is a complex problem for an ecological study to use a series of data sets that are
collected in non-standardized sampling manner, in which numerous different vessel types,
gear types, collectors (fishers), and tow durations (fishing efforts) were involved. One
cannot use all of the raw data directly from the logbooks because of their complicated
nature and the non-standard manner of data collection. For the purposes of this study valid
data were selected by using various screening criteria. Thus, it is important to know

detailed information about the logbook data sets prior to setting up any screening criteria.

Fishing gear

There are basic 4 types of trawl gear recorded in the Oregon groundfish
logbooks: generic bottom trawl, bottom trawl with rollers, bottom sole trawl, and mid-

water trawl. Although the fishing gears on a vessel would have different characteristics
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and performance relative to each other, even within the same gear category, the logbook
data files only report the four types gears described above. Total numbers of tows made
by each gear type, as well as the number of active fishing vessels varied year to year
(Table 3). Some fishing vessels are able to switch gear types during a fishing trip at sea.
The gear type, “sole trawl” was selected for this study because the greatest relative
number of tows were made by this gear type. Also, the flatfish species are more likely to
be caught with this gear type and missed by the other bottom gear types (Sampson 1996).
Midwater trawls rarely catch species other than whiting, widow rockfish, and yellowtail
rockfish. In general, the commercial trawl gear types differ in size and construction from
standard Nor’Eastern otter trawl used on the NMFS triennial bottom trawl survey. The
NMES deploys trawl gear equipped with rollers and a 3.2 cm mesh cod-end liner. The
gear and the survey are designed primarily for sampling rockfish (Gunderson and Sample

1980; Weinberg 1994).

Tow duration

Tow duration and speed are fixed at 0.5 hr and 5.6 km/h for the standardized
NMEFS bottom trawl survey. Thus, there are few concerns about variation between tows
due to differences in tow duration. However, tow duration can be problematic in using
logbook data, because tow durations vary considerably in the trawl fishery. Duration can
range from less than half an hour to more than 12 hrs depending upon fishing location
(shallow or deep water), weather condition, season, and target species. Cumulative
distributions of trawl durations by year show that at least 85% of sole trawls are of 8 hrs

tow duration or less (Figure 2). Tows of more than 8 hrs duration were excluded from the



Table 3. Number of active boats and number of tows by gear type, 1987 to 1993.
Only sole trawls were selected for this study.

Year

1987 1988 1989 1990 1991 1992 1993
No. of boats 122 121 127 132 139 143 143
Total no. of tows 16107 19582 25303 21344 30092 25948 29427
Midwater trawl 694 542 621 622 962 2169 1568
Generic bottom trawl 31 495 596 1269 3218 2754 2553
Bottom with roller 3235 5596 7168 7451 9156 7921 10204
Sole trawl 12147 12949 16918 12002 16756 13104 15102
Sole./Total. Percent 75% 66% 67% 56% 56% 51% 51%

13
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analyses because they would have too broad a geographic coverage. Tows of 8 hrs
duration or less sample strips of bottom that are no more than about 12 to 24 nautical
miles (22.4 to 44.4 km) in length. Tow speed, which is not recorded in the logbooks, also
would not be constant from tow to tow. Because of the variable tow duration and speed,
individual tows were assigned to geographic blocks (described below) rather than treating
each haul as a sampling unit. In their analyses of trawl survey data, Jay (1996a, 1996b)
and Bianchi (1991) treated each tow as a sampling unit and used the ‘swept-area’ method
to calculate standardized measure of catch biomass (Gunderson 1993). Gabriel (1982)

used a similar approach but combined three adjacent tows.

Trip limits

The Pacific Fishery Management Council (PFMC) uses ‘trip limits’ as a
management tool for regulating the US west coast groundfish fishing with the objectives
of preventing the overharvest of individual species while maintaining a year-round fishery
(PFMC 1993). Not all of the groundfish species are regulated by trip limits, however.
There were five species or species groups regulated by trip limits in 1987; widow rockfish,
yellowtail rockfish, Pacific ocean perch, sablefish, and the Sebastes complex (all rockfish
except widow and Pacific ocean perch). The deep water species complex (Dover sole,
sablefish, and thornyheads), bocaccio rockfish, and thornyhead rockfish (separately from
the deep water complex) were added in later years. Details of the trip limits regulations

(1987-1993) are summarized in Appendix 1.
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Because different levels of trip limit apply to individual species or groups and
because of the imperfectly selective characteristics of bottom trawl gears, fishers
sometimes catch more than allowed by the trip limits and subsequently discard the excess
catch at sea. Other factors that can result in discarding include unmarketable sizes of fish,
low prices, and no market demand (Pikitch et. al. 1988). As a fishing season progresses
and the cumulative landings of a species approaches the annual quota, levels of trip limits
are also subject to change, possibly to the early closure of the fishery for a certain species.
In this case, fishers are not allowed to land the particular species and catches of this
species would be discarded at sea and recorded in the logbooks as zeros, despite actual
catches occurring. The fishery for sablefish, for example, was closed in October 22, 1987,
and there are no logbook records of sablefish catches later in the year. Here is another
possible scenario to illustrate how trip limits could contaminate the data reported in the
logbooks. If a fisher had already caught his or her trip limit for a given species, subsequent
catches of that species would be discarded and recorded in the logbooks as zeros. Those
zero catch records should not be treated as real zero catches. Logbook records may be
greatly influenced by trip limits. Fishing trips that were influenced by trip limits may give a

biased view of the catch rates and the spatial distribution of the fish.

Description of data screening procedures

Oregon trawl logbook data and fish ticket data were obtained from the Oregon
Department of Fish and Wildlife (ODFW) in the form of computer database files. The files

were processed and screened using database management programs (example in Appendix
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2) developed under the system known as Foxpro for Windows, version 2.6. It was
necessary to screen out questionable data from logbooks because the reported catch

weights were visually estimated by the fishermen, and because catches of some species

were regulated by trip limits.

There were a number of basic steps to screen the initial tow data and prepare them
for the subsequent analyses (Figure 3). In step (1) the estimated retained catches from the
logbooks were matched with the official weights of landed catch from the fish tickets for
each species, based on boat and return date of a trip. In step (2) the ratio (R) of the sum of
the hailed weight over the landed weight for each species was calculated on a trip basis
(R = X hailed weight / landed weight, where the summation is for all tows in a trip). In
step (3) logbook data for a trip were accepted for further analysis if the ratio R fell into
the acceptable range (R = 0.6 ~ 1.1). Ideally the ratio R would be 1 if the estimate of the
retained catch for a given species was perfectly accurate. In step (4) trips were identified
that reported catching more than 90% of the trip limits for a given species. These trips
were excluded from the subsequent analyses. In step (5) data matrices containing species
occurrence information were calculated from the screened data sets. In step (6) the data
matrices were analyzed using two multivariate statistical methods to examine patterns of

species associations.



Step 1
Logbooks Fish Tickets
Tow-by-tow estimates Official weights of
of retained catch. landed catch.
Match based on
Boat and Date.
Step 2
For each trip and species calculate
R = sum(Hail Weight) |/ Landed Weight .
Step 3
Exclude data with bad hails.
Step 4
Exclude data influenced by trip limits.
Step 5

Create Stations-by-Species Data Matrices.
For each species calculate Frequency of Species Occurrence.

Frequency for Species X
= No. of positive tows with species X / No. of valid tows with species X

Step 6

Application of Ordination and Classification Methods.

Figure 3. Overview of data screening and analysis.
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Description of data matrices

Three different types of data matrices were prepared: (1) stations-by-species data
matrices by individual years for the major analysis of species associations and their
relationship with environmental characteristics; (2) a boats-by-species data matrix (across
all years) for checking possible boat effects; and (3) species occurrence percentiles for
mapping the geographic distribution over depths and latitudes, and compare with
estimates from a study of survey data. In developing the data matrices (step S in Fig. 3), I
used another screening procedure that excluded: boats that made less than 20 tows per
year; tows that were more than 8 hours duration; tows that were not made using sole
trawls, stations that contained less than 20 tows; and stations that contained less than 5

valid tows for any given species.

Fifteen major commercial species or species groups were selected from the
available logbook data, based upon their commercial importance and the completeness of
the logbook information (Table 4). The following were examined: 1. English sole (ENG),
2. petrale sole (PET), 3. Dover sole (DOV), 4. rex sole (REX), 5. sanddab (DAB), 6.
arrowtooth flounder (ARR), 7. Pacific ocean perch (POP), 8. widow rockfish (WID), 9.
yellowtail rockfish (YEL), 10. thornyhead rockfish (THO), 11. small rockfish group
(SMR), 12. miscellaneous rockfish group (MSR), 13. Pacific cod (COD), 14. lingcod
(LIN), and 15. sablefish (SBL). The three-letter acronyms in parentheses are used in

figures and tables to denote the corresponding species.
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Table 4. Retained catches (1000s of pounds) of the major commercial species reported in
Oregon trawl logbooks from 1987 to 1993.

Year

1987 1988 1989 1990 1991 1992 1993
Flat fish
Arrowtooth flounder* 8438 7124 14188 3038.7 3571.0 3070.6 2900.1
Butter sole 7.9 0.9 0.7 1.2 0.1 0.2
Curlfin sole 3.9 39 3.1 0.1 0.8 0.1 0.7
Dover sole* 8798.1 12518.1 14991.0 13063.6 15340.8 9916.5 11687.3
English sole* 874.8 8133 1096.1 7942 14542  960.3 11943
Miscellaneous flatfish 1.6 11.7 25 20.8 12.7 16.5 6.1
Petrale sole* 1287.7 1308.5 1401.1 12322 1503.1 11948 1389.5
Rex sole* 396.2 4152 3982 3195 7054 5109 3817
Rock sole 1.6 55 42 3.7 2.5 0.5 2.1
Sand sole 4228 2921 391.0 3973 531.8 3084 3929
Sanddab* 3414 1125 1432 2844 4336 4238 4032
Starry flounder 149.0 2517 363.3 139.5 5938 127.6 1340
Rockfish
Miscellaneous rockfish* 42724 55227 65351 39192 49829 37063 4301.3
Pacific ocean perch* 696.8 10027 12378 8470 13466 9489 1193.0
Small rockfish* 10644 1785.1 18029 19114 19757 12160 31728
Thomyhead rockfish* 736.2 13239 35426 6674.7 54558 6643.0 7708.5
Widow rockfish* 10721.0 82472 108004 85414 57133 52266 8220.2
Yellowtail rockfish* 2796430 3484238 2683167 2581585 2681696 4793107 3746890
Others
Lingcod* 737.8 1287.0 1493.0 1119.1 22849 7342 12341
Pacific cod* 780.6 14568 12466 3289 9048 710.1 784.0
Sablefish* 3176.1 3031.0 3670.3 3676.0 38348 36584 41179
Shark 7.1 0.6 1.4 35 14 21.1 58.8
Skate 10.1 2.6 0.2 0.5 0.8
Whiting (Pacific hake) 2846 3109 1264 37770 255153 985228 76199.3

* denotes 15 species that were selected in this study.

From Sampson (1997).
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Stations-by-species matrices

Based on findings from previous studies in the general study area (Gabriel 1982;
Jay 1996b) that showed relatively strong associations between species distribution and
depth, I assigned tow specific data to sampling stations based on 40 fathom (73.2 m)
depth increments (e.g., 0-40, 40-80, etc.) and 1 degree latitude increments (e.g., 41°-42°,
42°-43°, etc.), and using a bimonthly temporal scale (Jan.-Feb., Mar.-Apr., etc.) for each
year. Thus, each sampling station is associated with the abiotic factors depth, latitude,
bimonth, and year. The spatial and temporal scale of the stations were selected on an
arbitrary basis, but several other scales were also attempted. Initially I tried to make the
spatial scale as fine as possible, but because there were tows with long towing times,
which presumably covered long distances, and because I needed a reasonable number of
tows at each station to measure frequency of occurrence, I decided to use the above scale.
For each station, I calculated frequency of species occurrence to two decimal points by the
ratio of the number of valid tows reporting a positive catch of the given species over the
total number of valid tows made at that station. Valid tows are tows that were not
excluded by the data screening processes. The number of valid tows at a given station can
vary from species to species because the data from a trip could be valid for some species

but invalid (and screened out) for others.
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Boats-by-species matrix

Even though I screened out data by excluding tows made by boats that operated
infrequently (less than 20 tows/year), there was still concern that boat-to-boat differences
might adversely influence the pattern of species association. Because there were tows
produced by 121 different boats included in the 7 years of stations-by-species data,
changes in the boats from one year to the next might distort the species associations over
time. During the 7 years of the study period there were boats appearing in the logbooks
for only one or two years as well as boats appearing for all 7 years. Furthermore, the
spatial distribution of boat operations are not random and do not usually extend over the
entire study area because the fishers have different fishing strategies and preferences for
target species. In order to check for possible artificial sampling effects due to changing
boats I created a data matrix with combinations of boats and areas, where areas were
defined by 40 fathom depth and 1° latitude increments. I selected the boats that operated
extensively in more than 25 areas across all seasons and years, and calculated frequency
of species occurrence for each boat and area combination in the same manner as described
above. Six boats operating in more than 25 areas were selected, and the frequency of
species occurrence was calculated for 172 boat and area combinations, where each
combination had depth, latitude, and boat identification as extrinsic environmental factors.
The boats-by-species matrix ignores possible differences across the seasons and years; the

stations-by-species matrices ignore possible differences among boats.
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Species occurrence percentiles

For descriptive purposes and for comparing the geographic ranges of the species, I
estimated the 25th, 50th, and 75th percentiles of species occurrence across both depth and
latitude from all the years combined. For comparison with similar information derived
from the NMFS trawl survey data (Jay 1996b), I also calculated the 25th, 50th, and 75th
percentiles for tows within the depth range of 30 to 200 fathoms. The species occurrence
percentiles were estimated by tabulating frequency of occurrence; by 10 fathom depth
increments across all latitudes, seasons, years, and boats; and by 1 degree latitude

increments across all depths, seasons, years, and boats.

Description of analyses

Because of their multidimensionality, species patterns in a community are normally
too complicated to identify and describe using univariate techniques. Instead, multivariate
methods are needed to study species patterns and community structure (Pielou 1977). 1
employed two different types of multivariate techniques to analyze the stations-by-species
data matrices, Detrended Correspondence Analysis (DCA) to develop ordinations (ranked
orderings) and hierarchical agglomerative cluster analysis to develop classifications. I used

the multivariate statistical software called PC-ORD, DOS version 2.0.

The DCA technique was originally developed as an improvement to another

correspondence analysis technique known as reciprocal averaging. The notion was to
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correct for the two main faults of reciprocal averaging; the so-called “arch effect” and the
stretching or compression of ecological distances in ordination space (Hill 1973; Gauch et.
al. 1977; Hill and Gauch 1980; Gauch 1982). Although there continue to be arguments
about the effectiveness of the DCA technique, it has been used successfully in studies of
community ecology of aquatic vertebrates and benthic organisms (e.g., Leland et. al. 1986;
Wartenberg et. al. 1987; Peet et. al. 1988; Bianchi 1991; Bianchi 1992). Correspondence
analysis techniques are unusual because they ordinate samples (sampling stations) and
species simultaneously, by calculating the species ordination scores from the averages of
the sample ordination scores, and vice versa. Thus, correlations between influential
environmental factors and the main axes of the DCA for the sampling stations can be

related directly to the DCA species ordination.

In this study I used DCA to derive measures of species association in a low
dimensional ordination space, and relate the patterns of association to extrinsic
environmental factors in an interpretable manner. To establish which environmental factors
are most responsible for explaining variation in the species associations, I calculated
Pearson product-moment correlation coefficients for each environmental factor with the
station scores for the first two main DCA axes. I also examined scatterplots of the DCA
scores against the environmental variables, depth, latitude, bimonth, and year, to
determine whether there were significant non-linear relationships between the ordination
scores and the individual environmental variables, because the correlation coefficients only
measure linear relationships. For a more thorough analysis of the relationships between

patterns of station scores and environmental factors, I applied the Generalized Linear
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Model (GLM) procedure (SAS 1988) to the scores of the first DCA axis obtained from
the analysis of the data matrix of all years combined and constructed a statistical model for
the effects of environmental factors such as season and year, and their possible
interactions. GLM was also applied to the matrix of boats-by-species. GLM is well suited
for analyzing unbalanced data, such as the data used in this study (SAS 1988). In the
GLM analysis the environmental variables were treated as class variables, whereas in the

correlation analysis they were treated as continuous variables.

One of the important assumptions of DCA ordination techniques is that the
abundance of each species is distributed continuously along environmental gradients in a
unimodal, Gaussian manner. This assumption makes it difficult to objectively assign similar
species to groups based on an ordination of species pattern, unless there are distinct
boundaries between the species groups. In contrast, numerical classification techniques
objectively assign similar entities to groups or classes based on mathematical calculations
of the similarity or dissimilarity of their attributes. In addition to DCA, I used an inverse
numerical classification method, hierarchical agglomerative cluster analysis with Ward’s
minimum variance fusion strategy and the Euclidean distance measure, as a
complementary tool to define the groupings of similar species (Ward 1963; Gauch and
Whittaker 1981). Ward’s method of cluster analysis performs well with respect to the
chaining problem in which there is successive merging of single entities with a previously
formed cluster. Chaining can severely distort the results of a cluster analysis and make it
difficult to identify separate groups of clusters, and the groups may not effectively

represent hierarchical characteristics of a community (Romesburg 1984; Sneath and Sokal
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1973). I applied this technique to the same data matrices that were used for DCA analysis;
stations-by-species data for individual years and for all years combined, and boats-by-
species data. Cluster analysis produces a tree-like hierarchical structure (a dendogram)
based on indices of similarity. As a result, groups of similar species can be objectively
delineated. None of the different multivariate techniques are likely to provide perfectly
correct patterns of species distribution and cooccurrence in any given community
(Jongman et. al. 1987). However, they have different strengths and weaknesses that may
tend to compensate for each other, especially when applied together in the analysis of a

complex community system (Boesch 1977).

Prior to running the multivariate analyses I applied the monotonic arcsin
transformation “(2/z)-arcsin(X"?)” to each estimated proportion in the individual data
matrices. This transformation, also known as the angular transformation, is often
considered to be appropriate for proportions or percentage data (Sokal and Rohlf 1975).
Such transformations can improve the validity of assumptions of normality, linearity, and
homogeneity of variance as well as reduce the effects of having very common or very rare

species in species composition data (Noy-Meir et. al. 1975; Jensen 1978).

Outliers can strongly influence the results of multivariate analyses (Tabachnick and
Fidell 1989). In an attempt to reduce the effect of possible outliers, I first deleted the
stations containing fewer than 3 non-zero species values. Then I used two separate steps
to detect potential outliers. First, I identified stations with relatively high standard

deviations (cut off point of 2.0) as calculated by the Euclidean distance measure (McCune
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and Mefford 1995). Next, I visually examined the DCA scatterplots of the station scores
to identify stations that were relatively far from the main cluster of scores. If both methods
identified particular stations as being outliers, I ran the DCA analyses with and without
those potential outliers. If the outliers seemed to have a substantial influence on the
ordination results, I removed them from the data matrices. To maintain consistency
between the results of DCA and cluster analysis I applied the cluster analysis only to those

transformed data matrices from which identified outliers had been removed.
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RESULTS

Data screening and preparation

Logbook data were reduced by a number of screening procedures and data
preparation criteria. In step (1) logbook data were matched with corresponding ticket data
on a trip basis. There were about 20,000 trips reported in returned logbook files for the
study period, 1987-1993 (Table 5). There were no logbook data without corresponding
ticket information, but about 21% on average of the ticket data could not be matched with
logbook data. This corresponds to a logbook submission rate by the fishers of about 79 %
of all the trips landing groundfish that were reported in the ticket data files.

In step (3) the acceptable range for the hail to landing ratio (R = 0.6 ~ 1.1) was selected
on an arbitrary basis after examining the distributions of ratios of each species.
Distributions of hail to landing ratios showed a consistent pattern from species to species;
the fishers tend to slightly underestimate their retained catches (Figure 4). Also, there
were numerous trips for which there were hails with no corresponding landing information
(R calculated as infinity) and landings without hails (R calculated as zero). Data that fell
outside of the acceptable range of ratios were excluded from the data matrices for the
analyses. On average this screening step excluded about 43% of the trips that had positive
catch records (Table 6). In step (4) trips influenced by trip limits were identified and
excluded. The percent of trips that were not influenced by trip limits was variable from
year to year and from species to species (Table 7). For any given species only those trips

that were not influenced by trip limits were included in the various data matrices.
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Table 5. Logbook and ticket data match result during the study period of 1987-1993.

Year
1987 1988 1989 1990 1991 1992 1993 Total
Logbook Trips 2107 2404 2641 2454 3287 3581 3565 20039
Fish Ticket Deliveries 3138 3561 3797 3639 4610 4835 4707 28287
Log Trips w Tickets 2107 2395 2633 2451 3285 3580 3565 20016
Logs without Tickets 0% 0% 0% 0% 0% 0% 0% 0%
Tickets without Logs 23% 24% 23% 23% 21% 21% 17% 21%

From Sampson (1997).
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Table 6. Summary of hail to landing ratios.

Year

1987 1988 1989 1990 1991 1992 1993 Total

A. No. of Trips with Hail / Landing Ratio in (0.6 - 1.1).

Arrowtooth Flounder 251 285 412 546 700 533 561 3288
Dover Sole 1078 1333 1497 1463 1901 1533 1883 10688
English Sole 661 696 752 645 1023 789 1055 5621
Lingcod 462 625 787 784 997 742 947 5344
Misc. Rockfish 634 822 906 756 1002 792 1017 5929
Pac. Ocean Perch 179 263 350 326 486 401 527 2532
Pacific Cod 409 562 501 389 686 528 629 3704
Petrale Sole 676 749 828 786 1035 814 1006 5894
Rex Sole 419 432 476 418 631 440 606 3422
Sablefish 667 990 1049 1135 1442 1290 1643 8216
Sand Dab 251 163 171 229 340 221 200 1575
Small Rockfish 220 303 381 458 567 379 768 3076
Thornyheads 269 537 791 1064 1331 1133 1464 6589
Widow Rockfish 454 505 617 665 681 641 860 4423
Yellowtail Rockfish 298 446 462 534 740 707 855 4042

B. Total Number of Trips (with Hails or Landings).

Arrowtooth Flounder 589 765 949 977 1330 1078 1315 7003
Dover Sole 1528 1900 2112 1981 2530 2073 2509 14633
English Sole 1239 1481 1564 1257 1821 1587 2056 11005
Lingcod 1242 1568 1807 1562 1992 1614 2085 11870
Misc. Rockfish 1374 1767 1963 1567 2127 2041 2458 13297
Pac. Ocean Perch 344 533 629 588 877 726 971 4668
Pacific Cod 1029 1361 1153 784 1292 1103 1362 8084
Petrale Sole 1351 1621 1814 1494 1968 1589 2075 11912
Rex Sole 930 1024 1129 896 1239 1037 1501 7756
Sablefish 1203 1746 1886 1802 2241 2170 2705 13753
Sand Dab 413 290 321 344 489 340 314 2511
Small Rockfish 585 775 897 969 1161 904 1592 6883
Thornyheads 750 1181 1481 1571 1968 1671 2130 10752
Widow Rockfish 594 712 889 938 1095 1190 1718 7136
Yellowtail Rockfish 459 704 815 796 1140 1307 1814 7035

From Sampson (1997).
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Table 7. Summary of trips that were not influenced by trip limits.

Year

1987 1988 1989 1990 1991 1992 1993 Total

Total no. trips with 2107 2395 2633 2451 3285 3580 3565 20016

Logbooks and Tickets
No. trips by species, with landings greater than zero
Widow Rockfish 574 684 869 925 1077 1192 1727 7048
Sebastes Complex 1668 2044 2209 1950 2572 2533 3072 16048
Yellowtail Rockfish 452 675 795 791 1141 1312 1850 7016
Sablefish 1191 1735 1869 1797 2234 2177 2713 13716
Pac. Ocean Perch 306 457 551 552 845 704 944 4359
Deepwater Complex 1599 2005 2180 2066 2590 2388 2885 15713
Thornyheads 681 1108 1420 1559 1951 1664 2126 10509
Percent of trips uninfluenced by trip limits
Widow Rockfish 50% 69% 57% 60% 69% 82% 84% 71%
Sebastes Complex 91% 89% 91% 92% 95% 98% 99% 94%
Yellowtail Rockfish 63% 67% 66% 67% 46% 68% 76% 66%
Sablefish 93% 85% 8% 73% 68% T2% 715% 76%
Pac. Ocean Perch 79% 79% 60% 76% 71% 78% 7% 75%
Deepwater Complex 100% 100% 92% 92% 83% 97% 93% 93%
Thornyheads 100% 100% 100% 100% 82% 95% 95% 95%

From Sampson (1997).
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After removing questionable data, the data for the analyses were selected by a
number of criteria (described in the Methods section). To remove potential outliers,
stations with fewer than 3 non-zero species values were also deleted from the staions-by-
species and boats-by-species data matrices; 2 stations in 1988 and 2 stations in 1993.
Based on additional outlier detection procedures (described in the Methods section), I
removed 2 more stations from the matrix for 1993 and 1 station from the boats-by-species
matrix. Even though 2 outliers were identified in the 1993 data matrix, those stations were
not regarded as outliers in the analysis of the matrix with all years combined. The data
from the 6th bimonthly period of 1987 were not included in the analyses because the
fishery for sablefish was closed on October, 22. This resulted in the exclusion of 13
stations from the data matrix for 1987. The number of stations and number of tows that
were included in the stations-by-species data matrices for individual years and for all years
combined, and the boats-by-species data matrix are presented in the Table 8. The number
of stations as well as the number of tows in each data matrix varied from year to year. All
the screening procedures and data preparation criteria resulted in the inclusion of 54%

(61,207 tows) of the total tows made by sole trawls during the study period.

I also mapped out in the form of a table the stations that were included in the
analyses and the corresponding number of tows (Appendix 3). The tables show that the
data are highly unbalanced and that there is a strong seasonal pattern to the fishing
locations (sampling locations). Boats tend to operate in deeper water during the winter

period (bimonth periods of 1st, 2nd, and 6th), and move into shallower water during



Table 8. Summary of number of stations and maximum number of valid tows in stations
that were included in each data matrix: stations-by-species for individual years
(1987-1993) and all years combined, and boats-by-species.

34

Logbooks Data matrix
Year Sole trawltows  No. Stations  Tows in stations Percent
1987 12147 90 7115 59%
1988 12949 123 7835 61%
1989 16918 171 11697 59%
1990 12002 135 7647 64%
1991 16756 161 10818 65%
1992 13104 134 7060 54%
1993 15102 140 9035 60%
All years combined 98978 956 61207 54%
Boats-by-Species 17945 171 11165 60%
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summer period (bimonth periods of 3rd, 4th, and 5th). This feature of sampling coverage

could influence the appearance of seasonality in the species associations.

Ordinations and classifications of data matrices

Results from both ordination and classification analyses of the stations-by-species
matrices revealed strikingly similar species patterns and environmental correlations among
the individual years and the analysis with all years combined, despite the different numbers
of stations and the varying sampling coverage. First I applied DCA to extract the DCA
scores of stations for the first two main DCA axes and plotted the stations based on their
scores on the DCA space. I was able to check the potential outliers by plotting those
stations (Figure 5). The relationship between the depth variable and DCA axis 1 and
between the latitude variable and DCA axis 2 from the data matrix for all years combined
are shown in Figure 6. Even though there was a slight curvilinear relationship between
DCA axis 1 and depth, the degree of curvature was so small that a linear correlation was
considered to be sufficient to explain the relationship (Figure 6, upper panel). For all of the
data matrices there was a strong relationship between the DCA axis 1 scores and the depth
variable (Table 9), with the correlation coefficients ranging from a minimum of -.947 to a
maximum of -.884. The negative coefficients indicate that the depth component in DCA
axis 1 is oriented with shallower depths in the positive direction and deeper depths in the
negative direction. Depth is negatively correlated with the DCA axis 1 for all the data
matrices. Other environmental variables such as latitude, bimonth, and year are not

strongly correlated with DCA axis 1 scores. Latitude is the variable most responsible for
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956 stations

DCA Axis 2

DCA Axis 1

Figure 5. DCA plot of station scores for the stations-by-species data matrix with
all years combined. Each dot represents one station. No outliers were
excluded from this DCA.
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Table 9. Summary for all data matrices of the Pearson product-moment correlation
coefficients between the environemntal variables and the main DCA scores for the
stations and environmental variables for all the data matrices. The coefficient of
determination (r*) of each axis is noted in parentheses.

Stations-by-species: 1987 (90 stations)

Axis 1 (70%) Axis 2 (4.3%)
r r r r
Depth -.925 .856 119 .014
Latitude -.368 135 414 171
Bimonth .089 .008 -.163 .027

Stations-by-species: 1988 (123 stations)

Axis 1 (67%) Axis 2 (4.7%)
r r r r
Depth -915 .838 -.128 .016
Latitude .038 .001 .788 .620
Bimonth .067 .004 .041 .002

Stations-by-species: 1989 (171 stations)

Axis 1 (76%) Axis 2 (3.1%)
r r r r
Depth -.909 .826 .194 .037
Latitude -.069 .005 .668 447

Bimonth .030 .001 -.140 .020
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Table 9. Continued.

Stations-by-species: 1990 (135 stations)

Axis 1 (78%) Axis 2 (3.6%)
r r r r
Depth -882 777 218  .048
Latitude -204 042 668 473
Bimonth .078 .006 .024 .001

Stations-by-species: 1991 (161 stations)

Axis 1 (74%) Axis 2 (5.8%)
r r r r
Depth -.874 .765 .040 .002
Latitude -.200 .040 754 562
Bimonth .043 .002 .030 .001

Stations-by-species: 1992 (134 stations)

Axis 1 (64%) Axis 2 (9%)

r 1 r r
Depth -.884 781 183 .033
Latitude -.273 .075 -672 451

Bimonth .194 .038 .038 .001




Table 9. Continued.

Stations-by-species: 1993 (140 stations)

Axis 1 (71%) Axis 2 (4.8%)
r r r r
Depth -.895 .802 .045 .002
Latitude -.186 .035 782 .612
Bimonth .185 .034 -.257 .066

Stations-by-species: all years combined (956 stations)

Axis 1 (70%) Axis 2 (5%)
r r r r
Depth -.894 .800 -.099 .010
Latitude -138  .019 698 487
Year -025  .001 064  .004
Bimonth .081  .007 -015  .000
Boats-by-species (171 combinatio;s)
Axis 1 (72%) Axis 2 (5.2%)
r r r r
Depth -.947 .897 .074 .006
Latitude 168 .028 -177 031
Boat -051  .003 .009  .000

40
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explaining the variation in the DCA axis 2 scores for all the data matrices, except the one
for 1987 (r = .414) and the boats-by-species (r = -.177). The correlation coefficients for
other years range from -.672 to .788. Positive correlations indicate that axis 2 is oriented
south to north. There are no strong correlations between DCA axis 2 and the other

environmental variables.

When comparing results for the different data matrices, the relationship between
the DCA axes and environmental variables should be interpreted with a caution because
from one matrix to the next each axis has a different ability to explain the variability in the
original data. The degree of explanatory power can be gauged by the coefficient of
determination (). In principle components analysis and correspondence analysis the
eigenvalue of each axis is used to determine the performance of the axis in ordination
space. However, interpreting the eigenvalue for a DCA axis is problematic because the
DCA methods involves detrending and rescaling. I used the Euclidean distance measure
for calculating the value of r* to evaluate how well distances in ordination space represent
distances in the original high dimensional space. Values of I’ for the first two DCA axes
demonstrated that about 70% of the total variance is explained by axis 1, whereas only
about 5 % is explained by axis 2. Therefore, the environmental variable represented by
axis 1 is the principal variable related to variability of the species associations. Even
though the DCA procedure derives a series of ordination axes, the third axis and
subsequent axes were not used to examine the species patterns because those axes have

very minimal explanatory power.
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The DCA plots of species scores show remarkable similarity among all the data
matrices (Figure 7). The relationships between the DCA scores for sampling stations and
the environmental variables provide an interpretation of the DCA axis in terms of
environmental gradients. The DCA axis 1 is linearly correlated with depth (* > .765) for
all of the data matrices and DCA axis 2 is linearly correlated with latitude (> > .447) for
seven of nine matrices. Species are fairly evenly distributed in ordination space, especially
along axis 1, and the locations of species in the DCA plots are consistent from year to
year. For example, the DCA scores for thornyheads (THO), sablefish (SBL), and Dover
sole (DOV) are lined up in the middle left portion of each DCA plot, indicating that these
species occur across all latitudes but in deeper waters, with Dover sole at shallower
depths, thornyheads at deeper depths, and sablefish in between. The relative positions of
some species such as widow rockfish (WID), yellowtail rockfish (YEL), and Pacific cod
(COD) change along DCA axis 2 from plot to plot. Pacific Ocean perch (POP) and small
rockfish (SMR) are consistently at opposite sides of axis 2. Change in the positions of
species over time could be due to changes in the distribution of sampling to some extent.
In general the DCA results indicate that species associations are determined primarily by

depth and secondarily by latitude.

The DCA species plot for the data with all years combined shows a pattern of
species distribution that is similar to the plots of individual years. The DCA species plot of
the boats-by-species analysis has a similar pattern as the plots derived from the data
collected from hundreds of boats, but the spread of species scores along DCA axis 2 is

reduced and the position of sanddab (DAB) is unusual relative to the other plots.



£
*Zg Year 1987
/]\ POP
N
* MsR T DAB
. THO DOR
2 SBL coD
< ENG

LIN
o] SMR

YEL
\l/ WID
£
=
®
Deep <—— DCA Axis 1 —> Shallow
£ Year 1988
5
P
POP

YEL

WID
N
@ ARR MSR coD
% PEJDS_ DAB

IN

5 tHo SBL DoV
a ENG
\l/ SMR
£
=]
[=]
[/)]

Deep < — DCA Axis 1

—> Shallow

43

Figure 7. DCA species plots for individual years (1987-1993), all years combined,
and area by boat. Orientation of environmental variables is indicated for

each axis if a strong linear correlation exists (I* > .447).
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However, axis 2 in the boats-by-species analysis should be interpreted cautiously because

axis 2 is weakly correlated with the environmental factors.

Cluster analysis was used to group the species in an objective manner. Results for
all the matrices show that the analyses were not badly affected by the chaining problem
(less than 20%), and that the species can be clustered into 4 groups while retaining about
65% or more of the information in the original data (Figure 8). In the dendograms, similar
species are merged into groups in a sequential manner due to the characteristics of the
hierarchical cluster analysis. Comparisons between the results from DCA and cluster
analysis show that they share many common features. It appears that species are fused into
groups by the cluster analysis based mainly on depth gradients rather than latitude effects.
For example, the cluster analysis does not always differentiate between Pacific ocean
perch (POP) and small rockfish (SMR), whereas the DCA scores for these species tend to
be at opposite ends of DCA axis 2. Although the constituent species in a given group tend
to change from year to year, the deeper water species thornyheads (THO), sablefish
(SBL), and Dover sole (DOV) were grouped together in eight of the nine analyses. If
species are divided into 2 groups at about the 45% information level, these deep water

species become one group and the rest of species become the other group.

One of the apparent discrepancies between the results of the ordination versus the
cluster analyses is the location of sanddab (DAB), which is one of the most shallow
occurring species. In the early stage of clustering sanddab tend to be fused into a group

with species such as widow rockfish (WID) and yellowtail rockfish (YEL), which occur in
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ordination space as the second most shallow water species group. According to the results
of the ordinations, it would seem reasonable that sanddab should be grouped with species
such as English sole (ENG) or petrale sole (PET), which tend to occur in the most shallow

water.

GLM analysis

Even though I detected no strong correlations between species associations and
the temporal variables bimonth and year, these results could have been artifacts of the
highly unbalanced sampling coverage over time. Also, I wanted to explore the possible
influence of interactions between the environmental variables. I applied GLM analysis
techniques to the DCA axis 1 scores obtained from the stations-by-species data matrix
with all years combined. This allowed me to examine in detail relationships between the
species associations and the environmental factors including possible interactions, while
accounting for the effect of the unbalanced data. I constructed a model starting with all
main environmental factors (depth, latitude, month, and year) and all possible two way-
interactions of the main effects. I sequentially removed insignificant terms until only
statistically significant ones remained (two-sided p-value < .05). As a result, a model with
the environmental variables was created that explains the most of variability in the species

associations (DCA axis 1). The model can be represented by an equation of the form,
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DCA axis 1 = Depth + Latitude + Month + Year +

Depth-Latitude + Depth-Month + Depth-Year + Latitude-Month

The model is highly significant (two-sided p-value = .0001), and it accounts for 99.1%
(adjusted R?) of the variation in species association expressed by DCA axis 1. The main
variables and interaction terms that were included in the model are all statistically
significant (p < .05) (Table 10). In the process of building the model, two interaction

terms (Latitude- Year and Month- Year) were removed from the model.

The scatterplot of predicted values against residuals was used to verify the absence
of any pattern or shape that might indicate violation of the model assumptions (e.g.,
homogenous variability). Nothing unusual was observed. I also tested for possible three-
way interactions by sequentially adding to the model three-way combinations of the two-
way interactions. Although 2 three-way interactions, Depth-Latitude-Month and
Depth-Latitude- Year, were statistically significant, the model with those terms was much
more complex and reduced the adjusted R” to 98.2%. Thus, it was more plausible to fit

the simpler model that had only two-way interactions.

Even though all terms in the model are significant, the predictive power of each
term differs from factor to factor. Depth is the most influential main effect (mean square =
7590.5) and Month is the second most influential (MS = 237.7), but the level of

contribution of Month to the model is much less than that of Depth.
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Table 10. Result of GLM analysis on the DCA axis 1 extracted from the data matrix of all
years combined.

Class Levels Values

Depth 12 40 80 120 160 200 240 280 320 360 400 440 520
Latitude 7 42 43 44 45 46 47 48

Month 6 123456

Year 7 87 88 89 90 91 92 93

Source df  SumofSquares Mean Square F Value Pr>F
Model 198 394463.72 199224 109.68  0.0001
Error 757 13750.40 18.16

Corrected Total 955 408214.12

R*=.966

Adj. R*= 991

Source df TypeII SS Mean Square  F Value Pr>F
Depth 11 83495.71 7590.52 417.88 0.0001
Latitude 6 480.33 80.05 441 0.0002
Month 5 1188.38 237.68 13.08 0.0001
Year 6 243.00 40.50 2.23 0.0386
Depth*Lat 48 6038.04 125.79 6.93 0.0001
Depth*Month 38 3440.11 90.53 498 0.0001
Depth*Year 54 1850.36 34.27 1.89 0.0002
Lat*Month 29 1374.63 47.40 2.61 0.0001
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The Year factor is the weakest among the main effects (MS = 40.5) and contributes less
than the interaction terms Depth-Latitude (MS = 125.8), Depth-Month (MS = 90.5), and

Latitude-Month (MS = 47.4).

Checking for potential boat effect

The same ordination and cluster analyses that were applied to the stations-by-
species matrices for individual years and all years combined were also applied to the boats-
by-species matrix. The results from both analyses of the boats-by-species matrix are
similar to the results from stations-by-species matrices. Among all the data sets the
correlation between DCA axis 1 and depth was the highest (r = - .947) and the correlation
between DCA axis 2 and latitude was the lowest (r = -.177). This is probably an artifact of
the sampling coverage because in the boats-by-species matrix there are few samples in the
southern part of study area (41° - 44°), whereas samples for depths are well represented
(see Appendix 3, boats-by-species matrix). The similar patterns of species distribution in
the ordinations and groupings of species in the cluster analyses among all the data matrices
imply that the species associations derived from the data sets with information from

numerous different boats are not artificially created by a boat effect.

Geographical distribution of species

For both the logbook data and the NMFS bottom trawl survey data the estimates

of the 25th, 50th, and 75th percentiles of species occurrence showed similar patterns of
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species distributions for the depth range of 30 to 200 fathoms (Figure 9 and Figure 10).
The estimates from the logbook data, however, indicate that the species tend to occur in
deeper water and occupy more extensive depth ranges. Percentile estimates for the species
arrowtooth flounder (ARR) and the miscellaneous and small rockfish groups (MSR,
SMR) were unavailable for the trawl survey. Separation of the species in terms of depth
gradients is gradual, with many species overlapping each other. Differentiating the species
by depth habitat in the plots estimated from the limited depth range (30-200 fathoms) is
more difficult than in the plots derived from the complete logbook data sets, which
covered the full depth range to 560 fathoms (Figure 11). However in whichever species
occurrence plot, it is evident that English sole (ENG) and sanddab (DAB) are relatively
shallow water species, whereas sablefish (SBL), Dover sole (DOV), and thornyheads

(THO) are relatively deep water species.

Each of the fifteen species has a range of occurrence over depth, with species like
English sole, lincod (LIN), and yellowtail (YEL) having narrower ranges and others like
Dover sole, sablefish, thornyheads, rex sole (REX), and petrale sole (PET) having wider
ranges. Comparison between survey and logbook data for ranges of species occurrence
over latitude was not attempted because of the different scales of the study areas. The
NMEFS survey covers a wider range of latitudes (36°48'N to the Washington-Canada
border) than the Oregon trawl fishery (41° - 48°N). In the logbook data most species
share similar latitudinal ranges, but Pacific ocean perch (POP), arrowtooth flounder

(ARR), and Pacific cod (COD) tend to occur more in the northern area, and widow
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rockfish (WID) and small rockfish (SMR) tend to occur in the southern area (Figure 12).
Pacific ocean perch seems to have narrow and sharp boundaries of occurrence over
latitude. The patterns of species geographical distribution estimated by depth and latitude

gradients are consistent with the patterns found in the ordination analyses.
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DISCUSSION AND CONCLUSIONS

This study provides a general picture of species associations among 15 species
that are harvested by the commercial trawl fishery. In the ordination and cluster analyses a
very consistent pattern of species associations was observed from year to year. A general
linear model of the variability in the species associations also indicates that they are fairly
persistent relative to temporal variables such as season and year. The model indicates that

the variability in species associations can be primarily represented by depth gradients.

Given the apparent stability of species associations over the years, it is therefore
practical to use the results obtained from the stations-by-species data matrix with all 7
years combined to determine general features of the commercial species associations off
the US Pacific northwest. From ordination and cluster analyses of the data, species that
are closely associated each other can be classified into three groups along the depth
gradients: (1) a shelf species group that includes English sole, sanddab, petrale sole, and
lincod; (2) an upper slope species group that includes widow rockfish, yellowtail rockfish,
small rockfish, Pacific ocean perch, arrowtooth flounder, and miscellaneous rockfish; and
(3) a deep slope species group that includes thornyheads rockfish, sablefish, and Dover

sole.

The dendograms generated from the cluster analysis show the early fusion into a
cluster of the species sanddab, widow rockfish, and yellowtail rockfish. This result is

inconsistent with the results of the DCA. A possible explanation for this discrepancy is
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that cluster analysis may be more sensitive to variable or erratic species. Both widow
rockfish and yellowtail rockfish are known to be target species in the mid-water trawl
fishery, and they are caught incidentally in the ground trawl fishery. Sanddab is also highly
variable probably due to fluctuations in market demand and market conditions. Therefore,
the cluster analysis may have classified theses species together because of their erratic

traits compared to the other species.

The similar pattern of species occurrence determined by comparing estimates from
the logbook data with corresponding estimates from the NMFS shelf survey data partly
verifies the validity of the logbook information, but in general the logbook data placed the
species slightly deeper than the survey data. Possible reasons for differences in fhe species
occurrence between the two data sources could be differences in the types of trawl and the
tow duration. The surveys deployed a bottom trawl with roller gear and maintained
standardized 0.5 hr tow durations, but the logbook data includes tows with sole trawls (no
rollers) and tow durations of up to 8 hrs. Another reason could be due to differences in
mesh size. The survey trawl is equipped with a cod-end liner with a relatively fine mesh
size (3.2 cm), thus small fish are more vulnerable to the survey trawl than to the
commercial trawls. Commercial sole trawls’ legal minimum mesh size is 4.5 inches (11.43
cm) (PFMC 1996). Fox and Starr (1996) reported that the survey caught fish that were
smaller than the estimated minimum market size. It is known that for some species

younger fish occupy shallow water and move toward deeper water as they grow and



66

become mature. It is therefore possible that the commercial fishery did not effectively

catch the smaller sizes of fish in shallower water.

The pattern of species occurrence that was estimated from the logbook data over
the full depth range (up to 560 fathoms) provides a different pattern of species distribution
over depth, although the overall pattern for shallow and deep water species is still
consistent with the pattern from the survey data. The species range estimated from the
logbook data occur far deeper than the species estimated from the survey. Besides the
shelf survey the NMFS conducts a slope survey with bottom trawl gear from 100 to 700
fathoms, but the trawl gear differs from that used in the shelf surveys and the slope

surveys have been conducted infrequently (Amos et. al. 1995).

One of the major concerns in using logbook data was that there might be artificial
sampling effects in the species associations because the data were collected by hundreds of
different vessels. The comparisons between the DCA results for the stations-by-species
data for individual years and the boats-by-species matrix constructed for 6 selected boats
indicate that there is no serious artificial boat effect in the species association patterns
derived from individual years. If there was a large boat effect, it seems very unlikely that
the DCA species plots would be so consistent from year to year. This lack of a boat effect
contradicts the results of Sampson (1997). He used the same logbook data sets that were
used in this study, and found that the factor boat was the first or second most influential

factor for 12 of 15 species in logistic regression models for presence-absence. Possible
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explanations for the different findings of the two studies could be that Sampson
constructed models for each species one at a time, whereas I accounted for all the species
simultaneously in the process of constructing the data matrices for the community pattern
analyses. In other words, I treated species occurrence as a repeated and redundant
measure that was collected by numerous different samplers. McCune et. al. (1997)
experimented with the effect of having different levels of sampler groups (such as novice
and expert) in large-scale lichen studies, and they concluded that community composition
is effectively identified even if data on species richness contains substantial observer error.
This result may also apply to the current study and account for the absence of a boat

effect.

The screening criteria that were used in this study to exclude questionable data
were chosen subjectively. Thus, it would be useful to conduct a comparative study of data
matrices that were screened using different criteria in order to develop a more objective

basis for screening logbook data.

Rogers and Pikitch (1992) identified six major assemblages of groundfish species
off Washington and Oregon using commercial fishery data obtained from observer
programs spanning 1985 to 1987. The main difference in the assemblages that were
identified in my study versus their study was their finding of a midwater assemblage
dominated by widow rockfish and a shrimp assemblage. This difference is due to

fundamental differences in the underlying data. They used data sets collected by six fishing
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strategies, including ones that used midwater trawls and shrimp trawls. These gear types
were not included in my study. Three assemblages were similar to the assemblages that
were identified in my study, and the member species in each corresponding assemblage
were also very similar. Having the benefit of better species resolution from observer data,
they were able to identify a bottom rockfish assemblage which was unidentifiable in the
logbook data. They could not, however, directly investigate the temporal variability of the

assemblages because of the relatively short study period.

Based on NMFS bottom trawl survey data Jay (1996b) identified 23 species
assemblages by using the 33 dominant épecies from the 6 surveys combined (1977-1992),
and Gabriel (1982) identified 32 assemblages from the 1977 survey. Both studies showed
that depth and latitude account for the variability in species assemblages, but neither study
was able to straightforwardly relate temporal variables to the variability in species

assemblages because of the limited temporal scale of the survey collections.

The Oregon coast has a relatively smooth and broad continental shelf with
significant fresh water input to the north, and a relatively rough and narrow continental
shelf with little fresh water input to the south. Oceanographic conditions on the Oregon-
Washington shelf exhibit strong seasonal patterns, with winter and summer current
regimes that are quite distinct. In winter there is little or no mean shear, the mean flow is
northward at all depths, and the northward flow is strongest very near shore (Huyer et. al.

1979). In summer the mean surface current is southward, and there is a strong mean
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vertical shear such that deeper currents are always more northward than shallower
currents. Surface and bottom temperature, salinity, upwelling, coastal sea level, and wind
stress also show interannual variation over the continental shelf off Oregon (Huyer 1977).
Therefore, it is natural to expect that temporal factors would influence the variability of
species assemblages in the study area. However, in this study I found little evidence of
seasonal or interannual variation in the species associations 15 commercial species. Some
would argue that this result may be partly due to the type of data used in this study. If I
had used data with more complete sets of species I would have obtained a better
representation of the study area and the ecological interactions among the species. Also, if
instead of using frequency of species occurrence, I had used CPUE or relative biomass as
a species abundance estimator, which are commonly used for the assemblages studies
based on survey data, the results might reveal strong temporal characteristics of species
assemblages. However, several studies of demersal fish communities that used biomass or
relative biomass estimated from trawl survey data also report persistence of species
assemblages over time (Iglesias 1981; Overholtz and Tyler 1985; Wright 1989; Mahon

and Smith 1989).

One of the drawbacks of using logbook data in a community study is the low level
of species resolution and identification. Because logbooks contain only retained catches, it
is inevitable that accurate catch information is only available for the valuable commercial
species. For example, Pacific hake is one species that was not included in this study even

though it is a major commercial species (PFMC 1996) and is widely distributed in the
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study area (Jay 1996b). This species is normally targeted by mid-water trawlers and forms
a large catch in that fishery. In the bottom trawl fishery Pacific hake are considered a trash
fish and are discarded at sea because of poor flesh quality. One of the conclusions from
Jay (1996b) was that hake are a major player in the dynamics of groundfish communities
off the US west coast and many of the assemblages defined in that study were dominated
by this species. Other non-commercial species such as skate, spiny dogfish, and squid were
also not included in this study. As there is no or small market demand for these species, it
is unlikely that fishermen retain them or keep accurate records of their catches. Also, in
the logbooks and fish tickets the diverse rockfish species were only categorized into two
groups, small rockfish group and miscellaneous rockfish group. Thus, it was impossible to

study interactions of the individual rockfish species and their role in defining assemblages.

In spite of the complicated nature of the logbook data, which were collected by the
commercial fishery, this study shows encouraging results about investigating fish
communities using logbook data. Logbooks are a very cost-effective way of obtaining
information about fish populations that have been disturbed by human exploitation.
Therefore, I recommend that the logbook program be continued, but with enhancements
for collecting data about discarded as well as retained catches. Also, more detailed
information about tow locations (e.g., ending position and depth) would allow researchers
to investigate fish communities on a finer geographical scale so that even subtle

environmental variations might be related to variations in the fish communities.
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Appendix 1. Summary of trip limit regulations for each species from 1987 to 1993.

Year  Widow Rk. Sebastes Yellowtail Rk. Sablefish 1 Pac. Oc. Perch Deepwater Bocaccio Thornyheads
1987[1/1: 300001b/ |1/1: Nof Coos  {1/1: N of Coos  |1/1: 5000 Ib / trip |1/1: Min of 5000
week. Only 1 Bay, 250001b/ |Bay, 10000 1b/ |of small fish. Ib or 20% of fish
landing per week |week, 50000 week, 20000 on board.
of more than biweekly, or biweekly, or 5000 Landings under
3000 Ib. 12500 1b twice a |Ib twice a week. 1000 Ib
week. Landings  |Landings under unrestricted,
under 3000 Ib 3000 1b regardless of
unrestricted. S of junrestricted. percentage.
Coos Bay, 40000
Thi/trin
5/3: Fishing week |5/3: Fishing week |5/3: Fishing week | 10/2: Max of
changed from changed from changed from 6000 1b or 20% of
Sunday through |Sunday through |Sunday through |[fish on board,
Saturday to Saturday to Saturday to including no
Wednesday Wednesday Wednesday more than 5000
through Tuesday. {through Tuesday. {through Tuesday. |1bs of small fish.

11/25: Fishery
closed.

7/22: N of Coos
Bay, 7500
Ib/week, 15000 1b
bi- weekly, or
3750 1b twice a

week

10/22; Fishery
closed.
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Appendix 1. Continued.

Year  Widow Rk. Sebastes Yellowtail Rk. Sablefish 1 Pac. Oc. Perch Deepwater Bocaccio Thornyheads
1988{1/1: 300001/ |1/1: Nof Coos  [1/1: N of Coos 1/1: Max of 6000 |1/1: Min of 5000

week. Only 1 Bay, 25000 Bay, 10000 Ib/ |lbs or 20% of fish |1b or 20% of fish

landing per week |Ib/week, 50000 bi{week, 20000 on board. Only 2 |on board.

of more than weekly, or 12500 |biweekly, or 5000 |landings / week |Landings under

3000 1b. Landings|Ib twice a week. |Ib twice a week. {over 1000 1b. 1000 1b

under 3000 1b Landings under |Landings under |Landingsunder [unrestricted,

unrestricted. 3000 Ib 3000 1b 1000 Ib regardless of

unrestricted. S of Junrestricted. unrestricted, percentage.

Coos Bay, 40000
Ib/trip.

regardless of
percentage. Limit

of 5000 Ib/trip of
Aennll St
9/21: 3000 1b / 10/5: N of Coos |8/3: Only 1
trip Bay, 7500 1b / landing / week,
week. Bi- weekly |not to exceed
and twice weekly [2000 1b,
options remain in |regardless of
effect (at reduced |percentage.
rates)
10/5: Removed 1
landing / week
restriction, but
2000 1b limit still
ineffect

8L



Appendix1.Continued.

Year  Widow Rk. Sebastes Yellowtail Rk. Sablefish 1 Pac. Oc. Perch Deepwater Bocaccio Thornyheads
1989]1/1: 3000016/  |1/1: Nof Coos  |1/1: N of Coos 1/1: Max of 1000 |1/1: Min of 5000 [4/26: defined as
week. Only 1 Bay, 250001b/ |Bay, 7500 ib/ Ib/trip or 45% of |lb or 20% of fish |sablefish, Dover
landing per week |week, 50000 week, 15000 1b  |deepwater on board. sole, arrowtooth
of more than biweekly, or biweekly, or 3750 |complex. Limit of [Landings under  |flounder, and
3000 1b. Landings|12500 1b twice a {Ib twice a week. [5000 Ib/trip of 1000 1b thornyheads. 1
under 3000 1b week. Landings |Landings under |small fish. unrestricted, landing/week
unrestricted. under 3000 1b 3000 1b regardless of over 4000 1b, not
unrestricted. S of junrestricted. percentage. to exceed 30000
Coos Bay, 40000 Ib. Landings
Ib/trip. under 4000 1b
unrestricted.
Biweekly and
twice weekly
options available.
4/26: 10000 1b/ 7/26: Max of 4/26: One landing|7/26: Min of 2000 |10/4: Removed
week. 3000 Ib/trip or  |per week with 1b or 20% of fish |poundage and
20% of Sebastes |max of 1000 1b or jon board. No trip frequency
complex. 25% of deepwater |restrictions on trip | limits.
complex. Limit of |frequency.
5000 Ib/landing |Landings under
of small fish. 1000 1b
Biweekly and unrestricted,
twice weekly regardless of
options available. |percentage.

10/11: 3000 10/4: max of 12/13: Fishery
Ib/trip. No 1000 Ib or 25% of |closed in
restriction on deepwater Columbia area.
frequency of complex.

landings
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Appendix 1. Continued.

Year  Widow Rk. Sebastes Yellowtail Rk. Sablefish ! Pac. Oc. Perch Deepwater Bocaccio Thomyheads
1990}1/1: 1500016/ |1/1: N of Coos 1/1: N of Coos 1/1: One landing |1/1: Min of 3000 |1/1: No
week, 25000 1b  {Bay, 250001b/ |Bay, 7500 per week with Ib or 20% of fish |restrictions.
per two weeks. week, 50000 1b  |lb/week, 15000 1b {max of 1000 1b or {on board.
Landings under |biweekly, or biweekly, or 3750 |25% of deepwater |Landings under
3000 Ib not 12500 1o twice a |Ib twice a week. |complex. Limit of | 1000 1b
restricted. week. Landings |Landings under (5000 lb/landing |unrestricted,
under 3000 1b 30001b of small fish. regardless of
unrestricted. S of |unrestricted. Biweekly and percentage.
Coos Bay, 40000 twice weekly
Ib / trip. options available.
12/12: Fishery 7/25: N of Coos  |10/3: max of 10/3: 15000
closed. Bay, max of 3000 | 1000 1b or 25% of Ib/trip. Only 1
Ib / week or 20% |{deepwater landing / week
of Sebastes complex. over 1000 1b.
complex. Biweekly and
Biweekly and twice weekly
twice weekly options available.

options remain in

effact
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Appendix 1. Continued.

Year  Widow Rk. Sebastes Yellowtail Rk. Sablefish ! Pac. Oc. Perch Deepwater Bocaccio Thornyheads
1991{1/1: 100001b/ |[1/1:NofCoos [1/1: Nof Coos |1/1: One landing {1/1: Min of 3000 {1/1: 27500 1/1: S of Coos 1/1: 7500
week, only 1 Bay, 25000 1b/ |Bay, 5000 per week with Ib or 20% of fish |ib/week. Only 1 |Bay, 5000 Ib/trip. |Ib/week.
landing / week |week, 50000 Ib  |Ib/week, 10000 1b jmax of 1000 Ib or jon board. landing / week  |No trip frequency |Biweekly and
over 3000 Ib, or |biweekly, or biweekly, or 3000 {25% of deepwater |Landings under |over 4000 1b. restriction. twice weekly
20000 1b biweekly| 12500 1b twice a |1b twice a week. jcomplex. Limit of | 1000 Ib Biweekly and options available.
with 1 landing in [week. Landings |Landings under 5000 Ib/landing |unrestricted, twice weekly Landings under
that 2 week under 3000 1b 3000 Ib of small fish. regardless of options available. 4000 1b
period over 3000 |unrestricted. S of [unrestricted. Biweckly and percentage. Landings under unrestricted.
Ib. Landings Coos Bay, 25000 twice weekly 4000 Ib
under 3000 1b Ib / trip. options available. unrestricted.
unrestricted.
9/25:3000 1b/ 4/24: N of Coos 7/31: 12500
trip. No Bay, 5000 Ib once Ib/week.
restriction on per 2 weeks. Biweckly and
landing twice weekly
frequency. options available.

18



Appendix 1. Continued.

Year  Widow Rk. Sebastes Yellowtail Rk. Sablefish * Pac. Oc. Perch Deepwater Bocaccio Thornyheads
1992]1/1: 30000 1b 1/1: 50000 1b 1/1: Nof C. 1/1: Max of 25% |1/1: Min of 3000 [1/1: 55000 b 1/1: Sof C. 1/1: 25000 1b
cumulative per 4 |cumulative per 2 |Lookout, 8000 Ib |of decpwater Ib or 20% of fish |cumulative per 2 |Mendocino, cumulative per 2
week period. week period. cumulative per 2 |complex or 1000 |on board. week period. 10000 1b week period.
week period. Ib per landing.  |Landings under cumulative per 2
Limit of 5000 1000 1b week period.
Ib/landing of unrestricted,
small fish. regardless of
nercentace
8/12: 3000 1b / 7/29: N of Coos 10/7: 50000 1b 7/29: 20000 1b
trip. No Bay, 6000 Ib cumulative per 2 cumulative per 2
restriction on cumulative per 2 week period. week period.
frequency of week period.
landines.
12/2: 30000 1b 10/7: 15000 1b
cumulative per 4 cumulative per 2
week period, week period.
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Appendix 1. Continued.

Year  Widow Rk. Sebastes Yellowtail Rk. Sablefish ! Pac. Oc. Perch Deepwater Bocaccio Thornyheads
1993|1/1: 30000 Ib 1/1: 50000 1b 1/1: N of Coos  |1/1: Max of 25% |1/1: Min of 3000 |1/1: 45000 Ib 1/1: Sof C. 1/1: 20000 1b
cumulative per 4 |cumulative per 2 |Bay, 8000 Ib of deepwater Ib or 20% of fish |cumulative per 2 |Mendocino, cumulative per 2
week period. week period. cumulative per 2 |complex or 1000 [on board. week period. 10000 1b week period.
week period. Ib per landing.  |Landings under cumulative per 2
Limit of 5000 1000 Ib week period.
Ib/landing of unrestricted,
small fish. regardless of
nercentaoce
12/1: 3000 1b / 4/21: N of Coos |9/8: Max of 1000 4/21: 600001  [10/6: S of C. 4/21: 35000 1b
trip. No Bay, 6000 Ib 1b per landing or cumulative per 4 |Mendocino, cumulative per 4
restriction on cumulative per 2 }25% of deepwater week period. 15000 1b week period.
frequency of week period. complex, not to cumulative per 2
landings. exceed 3000 Ib week period.
per landing.
12/1: 1000 1b/ 12/1: 5000 1b /
trip. One landing trip. One landing
[ wk. [/ wk.
From Sampson (1996).

€8



Appendix 2. Examples of database management algorithms that were used for data
screening and preparation procedures.

/* FREQ_SP.PRG: creating stations-by-species data matrices. */

close databases
for MYEAR = 87 to 93
store str(MYEAR,2) to MYY

*Boat screening procedure

*Drop off boats with less than 20 tows per year,

* or with 0 vaild tow{okhail tow) for any species

*create file tmpl with selected boats after screening procedure.

close databases

if file('tmpl.DBF')
delete file TMP1l.DBF
endif

select BOAT;
from N_BOAT&MYY;
where TOW >= 20;

and N_ENG > 0;
and N_PET > 0;
and N _REX > 0;
and N_DAB > 0;
and N_LIN > 0;
and N_COD > 0;
and N WID > 0;
and N SMR > 0;
and N_MSR > 0;
and N_YEL > 0;
and N_POP > 0;
and N_THO > 0;
and N_SBL > 0;
and N_DOV > 0;
and N ARR > 0;

into table TMP1

*create tmp2 from oklim.dbf with selected boats.
if file('tmp2.DBF')
delete file TMP2.DBF
endif

select *;
from OKLIM&MYY O, TMP1;
where O.BOAT=TMP1l.BOAT;
into table TMP2

*Modification from N_OKHAIL.PRG.
*create a table of counting number of valid tows for each species per
*plot (area+time).

if file('X_HAIL&MYY..DBF')
delete file X HAIL&MYY..DBF
endif



Appendix 2. Continued.

select &MYY as year,;
alltrim(str(int (LAT4))+"'/'+str(DEPTH40,3)+'/'+ltrim(substr (BIMONTH

(1))

as PLOT,;

int (LAT4) as LAT1, DEPTHAO,

sum(iif (ENG_OKHAIL,1,0))
sum(iif (PET_OKHAIL,1,0))
sum(iif (REX_OKHAIL,1,0})
sum(iif (DAB_OKHAIL,1,0))
sum(iif (LIN_OKHAIL,1,0})
sum(iif (COD_OKHAIL,1,0})
sum(iif(WID_OKHAIL,l,O))
sum(iif(SMR_OKHAIL,l,O))
sum(iif (MSR_OKHAIL,1,0))
sum(iif (YEL OKHAIL,1,0))
sum(iif (POP_OKHAIL,1,0))
sum(iif(THO_OKHAIL,l,O))
sum(iif (SBL_OKHAIL,1,0))
sum(iif (DOV_OKHAIL,1,0))
sum(iif (ARR_OKHAIL,1,0))
from TMP2, OKTRIP&MYY T;

as
as
as
as
as
as
as
as
as
as
as
as
as
as
as

count (*) as N_TOW, BIMONTH, ;
N_ENG, ;
N_PET,:
N_REX,;
N_DAB, ;
N_LIN,:;
N_COD, :;
N _WID,;
N_SMR, ;
N _MSR,;
N _YEL,:
N_POP,;
N_THO, ;
N_SBL,;
N_Dov,;
N_ARR;

where TMPZ.BOAT_A= T.BOAT and TMP2.RDATE=T.RDATE;
and NET="S" and TOW HRS<=8;

having count(*)>=207
group by 2;

order by BIMONTH;
into table X HAIL&MYY

&& tows with sole trawls,
&& tow duration <= 8 hrs,

&& stations with >= 20 tows,

*cross—tabulation of X HAIL by depth and latitude.
*counting maximum number of valid tow in each station.

select X HATIL&MYY..LAT1l, X HAIL&MYY..DEPTH40, X_HAIL&MYY..N_TOW;

do (_genxtab) with "'XAT 1_&MYY'

from X HAIL&MYY;

where alltrim(X_HAILSMYY..BIMONTH) = "1";
group by X HAIL&MYY..LAT1, X HAIL&MYY..DEPTH40;
order by X HAIL&MYY..LATl, X HAIL&MYY..DEPTH40;

into table sys(2015)

*calculating species frequency.

*species frequency = sum(no. of positive tows)/sum(no. of valid tows).

if file('XP_RAT&MYY..DBF')

endif

delete file XP RAT&MYY..DBF

if file('tmp3.DBF')

endif

close

delete file TMP3.DBF

databases

rename 'oktrip&myy' to FILE]

select year,;
alltrim(str{int (LAT4))+'/'+str (DEPTH40,3)+'/'+1ltrim(substr (BIMONTH

(1))

as PLOT,;

count (*) as N_TOW,;
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Appendix 2. Continued.

endfor

sum{iif (ENG>0,1,0))/sum(iif (ENG_OKHAIL,1,0))
sum{iif (PET>0,1,0))/sum(iif (PET_OKHAIL,1,0})
sum(iif (REX>0,1, 0))/sum(11f(REX OKHAIL,1,0))
sum(iif (DAB>0,1,0))/sum(iif (DAB_OKHAIL,1,0))
sum({iif (LIN>O,1, 0))/sum(11f(LIN OKHAIL,1,0))
sum(iif (cop>0,1,0))/sum(iif (COD_OKHAIL,1,0))
sum(iif (WID>0,1,0))/sum(iif (WID_OKHAIL,1,0))
sum(iif (SMR>0,1,0))/sum(iif (SMR_OKHAIL,1,0))
sum(iif (MSR>0,1,0))/sum(iif (MSR_OKHAIL,1,0))
sum{iif (YEL>0,1,0))/sum(iif (YEL OKHAIL,1,0))
sum(iif (pop>0,1,0))/sum(iif (POP_OKHAIL,1,0))
sum{iif (THO>0,1, 0))/sum(11f(THO OKHAIL,1,0))
sum(iif (SBL>0,1,0))/sum(iif (SBL_OKHAIL, 1,0))
sum{iif (DOV>0,1,0))/sum(iif(DOV_OKHAIL,1,0)})
sum(iif (ARR>0,1,0))/sum(iif (ARR OKHAIL,1,0))
from TMP2 O, FILEl T;

where O.BOAT_. A= T.BOAT and O.RDATE=T.RDATE;

as
as
as
as
as
as
as
as
as
as
as
as
as
as
as

P_ENG, ;
P_PET,;
P_REX,;
P_DAB,;
P_LIN, ;
P_COD, ;
P_WID,;
P_SMR, ;
P_MSR,;
P_YEL,:
P_POP,;
P_THO, ;
P_SBL,;
P_DOV, ;
P_ARR;

and NET="Ss" and TOW_HRS<= =8;
having count (*)>=20;

group by 2;

order by BIMONTH;

into table TMP3

close databases
rename 'filel.dbf'
rename 'TMP3.DBF'

to OKTRIP&MYY.
to FREQ_ SP&MYY..

&& tows with sole trawls,
&& tow duration <= 8 hrs,
&& stations with >= 20 tows,

.DBF

DBF
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Appendix 3. Maximum number of valid tows made in each station for all data matrices:

individual years, all years combined, and boats-by-species.

1987

Jan/ Feb Depth (fathoms)

Latitude 40 80 120 160 200 240 280 320 360 400
42 38 28 24 28

43 26 82 83 78 88 43 30
44 23 28

45 63 53

46 78 26

47

48

Mar / Apr

Latitude 40 80 120 160 200 240 280 320 360 400
42 7]

43 25 42 54 34 29 45 68 50

44 23

45

46 205 108

47

48

May / Jun

Latitude 40 80 120 160 200 240 280 320 360 400
42 38 60

43 112 110 181 62

44 48 35 33

45

46 312 198 48

47 50

48

Jul/Aug

Latitude 40 80 120 160 200 240 280 320 360 400
42 102 47

43 144 177 142 44

4 82 92 26 59

45 33 32 26

46 411 387 46

47 32

48 24

Sep / Oct

Latitude 40 80 120 160 200 240 280 320 360 400
42 110 68 20 25 26 29 33

43 23 116 331 69 55 30 33 29 2

44 91 128 73 54 34 4

45 56 73 25 34

46 194 398 102

47 28 44

48
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Appendix 3. Continued.

1988

Jan / Feb Depth (fathoms)

Latitude 40 80 120 160 200 240 280 320 360
42 27 36 27 63 29 44 66 36
43 50 42 98 111 133 134 76
44 44

45 44 56 64 39 26 28
46 80 24 22 28 26 36 28

47 27

48

Mar / Apr

Latitude 40 80 120 160 200 240 280 320 360
42 32 20

43 30 75 44 71 55 52 4| 42
44 136 29

45 35 32

46 20 199 27 22

47 25 21 25 21 39 24
48 27
May / Jun

Latitude 40 80 120 160 200 240 280 320 360

42

43 42 38 73 39 38

44 55 77 62 69

45 44 42 49 27

46 201 231 79 21

47 3 20 49

48 40

Jul/ Aug

Latitude 40 80 120 160 200 240 280 320 360
42 20 63

43 108 143 28

44 38 109 43 23

45 20 84 84

46 444 276 131

47 80 97 114

48 26

Sep / Oct

Latitude 40 80 120 160 200 240 280 320 360
42 28

43 29 45 130 87 50 30

44 323

45 5 101 33

46 173 226 101 32 27

47 88 58

48

Nov / Dec

Latitude 40 80 120 160 200 240 280 320 360
42 3

42 93 88 47
25

E28586L88
8
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Appendix 3. Continued.

1989

Jan/Feb Depth (fathoms)

Latitude 40 80 120 160 200 240 280 320 360 400
42 20

43 77 46 32 21 31 28

44 60

45 20 43 31 74 100 59 66 35

46 65 31 26 26

47 48 21 47 35 40 25

48

Mar / Apr

Latitude 40 80 120 160 200 240 280 320 360 400
42

43 26 23 122 32

44 22

45 22 42 99 127 85 52 33
46 5 211 40 60 46 21

47 48 30 22 30

48 27 28 23 21
May / Jun

Latitude 40 80 120 160 200 240 280 320 360 400
42

43 45 75

44 230 75 38 20

45 20 59 28 39 14 77 41

46 232 226 106 26 30 50 30

47 162 63 85 20 28 20 23 48

48 97 81 50 32 21 29

Jul / Aug

Latitude 40 80 120 160 200 240 280 320 360 400
42 25

43 a3 78 172 84

44 66 530 80 30 20

45 76 150 163 49 41 111 44

46 361 397 187 29 31 36

47 22 107 154 21

48 24 36 58

Sep / Oct

Latitude 40 80 120 160 200 240 280 320 360 400
42

43 46 160 38 22

44 2 217 79

45 110 74 137 S8 77 90 60

46 132 454 198 52 41 51 36

47 35 88 88 34 20 46

48 39

Nov / Dec

Latitude 40 80 120 160 200 240 280 320 360 400
42 30

43 22 36 33 33 33

44 25

45 27 72 128 122 59 24

46 58 26 37 43 66 69 47 35

47 25 24 31 37 42 29

48




Appendix 3. Continued.

90

1989

Jan / Feb Depth (fathoms)

Latitude 40 80 120 160 200 240 280 320 360 400
42 20

43 77 46 32 21 31 28

44 60

45 20 43 31 74 100 59 66 35

45 65 31 26 26

47 48 21 47 35 40 25

48

Mar / Apr

Latitude 40 80 120 160 200 240 280 320 360 400
42

43 26 23 22 32

44 22

45 22 42 99 127 85 52 33
46 5 21 40 60 46 21

47 48 30 22 30

48 27 28 23 21
May / Jun

Latitude 40 80 120 160 200 240 280 320 360 400
42

43 45 75

44 230 75 38 20

45 20 59 28 39 144 77 41

46 232 226 106 26 30 50 30

47 162 63 85 20 28 20 23 48

48 97 81 50 32 21 29

Jul / Aug

Latitude 40 80 120 160 200 240 280 320 360 400
42 25

43 93 78 172 84

44 66 530 80 30 20

45 76 150 163 49 41 i1 44

46 361 397 187 29 31 36

47 22 107 154 21

48 24 36 58

Sep / Oct

Latitude 40 80 120 160 200 240 280 320 360 400
42

43 46 160 38 22

44 2 217 79

45 110 74 137 58 77 90 60

46 132 454 198 52 41 51 36

47 35 88 88 34 20 46

48 39

Nov / Dec

Latitude 40 80 120 160 200 240 280 320 360 400
42 30

43 22 36 33 33 33

44 25

45 27 72 128 122 59 24

46 58 26 37 43 66 69 47 35

47 25 24 31 37 42 29

48
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Appendix 3. Continued.

1990

Jan / Feb Depth (fathoms)

Latitude 40 80 120 160 200 240 280 320 360 400
42

43 23 22 35 26 43

44

45 51 85 39 25

46 68 25 35 52 51 38 25

47 32 20 23 28 21 27 34

48

Mar / Apr

Latitude 40 80 120 160 200 240 280 320 360 400
42

43 26 28

44 36

45 45 20 31 56 43 39 45 28
46 75 190 45 67 84 72 26
47 39 24 40 52 65 61 41
48 21 37 31

May / Jun

Latitude 40 80 120 160 200 240 280 320 360 400
42 24

43 34 59 45 24

44 126 62 20

45 49 38

46 236 208 47 25 23

47 46 28 40 24 40 32 57 34

48 28

Jul / Aug

Latitude 40 80 120 160 200 240 280 320 360 400
42 35

43 118 122 112 40

44 134 442 107 27 22

45 47 53 86 46

46 342 225 124 44 21 21

47 21 66 26

48 37

Sep / Oct

Latitude 40 80 120 160 200 240 280 320 360 400
42 21

43 21 54 127 63 34

44 87 147 78 62 38

45 81 28 26 24

46 90 124 62 26 34 25 23

47 40 21 22

48 32 21

Nov / Dec

Latitude 40 80 120 160 200 240 280 320 360 400
42

43 23

44 25

45 59 79 73 26

46 20 24

47 26 20

48




Appendix 3. Continued.

1991

Jan/Feb Depth (fathoms)

Latitude 40 80 120 160 200 240 280 320 360 400
42

43 53 46 38 38

44 40

45 40 128 93 52 35

46 69 38 92 47 55 22

47 64 31 32 32 65 57 44 83

48

Mar / Apr

Latitude 40 80 120 160 200 240 280 320 360 400 440
42 25

43 20 96 37

44 59 45

45

46 180 77 21 44 43 80 35

47 30 26 36 37 77 83 138 72 23 25
48 20 26 21

May / Jun

Latitude 40 80 120 160 200 240 280 320 360 400
42 76 21

43 139 91 178 62 21

44 110 45 50

45 32 42 105 48

46 293 408 106 43 33 48 35 21

47 148 49 111 7 75 70 59 34

48 59 20 25

Jul/ Aug

Latitude 40 80 120 160 200 240 280 320 360 400
42 48

43 253 127 159 46

44 7 11 64

45 33 23 90 20

46 350 337 109 42 21 21

47 87 57 126 44 20 22

48 70 76 33

Sep / Oct

Latitude 40 80 120 160 200 240 280 320 360 400
42 20

43 51 108 145 47 20

44 195 51 29 21 29

45 22 120 23 45 61 34

46 219 255 74 49 30 51 37 20

47 72 131 68 55 45 38 37 24

48 39 27 27 25

Nov / Dec

Latitude 40 80 120 160 200 240 280 320 360 400
42

43 64 38

44 .

45 47 93 71 27

46 51 K} 28 30 56 35 27

47 20 29

48




Appendix 3. Continued.

1992

Jan/Feb Depth (fathoms)

Latitude 40 80 120 160 200 240 280 320 360
42 21

43 31 21 26

44

45 26 57 35

46 100 21 35 37 21 22 27
47 25 26 28 43 38 21

48

Mar / Apr

Latitude 40 80 120 160 200 240 280 320 360
42

43 51 86 41 28

44 21

45 26 42 34 40

46 84 80 28 23 58 35

47 42 22 23 46 56 97 63

48 24 35 36 23

May / Jun

Latitude 40 80 120 160 200 240 280 320 360

42 26

43 90 68 121 67 23

44 20 53 83 35 29

45 38 41 62

46 354 247 55 22

47 28 34 95 35 32 43 29

48 28 30 50 45 25

Jul/ Aug

Latitude 40 80 120 160 200 240 280 320 360
42 28

43 133 68 50 46

44 49 80 39

45 31 79 58

46 170 269 59 28

47 123 64 95 38

48 25 48 85 24 26

Sep / Oct

Latitude 40 80 120 160 200 240 280 320 360
42

43 43 122 79 38 27

44 43 72 40

45 45 36 61

46 172 136 48 29 21

47 30 35 25 27 24
48

Nov / Dec

Latitude 40 80 120 160 200 240 280 320 360

42

43 25 27 22 20

4

45 41 57 48

46 23 35 23 32
47 27 27
48




Appendix 3. Continued.

1993

Jan / Feb Depth (fathoms)

Latitude 40 80 120 160 200 240 280 320 360 400
42

43 50 28 29 32 30

44

45 45 77 36 30

46 80 25 34 22 31 32

47 35 23 64 57 39 41 33

48 20

Mar / Apr

Latitude 40 80 120 160 200 240 280 320 360 400 440
42

43 22 49 20 47

44 23 40

45

46 173 22 29

47 26 44 38 38 29 22
48 33 34 28

May / Jun

Latitude 40 80 120 160 200 240 280 320 360 400
42

43 33 125 83 45

44 94 78 71 48

45 54 70 45 45 28

46 236 315 97 26 22 22

47 27 249 83 31 26 45 24 30

48 27 27 27 20

Jul / Aug

Latitude 40 80 120 160 200 240 280 320 360 400
42

43 118 59 146 67 42

44 161 103 91 33

45 30 98 184 85 50 38

46 148 240 178

47 27 287 113 33 24 27

48 31 23

Sep / Oct

Latitude 40 80 120 160 200 240 280 320 360 400 440 480 520
42 20 29

43 92 60 202 107 85 42 29 25

44 235 112 105 78 47

45 22 63 62 60 7 54

46 255 166 97 31 32 21 33
47 100 27 46 22 21

48 57 39

Nov / Dec

Latitude 40 80 120 160 200 240 280 320 360 400
42

43 32 45 24

44 26

45 56 56

46 42 25

47

48




Appendix 3. Continued.

All years combined

Jan / Feb Depth (fathoms)

Latitude 40 80 120 160 200 240 280 320 360 400 440
42 27 36 27 142 57 68 84 36

43 250 189 333 328 288 350 147 68

44 167 28

45 20 87 3N 355 564 299 197 a7

46 65 532 24 67 212 259 176 188 106

47 196 76 55 165 225 193 187 166

48 20

Mar / Apr

Latitude 40 80 120 160 200 240 280 320 360 400 440
42 57 22 20

43 25 191 409 78 98 99 161 306 70

44 319 114

45 45 48 20 108 229 204 164 97 61

46 993 862 55 0 20 148 192 311 161 26 20
47 158 69 3% 109 262 271 375 276 109 72
48 125 160 165 44

May / Jun

Latitude 40 80 120 160 200 240 280 320 360 400 440
42 38 135 21

43 417 442 798 347 127

44 682 421 337 172 29

45 119 235 337 167 39 217 106 4

46 1864 1754 523 158 62 121 65 42 22

47 491 411 426 180 133 225 164 143 82

48 95 198 187 129 73 49

Jul/ Aug

Latitude 40 80 120 160 200 240 280 320 360 400 440
42 122 246

43 860 734 919 354 42

44 600 1464 447 172 42

45 270 501 676 195 91 149 44

46 2225 1998 827 142 73 78

47 356 621 666 162 44 22 27

48 119 224 202 24 26

Sep / Oct

Latitude 40 80 120 160 200 240 280 320 360 400 440 480 520
42 110 137 20 54 26 29 33 20

43 259 551 1172 449 293 102 62 54 22

44 673 1040 404 213 146 44

45 110 268 622 227 240 245 148

46 1234 1655 657 216 128 126 92 73 21 33
47 207 389 378 97 70 119 78 46 24

48 39 145 87 25

Nov / Dec

Latitude 40 80 120 160 200 240 280 320 360 400 440
42 61

43 79 220 146 79 99

44 25 51

45 27 317 499 383 156 24

46 116 81 54 37 96 170 181 130 35

47 25 24 102 57 97 29
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Appendix 3. Continued.

Boats-by-species

Depth (fathoms)
Latitude 40 80 120 160 200 240 280 320 360 400 440 480
42 34
43 20 42 26 22
44
45 58 93 368 1100 828 461 210 78
46 830 474 223 267 432 337 333 248 67 68
47 83 593 281 349 488 407 500 396 214 45
48 196 251 168 167 118 142 95 31

96





