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ABSTRACT

Fowler, G.M. and M.A. Showell. 2009. Calibration of bottom trawl survey vessels:
comparative fishing between the Alfred Needler and Teleost on the Scotian Shelf during
the summer of 2005. Can. Tech. Rep. Fish. Aquat. Sci. 2824: iv + 25 p.

Adjustments to calibrate fish and invertebrate abundance estimates between two
research survey vessels were determined using mixed-effects and fixed-effects modelling.
The fixed-effects model assumes equal probability of a fish being available for capture
between the two vessels for a given paired tow set, while the mixed-effects model
assumes equal probability over the population of sets, including an estimate of within-set
variability as random error. The mixed-effects approach appeared superior to the fixed-
effects approach, being better able to resolve the high variability between sets
characteristic of the stratified-random survey design in which the calibration experiment
was conducted.

Differences in catchability with length of animals was pervasive, the greatest
differences in catchability between vessels being associated with the smallest animals.
The influence of length on catchability was best portrayed as a curvilinear relationship, as
catchabilities tended to plateau for animals over about 26cm.

For some species catchabilities between vessels differed according to the time of
day and depth of a tow, though in most cases the differences were of fairly small
magnitude.
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RESUME

Fowler, G.M. and M.A. Showell. 2009. Calibration of bottom trawl survey vessels:
comparative fishing between the Alfred Needler and Teleost on the Scotian Shelf during
the summer of 2005. Can. Tech. Rep. Fish. Aquat. Sci. 2824: iv + 25 p.

Nous avons utilis€¢ un mod¢le a effets fixes et un mod¢le a effets mixtes pour
déterminer les ajustements requis pour étalonner les estimations de 1’abondance des
poissons et des invertébrés entre deux navires de recherche. Le mod¢le a effets fixes
suppose que la probabilité de la disponibilité d’un poisson a la capture, par I’un ou 1’autre
navire, pour un ensemble donné de traits jumelés est égale, alors que le mod¢le a effets
mixtes suppose que cette probabilité est égale pour I’ensemble des traits jumelés, y
compris une estimation de la variabilité dans les traits comme erreur aléatoire. Le modé¢le
a effets mixes semble donner de meilleurs résultats que le modele a effets fixes : il a
permis de traduire la variabilité élevée entre les traits caractéristique du protocole de
relevé aléatoire stratifié¢ ou s’inscrit I’expérience d’étalonnage.

Les différences sur le plan de la capturabilité selon la longueur des organismes sont
marquées. Les plus grandes différences entre les navires se situent au niveau des
organismes les plus petits. Une relation curvilinéaire illustre le mieux I’effet de la
longueur sur la capturabilité, celle ci ayant tendance a plafonner pour les organismes de
plus de 26 cm environ.

Pour certaines espéces, les potentiels de capture variaient d’un navire a [’autre
selon I’heure du jour et la profondeur du trait, bien que dans la plupart des cas, les
différences étaient assez petites.



INTRODUCTION

Demersal surveys are conducted on Canada’s Scotian Shelf (NAFO Divisions
4VWX) to provide ecological information on species inhabiting the continental shelf and
slope waters off New Brunswick and Nova Scotia. The survey design emphasizes the
estimation of commercial groundfish abundance and distribution (Halliday, 1981), the
stratification focused largely on the distribution of cod, haddock and yellowtail flounder,
but is also utilized to collect data on invertebrate and non-commercial species. Beyond
abundance and distribution estimates, these surveys provide information on species
associations, predator-prey relationships, and basic biology of species sampled.

From 1982 through 2003 the Scotian Shelf Summer (4VWX July) survey was
conducted solely by one stern trawler, the Canadian Coast Guard Ship (CCGS) Alfred
Needler. This vessel was also used to conduct three other major standard surveys — the
Gulf of St Lawrence August survey, the Georges Bank February survey, and the Scotian
Shelf March survey. In August 2003 the Needler was seriously damaged by a fire while
at sea. Repairs to engine and generator systems were lengthy, and the vessel was not
ready to resume work until late August, 2004. Over the intervening period any standard
surveys that had been the responsibility of the Needler, including the 2004 July Scotian
Shelf survey, was conducted by another DFO stern trawler, the CCGS Teleost. However,
no data were available to quantify relative catchabilities of species between these two
vessels. Thus the Teleost contribution to these surveys could not be used to gauge trends
in abundance, or in any other time series context that required an assumption of equal
catchabilities between vessels.

Aside from the issue of how to interpret a single year of data provided by the
Teleost, over the period that the Needler was undergoing repair and refit, it was
recognized that the 24 year old vessel might not be available on a consistent basis for
future work. The Teleost was available as a replacement, but if used would also
constitute a break in the time series, with no way to interpret trends in abundances or
various other biological parameters from the Needler to the Teleost. To address this issue
an extensive series of comparative fishing experiments were conducted in 2004 and 2005,
covering five standard groundfish surveys conducted annually in Atlantic Canada. The
purpose of this document is to report on the results of one of these experiments — the
Scotian Shelf Summer (4VWX July) survey conducted in 2005.

Both vessels conducted most of the 2005 Scotian Shelf Summer survey in unison,
each collecting standard survey data according to the defined protocols for the survey.
Sampling included identification, weighing and enumeration of fish and invertebrate
species. Typically the sizes of individual specimens were measured, and individuals from
size-stratified subsamples were weighed. Large catches (over 200 individuals of a
species) might be subsampled for size-frequencies and the results of individual
measurements extrapolated to the whole catch on the basis of subsampled versus total
sample weight.



Past calibrations of survey vessel catchabilities in waters covered by the Needler
have used various modelling approaches to accomplish the task. The differences are
primarily concerned with attempts at dealing with the large magnitudes of variance
between sets characteristic of these surveys. A progression can be summarized from
jackknife estimation of simple ratios of Vessel.1/Vessel.2 (Koeller & Smith, 1983);
assuming a linear model with a beta distribution for the ratio of Vessel.1/(Vessel.1 +
Vessel.2) (Fanning, 1985); a generalised linear model relating the logged abundance of
one vessel to the other and disregarding sets for which the catch from either vessel was
zero (Nielsen, 1994); a generalised linear model with a binomial distribution for the ratio
of Vessel.1/(Vessel.1 + Vessel.2), plus estimating the overdispersion for use as a scale
parameter and disregarding sets only where the catches from both vessels were zero
(Benoit and Swain, 2003); and a mixed-effects generalised linear model (Cadigan et al,
2006; Benoit, 2006). The Needler itself was one of the subject vessels in all but the first
study.

The progression represents a succession of attempts to address the problematic
variance associated with survey sets. In all cases except the mixed-effects model,
preliminary analyses to identify and resolve outliers were a requirement. In the current
study we continue this progression in an attempt to account for the variance within tow
pairs, by the adoption of a generalised linear mixed-effects model similar to that
presented by Cadigan et al (2006), and compare results to a generalised linear fixed-
effects model of similar type to that presented by Benoit and Swain (2003). Comparison
of fixed-effects and mixed-effects model results parallels that of Benoit (2006), but using
a different modelling strategy. The Benoit (2006) study also incorporated much of the
Scotian Shelf paired-trawl data used in our study, along with a dedicated southern Gulf of
St. Lawrence paired-trawl experiment with the same vessels. Cadigan et al (2006) also
compared fixed-effects and mixed-effects models, but the paired tows were conducted by
sister ships with a Campelen shrimp trawl and only seven species of fish were
considered, whereas this study extends to a multitude of species (including invertebrates)
caught by non-sister ships using a Western Ila bottom survey trawl.

METHODS

The Scotian Shelf Summer 2005 survey was conducted by both vessels according
to the standard stratified-random protocol (Koeller, 1981; Doubleday, 1981) applied to
surveys since the early 1970’s. At the majority of comparative stations the Needler and
Teleost towed side-by-side on the same course, ideally not more than 0.5 nautical miles
apart. To the extent possible the depth range sampled by each vessel was the same for
each tow. The position of each vessel during the comparative tows (i.e. port or starboard)
was alternated on a tow-by-tow basis. On the shelf edge, where towing side-by-side
would result in considerable differences in depths sampled, one vessel towed ahead of the
other. The vessels were positioned such that the tows did not overlap, and the lead ship
was alternated on a tow-by-tow basis.



Standard 30 minute tows at a speed of 3.5 knots were attempted at each survey
station. While tow duration on occasion was shortened due to rough bottom conditions,
tows less than 20 minutes in duration were not considered valid. Catches were sampled
as per standard bottom trawl survey protocols, with numbers recorded by species and
length. Weights were also recorded by species, and some species were subsampled for
both length and weight, but only count data is treated here. All counts were standardized
for analysis to an ideal 1.75 nautical miles of swept area. This is the same adjustment as
historically applied to survey catches for the purpose of estimating abundance.

A number of species were poorly represented. Several were combined into groups
of related species for analysis — different and/or possibly different species of rocklings,
lanternfish, hookear sculpins (possibly all Atlantic hookear), grenadiers, and eelpouts
(possibly all Vahl’s). No species (or species group) represented by less than 25 specimens
from either vessel was treated, including some species (e.g. cusk, offshore hake, cunner,
mackerel, lumpfish) that sometimes feature more prominently in surveys than they did
with respect to the available paired tows in 2005. A total of 61 species remained after
applying the 25-fish selection criterion. Length-based analyses were restricted to fish
(and squid) species with 200 or more individual length measurements. Non-swimming
invertebrates were only addressed in terms of total numbers, regardless of whether the
sampling protocol included individual measurements. None of the poorly represented
related-species groups described above were treated for length effects. Species of recent
assessment interest that were not investigated for length effects because of the 200-
measurements criterion included halibut, wolffish, monkfish, pout, hagfish and several
skate species (smooth, little, winter). Length-based analyses were applied to 27 fish and 1
squid species.

The vessels worked around-the-clock throughout the survey, with sampling of
tows for the weights and numbers caught by species, and numbers by length, conducted
on board the vessels by two teams of field staff per vessel. Staff were assigned to
alternating 6-hour periods, termed watches, in order to maintain sampling on a constant
basis without undue fatigue. The survey was also comprised of two 2-week periods,
termed survey legs, for which most field staff were replaced with new personnel. Thus
we had a total of 8 field staff teams sampling independently over the course of the entire
survey. Historically, variations in the validity of certain sampling parameters (e.g.
identification of less common species) have been noted between watches. Thus
preliminary analyses of watch-specific relative catchabilities were conducted to flag
species for which results may be confounded by inconsistency in sampling protocols or
species identification. Due to the 6-hour alternation of the field teams, disparities in
sampling methodology between watches on the same vessel evidence themselves as sharp
changes in abundance over successive 6-hour time periods, producing a visibly distinct
‘zigzag’ pattern when summarized graphically over the four 6-hour blocks. Abundance
patterns were examined for such extreme discontinuities over the four watch periods,
which might indicate that a particular watch was not accounting for a species. A similar
check was made for very extreme but constant relative catchabilities across all watch
periods between vessels, which might indicate that both watches of one vessel were not
accounting for a species. And finally, where a species was common throughout both legs



of the survey, watch patterns in relative catchabilities were compared between legs to
check for extreme inconsistencies. Species exhibiting suspect patterns were then
discussed with watch personnel to determine if sampling or identification issues might be
responsible for the patterns.

Four species and four species groups were flagged by the preliminary analyses of
watch-specific catchabilities as likely confounded by sampling or identification problems.
All eight of these involved invertebrate species that have only recently been part of the
survey sampling protocol — sea cucumbers, sand dollars, sea urchins, starfish, Iceland
scallops, Jonah crabs, deep-water shrimp, and pink shrimp. Sand dollars were dropped
from consideration. The identification concerns for Iceland scallops and Jonah crabs may
also confound results for sea scallops and rock crabs, respectively.

In addition to the sampling/identification issues raised by examination of watch-
specific catchabilities, it is also known that white and red hake have often been confused
with each other in the past. If such a problem still exists, it could be a confounding factor
without showing up as a watch effect. Also, during consultations with staff on issues of
sampling and identification it was further noted that little skate and winter skate may be
confused with each other, which could compromise results for both species.

For all analyses we assumed a binomial distribution for the Needler catch, with
probability of success defined as the ratio of the Needler catch to the catches of the
Needler and Teleost combined,

logit (CatChNeedler/ (CatChNeedler+CatChTeleost)) = logit(pi) = ,Bvessel.

For analyses of species with no length measurements, only those set pairs containing
some catch for a species by at least one of the vessels were included in analyses (no set
pairs with 0 catches of a species by both vessels). For analyses that include testing for
length effects, only those set pairs containing some catch for a species by both of the
vessels were included in analyses (no set pairs with 0 catches of a species by either
vessel). This filter negates tow pairs where the species might not be equally available to
capture by both vessels due to spatial distribution, such as in marginal areas for that
species. This differs from the Benoit and Swain (2003), Benoit (2006), and Cadigan et al
(2006) approaches for species with potential for length effects, where set pairs with one
null tow were included.

The linearity of the regression relationship between relative catch and length, for
any species for which length was considered, was tested against a quadratic polynomial
of length, which we call LS. If the quadratic term demonstrated significantly more
explanatory power than the linear term alone, the quadratic term was retained in the
model. This will differ from past approaches, including Benoit and Swain (2003), Benoit
(2006), and Cadigan et al (2006), where changes in catchability with length were
assumed linear. Note that in cases where the quadratic component demonstrated
significance, any statistical tests associated with the linear component would be



compromised by colinearity with the quadratic component. In these cases the linear
coefficient is presented without any associated statistical test results.

For all models, depth and a diel variable (2100-0600/0700-2000 night/day split)
were tested as fixed effects. The choice of time periods for the diel variable was
motivated by an ad hoc examination of 1970-2005 Summer survey catchabilities by hour
for several species, and the correspondence of these historical patterns with dark and light
periods of the day. Standard length (the length of a fish from the tip of the snout to the
base of the caudal fin, or the dorsal length of the mantle for squid) was tested as a fixed
effect in models for species with over 200 measurements. The full model can be
expressed as

logit(pi) = Puessel T period + DEPTH + FishLength + LS.

Calibration coefficients were estimated from both fixed-effects and mixed-effects
models using S-Plus 7.0 with the MASS library (Venables and Ripley, 2002). The main
difference between fixed-effects and mixed-effects modelling was the treatment of the
variance. In the fixed-effects models the variance was estimated and the dispersion
accounted for when testing for significance (i.e. approximately binomial, dispersion not
assumed to be 1). In the mixed-effect models the within-paired-tow variance was
assumed to be a normally distributed random variable (random effect), with the
remaining variance assumed to be binomial (dispersion = 1).

The process of model selection differed slightly between the two modelling
approaches. In both cases we started with full models (all terms considered), and then
conducted single term deletions/additions to gauge the explanatory relevance of the
terms. The Akaike Information Criteria (AIC) of successive fixed-effects models were
compared using a Chi-square test (Chambers and Hastie, 1993) to determine the most
suitable hierarchy of main effects for a given species, with iterative removal of least
relevant terms. The probabilities of t tests were compared between the terms of mixed-
effects models to identify the least significant effect for removal in successive models.
With both approaches, terms demonstrating significance at P<=0.05 were retained in the
final models from which calibration coefficients were derived. Some notion of the
potential for the different methods of term selection to give divergent results between
mixed-effects and fixed-effects modelling was provided by conducting a parallel series of
fixed-effects models, on length-based species, using the same term selection method as
mixed-effects models (i.e. based on the probabilities of t tests).

Where modelling indicated that more than one fixed effect was significant for a
species, the model was expanded to test for interactions. These results are not presented,
but any significant interactions are noted.

A major feature of the fixed-effects modelling methodology that differs from past
approaches for calibration, was that we did not attempt to identify and remove outliers
from models. During initial analyses it appeared that the most problematic outliers were
associated with discordant pairs of tows, which the random effect in the mixed-effects



model resolved. Thus leaving the data as is for both approaches would demonstrate if
mixed-effects modelling was robust to the confounding role of outliers in this type of
experiment. One exception to this approach was the fixed-effects model for cod, in which
an extreme outlier set was readily apparent. In this case two fixed-effects models were
generated, one with and one without the anomalous set.

As an inferential test of the robustness of the glmmPQL models, we conducted
parallel GLIMMIX (SAS 9.1) models of the length-based analyses. The GLIMMIX
procedure is analagous to glmmPQL, differing in some details of the fitting methodology,
and using Wald-type significance testing of fixed effects, which some regard as more
conservative than the t tests used with glmmPQL.

To give some idea of the practical significance of the calibration exercise, we
applied adjustments to the 2004 July survey conducted by the Teleost on the Scotian
Shelf while the Needler was undergoing refit. Independent of the paired tows in 2005
from which adjustments were determined, the 2004 survey provides a means of gauging
the ramifications of calibrating estimates (or not). Note that the calibrated estimates are
derived solely from counts of measured fish. Sometimes not all individuals of a species
from a tow get attributed to lengths due to sampling error (failing to measure some
animals), such that the estimated total number can differ from that based on measured
fish. Usually the difference is trivial as sampling errors tend to involve very small
numbers of animals, but sometimes it can be of concern. In our data sampling error was
generally not a problem, but did produce a serious difference between total and measured
counts for dogfish, sufficient to confound a simple comparison of uncalibrated to
calibrated catch estimates. Thus in addition to the conventional uncalibrated estimates of
number per tow, we also computed parallel uncalibrated estimates based on number
measured per tow.

RESULTS and DISCUSSION

A total of 174 paired fishing sets were made during the July 2005 survey. The
experimental design was intended to ensure the fishing operations of the two vessels was
very similar. For depth fished, this was true, with paired t tests showing no significant
difference between the two vessels. A difference was found for distance towed, with the
CCGS Alfred Needler towing a significantly longer distance than the CCGS Teleost.
However, this difference was small (1.4%). In four cases, distance towed differed by
more than 20%, and these sets were excluded from further analysis. The locations of the
170 valid set pairs used in this analysis are depicted in Figure 1.

Benoit (2006), analysing results of the parallel Needler-Teleost calibration study
in the southern Gulf of St Lawrence survey, used independent models for each effect
(length, depth, diel effects), rather than conducting full models on all effects
simultaneously to establish significance of terms. During preliminary stages of analysis



of the Scotian Shelf Summer survey we compared independent single-effect models as
presented by Benoit (2006) to all-effects models. We found similar numbers of
significant effects overall, but a great many examples of divergent results, mostly
involving the significance of the intercept (the vessel effect). We believe that most of the
divergences in results between single-effect and all-effects models can be attributed to the
distributions of the unconsidered fixed effects within the considered fixed effect
distributions in single-effect models. Thus we did not feel that single-effect models
should be used to determine significant effects.

Results for sparsely sampled and non-swimming species, where length effects
were not considered, are summarized in Table 1 (fixed-effects modelling) and Table 2
(mixed-effects modelling). Sampling and identification issues are flagged as well in
Table 2. Occurrences of NaN probabilities and 0 degrees of freedom denote inability to
achieve a test of significance. These are all associated with species exhibiting too few
observed count pairs, in which both vessels had counts greater than 0, to resolve with a
mixed-effects binomial model. For many, if not all, of the species in these tables, the low
number of animals and/or non-zero tows available for analysis should be considered
before assuming results to be valid. We would extend this cautionary note to apparently
significant effects, as the number of tests in these tables are sufficient to produce a
comparable number of significant tests by chance alone. Thus Tables 1 and 2 might be
generally considered to represent cases of insufficient data to draw conclusions. Results
for length-based models are summarized in Table 3 (fixed-effects modelling) and Table 4
(mixed-effects modelling).

In comparing the 28 length-based models between glmmPQL and GLIMMIX,
results were consistent for 23 models. Non-trivial differences in results were observed for
5 models, all cases of GLIMMIX adding one significant term to a model relative to
glmmPQL. These divergences between methods appeared to reflect differences in fitting,
rather than simple shifts in probabilities between t test (glmmPQL) and Wald-type
(GLIMMIX) hypothesis testing. The length effect for silver hake and sandlance, both
recognized as problematic fits during glmmPQL modelling, was fit by GLIMMIX as a
quadratic. A linear length effect was determined by GLIMMIX for longhorn sculpin and
capelin, neither of which presented any significant effects with glmmPQL modelling.
And depth was added as a significant effect by GLIMMIX for herring. As an overall test
of robustness, the consistency in results for most models is encouraging.

Comparing Methods of Analysis

We noted far more parameters demonstrating significance at P<=0.05 with fixed-
effects modelling than mixed-effects modelling. Significant effects in final models
totalled 61 with fixed-effects models versus 30 with mixed-effects models for length-
based species (not counting quadratic extensions to the length parameter), and 13 versus
6 for non-length-based species. The two modelling approaches tended to correspond in
their portrayal of length effects to a far greater degree than other effects. Parameters
attaining significance in fixed-effects models but not mixed-effects models showed a bias
toward those effects associated with set variance (intercept, period, and depth). This



suggests that for fixed-effects modelling, some of the apparent differences in catchability
between vessels may be misattributed variance between sets, which the mixed-effects
modelling treats as random variation.

The parallel series of fixed-effects models on length-based species using t test
significance for term selection revised the final model for only one of the 28 species
(yellowtail flounder), and the revision was minor, changing the calibrated estimate by
about 3%. This suggests that differences between fixed-effects and mixed-effects
modelling in the process of ranking relevance of effects had little influence on results.

Considering just those species subject to calibration by both fixed-effects and
mixed-effects modelling (disregarding fixed-effects models for the 7 species showing no
significant parameters in mixed-effects models), absolute differences between
uncalibrated and calibrated estimates averaged out to about 40% of the uncalibrated
estimates (Table 5, and using the results from the cod model with the outlier removed).
However much of the difference was due to species for which the survey was not
explicitly designed. Focusing on typical groundfish species (cod, haddock, flatfish
species, dogfish), mixed-effects modelling usually produced adjustments within 10-15%
of the uncalibrated estimates. Adjustments from fixed-effects models remained higher,
however, averaging in the 30% range.

Comparisons of Vessels

We believe the calibrations from mixed-effects modelling to be more reliable than
those derived from fixed-effects modelling, being less susceptible to the influence of set
variability in general, and outliers within set pairs. For the purpose of examining
differences in catchability between vessels related to specimen length, diel and depth
effects we chose to focus on predictions from mixed-effects models.

For length-based analyses with all terms in the models, we found significant
(P<=0.05) differences in catchability between vessels for most species. Differences in
catchabilities at length predominated as a significant fixed effect. Significant intercepts at
P<=0.05 are usually associated with significant differences in catchability at length.

Most of the instances of a significant length effect appear to fall into three broad
categories. Typical groundfish species (cod, turbot, plaice, witch, yellowtail, dogfish) for
which the survey was originally designed give a mix of patterns with respect to shapes
and slopes, but with narrower ranges in their upper/lower limits of relative catchability
than other species (Figure 2). Higher catchabilities for the Needler are usually associated
with smaller or larger animals (even both for witch), while the vessels exhibit closer
catchabilities over the more central majority of lengths. Very small and/or very sedentary
species (rosefish, mailed sculpin, sandlance, shanny) are characterized by low Needler
catchabilities for the smallest fish grading to high Needler catchabilities for the largest
fish, with extensive ranges between the lower and upper catchabilities (Figure 3). The



more pelagic species (herring, silver hake, squid, redfish, pollock) give a mix of
catchability patterns and ranges (Figure 4). Redfish and herring are characterized by
higher Needler catchabilities at smaller sizes grading steeply to higher Teleost
catchabilities at larger sizes. Needler catchabilities of silver hake and squid increase with
length, but over very narrow ranges. Pollock, distinguished by its relatively large size,
shows very low Needler catchability that only approaches that of the Teleost for the
largest fish. The eel-like blenny and very deep-water longfin hake (Figure 4) are too
unique to categorize.

Examining catchability by length across all 17 species characterized by significant
length effects in mixed-effects models (Figure 5) shows a broad pattern of lower Needler
catchabilities for the smallest fish rising sharply to higher Needler catchabilities in the
15-25¢cm range, followed by a drop to similar catchabilities for fish over 25cm (the
emphasized length range from 8-46¢cm is represented by 5 or more species). Many of the
species-specific patterns reflect this broad trend, the particular shape varying according to
the length range of the species. In overview, these results suggest the largest differences
in catchability of the vessels for fish under about 26¢m.

Diel differences in relative catchability significant at P<= 0.05 were exhibited for
seven species in mixed-effects models (Figure 6). Most of the differences were of small
magnitude, and no large differences were associated with typical groundfish species.
Large differences were associated with blenny (higher Needler catchabilities during the
day and lower Needler catchabilities at night) and alewife (much higher Needler
catchability at night). Five species demonstrated trends in relative catchability with depth
that were significant at P<= 0.05 (Figure 7), all but one (rosefish) of fairly small
magnitude.

Mixed-effects model tests for interactions (P<=0.05) revealed some concern with
redfish calibrations. Interaction of diel period with both length and depth proved
significant. It appears we only see a relationship between catchability and either redfish
length or tow depth for daylight fishing. The relationship disappeared at night. This
suggests that the difference in catchability may be related to a visual response of redfish
to the gear. Unfortunately visual features of the survey gear, such as colouration of
components, was not a consideration in the survey design.

The Needler generally caught more fish than the Teleost (Table 6), as also
observed by Benoit (2006). Of the most abundant species caught in the Summer survey
(those considered for length-based analyses), and disregarding cases where either of a
pair of sets was zero, the Needler had more sets in which a given species was more
abundant than their associated Teleost sets for 21 of the 28 species treated (X-square =
6.0357, p = 0.014, null probability of 0.5). Teleost abundances were greater for 6 species
(1 tie). Overall numbers caught (summed over sets) don’t necessarily reflect this situation
for all species, as an anomalously large set can overwhelm a given sum.

Comparing the results of this study with that of Benoit (2006), we found notably
more significant effects overall, but especially more significant length effects. We believe
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inconsistencies in results between studies derive primarily from the difference in our
approach to handling the length variable. We tested the animal length effect for
curvilinearity, treating the term as a quadratic where appropriate. The Benoit (2006)
study only considered length as a straight-line regression term. Essentially half the
species showing a significant difference in catchability between vessels in our study were
characterized by curvilinear patterns in catchability with length. In some cases the
resulting curvature was so pronounced as to produce a null straight-line regression. Witch
flounder and blenny, for which no length effect was found in Benoit (2006), are extreme
examples of such curvature (see Figures 2 and 4). Another possible source of diverging
results between studies was our use of all-term models to determine effects, whereas
Benoit (2006) used separate models for each fixed effect. Where more than one fixed
effect is relevant, discerning a given effect may be confounded by the influence of
unconsidered effects.

CONCLUSIONS

The generally higher catchabilities of the Needler should be considered in light of
the different selectivities by length of the two vessels. The Needler demonstrated higher
catchabilities than the Teleost for fish in the 15-25c¢m range. As almost half of all the
measured specimens in the comparative study fell into this length range, the overall
relative catchability appears to reflect this preponderance of 15-25c¢m animals.

From a practical standpoint, most of the adjustments for catchability are of less
magnitude than the standard errors of abundance estimates. This is especially true for
calibrations based on mixed-effects models, where only 5 of the 28 species considered for
length-based analyses would pose adjusted estimates that differed from their unadjusted
counterparts by more than the standard errors of the estimates. And none of the 5 species
requiring the larger adjustments (pollock, longfin hake, sandlance, blenny, sea poacher)
are regarded as species for which the survey was intended. With fixed-effects modelling,
11 species would receive adjustments of larger magnitude than their standard errors. With
respect to typical groundfish species (cod, haddock, flatfish species, dogfish) adjusted
estimates from mixed-effects models average within 10% of unadjusted estimates, while
those from fixed-effects models average within 30%.

We believe the fixed-effects modelling is vulnerable to spurious influences of set
variability, especially for species represented by smaller numbers of sets. It also seems
highly sensitive to outliers, even with large numbers of sets as demonstrated by the cod
models. Lesser sensitivity of mixed-effects models to outliers in comparative survey data
was also noted by Benoit (2006) and Cadigan et al (2006). We therefore believe that the
mixed-effects models provide more appropriate coefficients for adjusting Teleost catches
to Needler equivalents.

The choice of modelling approach might be debated. Thus we have presented the
coefficients for both fixed and mixed-effects final models (restricted to significant terms
only) in Tables 7 and 8, giving the researcher or assessor the choice of how to address



11

Teleost catchabilities for a given species. Table 9 is just a simple lookup table with the
suggested calibration coefficients from the mixed-effects models. An adjustment equation
takes the same form in all cases:

Calibrated Catch of Teleost = Catch of Teleost * exp(Intercept + (Diel Period Coefficient
* Diel value) + (Depth Coefficient * Depth) + (Linear Length Coef * Length) +
(Quadratic Length Coef * Length?)
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Figure 1. Locations of valid set pairs used in analyses. The 4VWX Summer Survey strata
are also shown.
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Figure 2. Relative catchabilities of typical groundfish species exhibiting different
selectivities at length between vessels (significant at P<=0.05). The values are
predictions from mixed-effects models, and values associated with trailing
portions of a length distribution are omitted.
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Figure 3. Relative catchabilities of very small (mailed sculpin, shanny, rosefish,
sandlance) fish species exhibiting different selectivities at length between vessels
(significant at P<=0.05). The values are predictions from mixed-effects models,
and values associated with trailing portions of a length distribution are omitted.
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Figure 4. Relative catchabilities of uncategorized species exhibiting different selectivities
at length between vessels (significant at P<=0.05). The values are predictions
from mixed-effects models, and values associated with trailing portions of a
length distribution are omitted.
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Figure 5. Mean relative catchabilities at length across all species exhibiting different
selectivities at length between vessels (significant at P<=0.05). Larger symbols
denote fish lengths represented by 5 or more of the 17 species depicted in Figures
2-4.
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Figure 6. Relative catchabilities of species exhibiting diel differences in catchability
between vessels (significant at P<=0.05). The values are predictions from mixed-
effects models.

0.9
0.8 -

0.7 ” —e— REDFISH

0.6 ‘WL —= YELLOWTAIL
8:2 | ~n ALEWIFE

03 ROSEFISH
0.2 —x— COD
0.1 1

Needler/(Needler + Teleost)

D S R S RO IR SR
Depth (m)

Figure 7. Relative catchabilities of species exhibiting differences in catchability between
vessels with depth (significant at P<=0.05). The values are predictions from
mixed-effects models, and values associated with trailing portions of a depth
distribution are omitted.



