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"Assessment Unit": A group of fish that are assessed as a unit.
The assessment unit will usually correspond to the management
unit, but where biologically-distant groups are exploited
together, two or more assessment units could be combined into
one management unit.

"Population Unit": Any group of fish which has some biological
reality. Species, demes, single year-classes within a deme,
and elementary populations (Lebedev, 1967) are all population
units. A year-class of several species combined is not a
population unit.

This definition of a population unit is deliberately broad. However, it
is generally observed that they are arranged in (usually hierarchical)
structures. Hence:

"Population Structure": The arrangement of population units in the
population. (Where a “population" includes all species
inhabiting a given area.)

This latter term has been used before. Fisheries biologists have
generally used it for "age structure of the population", while population
geneticists have used it for “genetic structure of the population". Both
of these meanings are included in the above definition.

The task of determining "stocks" becomes one of selecting
appropriate population units, which fit the assumptions of the assessment
models. These assessment units must yield management advice that can be
applied to management units that are appropriate to the fishery.

This paper attempts to apply these concepts to the redfishes of the
Scotian Shelf (NAFO Divisions 4VWX). It is primarily based on a review
of previously published studies, with the addition of some new data. It
is necessarily discursive, and even speculative, since the data needed to
answer several important questions are lacking.

REDFISH POPULATION STRUCTURE

Taxonomy and Occurence of Species

The redfishes comprise the genus Sebastes. Three species are
presently recognized in the northwest AtTantic: S. marinus, S. mentella,
and S. fasciatus (Robins et al., 1980). The distinction between the
first pair is now generalTy accepted. The separation of S. mentella and
S. fasciatus has been supported on phenotypic grounds by Barsukov (1968,
1972), Barsukov and Zakharov (1972), Templeman (1980) and Ni (198la, d).
Kenchington (in prep.) has questionned this conclusion, and has shown
that, on the Scotian Shelf, a range of meristic and morphometric
characters of the two groups overlap. However, preliminary electro-
phoretic work by McGlade et al. (in prep.) suggests that these groups are
sufficiently genetically different to represent subspecies or even

species.

Thus, it appears that there are three distinct gene pools ‘amongst
these redfishes. For convenience, they will be refered to as species
although this status may not be fully justified.

Kenchington (1980, in prep.) and Ni (1981b, c) have shown that
S. fasciatus is the predominate species on the Scotian Shelf, while
5. mentella is mixed with it along the continental slope. Anal fin ray
counts are the best single external character for separating these
species (Ni, 198la). Ni's (1981b) values for this character suggest that
S. fasciatus is found as deep as 600 metres in these Divisions, while
S. mentella does not occur above 300 metres. Data from various surveys,
examined by the author, support these depth ranges.

S. marinus is rare on the Scotian Shelf. The only confirmed
specimens were collected by the author at the easternmost tip of
Banquereau Bank during a recent cruise. For fisheries management
purposes, this species can be ignored.
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stratum, a median, range and inter-quartile range were calculated (Table
1). Corresponding percentages were calculated for each stratum for each
of the spring and fall surveys. If, as hypothesized, redfish make very
limited migrations, most spring and fall percentages should fall within
the ‘July ranges, and about half should fall within the inter-quartile
range, for their stratum.

Table 2 and figures 2 and -3 indicate the deviations from this
pattern. It can be seen that deviations do occur, but they have no
interpretable pattern. These results could be produced by various forms
of migration, but they are consistent with a hypothesis of annual
movements on a similar scale to the sizes of strata (approximately 50 km).

Superimposed on these Timited annual movements are extensive, slow,
unidirectional "drifts". Mayo (1980) found evidence for a gradual
movement into deeper water, with increasing age, by S. fasciatus in the
Gulf of Maine. Templeman and Squires (1960) suggested slow movements of
redfish -along the Continental Slope southeastwards from.Labrador and
westwards in the Laurentian Channel, based on the presence of the dead
heads of the parasite Sphyrion lumpi in their flesh. Such heads are
found in some fish off Eova Scotia, although live Sphyrion have very
rarely been seen on the Scotian Shelf. A similar dr1¥t has been .
suggested from NAFO Division 3¢ to 3N (Konstantinov and Noskov, 1980) and
(by Sebastes jordani) along the coast of California (Lenarz, 1980).

For the Scotian Shelf, a series of length frequencies of redfish
were- prepared by Clay (1980) and repeated (with annual additions) by
Kenchington (1981) and Zwanenburg et al. (1982). Clay (1980) suggested,
on the basis of these, that there may be a movement from Division 4Vs to
4Vn (which might continue as the westward movement in the Laurentian .
Channel ‘noted by Templeman and Squires, 1960). The lack of small. redfish
in the Fundian Channel. (Clay, 1980) suggests either total .recruitment
failure or, more probably, a drift intoe this area from elsewhere. .

Larval Distribution

It follows from the limited annual migrations suggested above that
larvae should be released in all areas inhabited by adult redfish,:and so
the distribution of newly-released larvae should approximate to that of
the adults. The only suitable larval data are those of the Scotian Shelf
Ichthyoplankton Program; - Data are presently available for 8 cruises,
spread over 20 months and covering every month of the year except October
and December. Of the gears used, only Bongo net catches have yet been
studied.

For each cruise in which redfish were caught, a chart was prepared
showing the catches of all redfish larvae (defined as being less than
14mm in Tength), and another showing catches of those of length 7mm or
less. (For some stations no larvae were measured, resulting in spurious
"zero" catches for this size class.) . This length is a compromise, being
approximately the size at release (Taning, 1961; Bainbridge and-Cooper,
1971; Moser et al., 1977) and yet including sufficient records to give:
meaningful charts.

No redfish were taken by cruises between November and February.
Only one larva was taken by Bongo net in September. The charts of
complete catches for the five remaining cruises form figures 4 to 8. The
boundary of the surveyed area is shown in each case. Figure 4 shows
there to have been few larvae over the Shelf in the March-April period,
but it should be noted that the survey did not include Banquereau Bank,"
and indeed the highest concentrations of larvae were taken at the edge of
the surveyed area.

In May (Figure 5) the pattern was quite different with larvae spread
all over the eastern half of the Scotian Shelf, and-on.Georges Bank.
~June and. July showed even wider dispersal, while by August (Figures 7 and’
8) the center of concentration had moved to the western half of the
shelf.

The charts for small larvae (Figures 9 to 13) show that they are as
widespread as the larger ones. (Major differences from the earlier
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dispersed. If the parental group were involved in a long-term drift
migfation, releasing larvae at a different point each year, navigation
during a contranatent migration becomes almost inconceivable. Therefore,
I suggest that such a migration is limited to moving up the mean current
sufficiently for the center of the hypothetical "hill" mentionned above
to coincide with the parents' position. The offspring of any one group
of redfish could, therefore, recruit over a wide area.

The extent of this area is quite unknown. If, as Allendorf and
Phelps (1981) have suggested, an interchange of even a very few
individuals per generation can prevent genetic divergence (in the absence
of selection), then pre-recruitment movements may be sufficient to
maintain genetic similarity within redfish species across very large
areas of the northwest Atlantic. Sufficient recruitment to affect future
catches would be more localized, but if.good larval survival in the Gulf
of St. Lawrence coincided with a particularly strong outflow through the

: Cﬁb?$ Strait, it might well result in a strong year-class on the Scotian
Shelf.,

- If this degree of pre-recruitment movement occurs, young redfish
should be found outside the adult range and unable to return. When these
die before maturity, they demonstrate only the high mortality that is
typical of ichthyoplankton. However, when they survive and form an
expatriate (non-breeding) population, they show that mass movements of
viable young fish can occur. . Zakharov (1962) has suggested that the
southwest Greenland redfish were such an expatriate population, sustained
by larvae from Iceland, until rising water temperatures (in 1924) allowed
them to mature. ‘ '

REDFISH MERISTICS AND MORPHOMETRICS

Introduction

The ideas developed above should be tested in various ways,
including tagging and electrophoretic studies. However, the only data
that are available at present are a file of meristic and morphometric
characters for Scotian Shelf. redfish. ~These were originally gathered for
~ a more conventional study of "stocks” and so are not ideally suited to
present purposes. They are only useful for Sebastes fasciatus.

These data have already been used in a study of the differences
between Sebastes fasciatus and-S. mentella (Kenchington, in prep.). It
was shown that the morphometric data indicate:isometric growth and, when
the effect of size is removed, approximately normally=-distributed
residuals. The meristic characters, on the ‘other hand, have severe
departures from normality.

Methods

Most of the fish were collected during routine groundfish surveys. by
Marine Fish Division. Four were collected from an inshore fisherman's
bycatch; in St. Margaret's Bay, N.S. The rest were gathered during other
research cruises, including deep -trawling on the Continental Slope and an
intensive groundfish survey of the Roseway Bank area. -The distribution
of sets (Figure 14) covered all parts of the Scotian Shelf, -but with the
greatest density between 62° and 66° west longitude. 876 fish were
included in the original data file.

Up to forty morphometric and meristic characters were recorded for
each fish. Those which were taken for sufficient individuals to be used
here are shown in table 3. Morphometric measurements were taken to the
nearest millimetre using dividers and a measuring.board. - Dorsaland anal
fin ray counts exclude the final half element. Vertebral counts were
taken from radiographs, and excluded the urostylar half vertebra.

These data included the blackbelly rosefish (Helicolenus
dactylopterus) as well as all forms of Sebastes:found in the. area.
Helicolenus were identified on the basis of their dorsal fin spine, anal

et e iy
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fin ray, and vertebral counjs (Kenchington, 1980) and were eliminated
from the file. Sebastes mentella can be distinguished from S. fasciatus
by a combination of anal Tin ray and vertebral counts in most cases (N1,
1981a). Fish with 31 vertebrae or 9 or more anal fin rays were therefore
identified as S. mentella. |These were found in four sets. Fish with 8
anal fin rays and 30 vertebriae could be either species. For the four
sets in which S. mentella occured, they were identified as that species
(32 fish). In all other cases they were.considered to be S. fasciatus
(41 fish). After S. mentellla had been removed from the data file, 733
fish remained. 586 of these| had a complete set of meristic data, while
710 had all the morphometrics.

Because of the effects of size on morphometric characters, and
because of the distributionat problems with the meristic data, the two
groups of characters were separately analysed throughout. The
morphometric data were first{subjected to a principal components analysis
(using BMDP4M, in the Biomedrcal Computer Programs package). This
analysis was based on a covariance matrix of logarithm-transformed data.
The first factor calculated by this analysis was taken to represent
"size" (Pimentel, 1979), and| the remaining factors were considered to
summarize the "shape" of the| fish, ‘independent of the size of the
individual. Each transformeg morphometric character was then regressed
against factor 1, and the residuals calculated. These residuals are
alternative, size-independenI, measures of shape.

The variation of morphology was then examined by plotting, for every
fish, each character (raw meﬂistics, morphometric residuals and the
factor scores) against: its|position along the Scotian Shelf (from a
line drawn along the center of the Laurentian Channel) and across the
Shelf (from a 1ine drawn along the Bay of Fundy,. perpendicular to the
above line), its depth of ca&ture, and its season of capture (with winter
coded as 1 and fall as 4). %eparate plots were prepared for each sex, as
well as ones for sexes combimed.  Correlation coefficients were
calculated for every pair of |[variables. (BMDP6D was used for these
plots.)

Discriminant analyses (using BMDP7M) were used to check for
significant differences between various groups of fish. Analyses were
performed between sexes, between fish caught in each of the NAFO
Divisions 4Vn, 4Vs, 4W, and 4X, and between fish caught in each of three
potential management units. (These were the Shelf and Slope groups (a
separation first suggested by Martin (1953), and here using the line from
Scaterie to Western Bank and ithence to Browns Bank, which was suggested
by Kohler, 1968) and a Gulf df Maine group, defined as west of a line
drawn due south from Cape Sa 1e. Separate analyses were performed with
raw meristic data and with morphometric residuals. The use of these
residuals removes the effects| of fish size, without loosing a direct
correspondence to the raw data (as would occur with the factor scores).
Furthermore, discriminant anallysis requires some correlation between
variables (Pimentel, 1979) whhch is lacking for the orthogonal factors
produced by principal components analysis. Apart from the between-sexes
analysis, separate analyses were performed for each sex for the
morphometric residuals.

Finally, the data were c]ustered For clusters of individuals,
BMDP2M was used, first with raw meristic data and secondly with factor
scores from the second and sugsequent factors produced by the pr1nc1pa1
components analysis. The distance measure used was "sums-of-squares”, a
form of Euclidean distance. T

McGlade (1980), using a matrix of distances in discriminant space.
Unfortunately, the available ¢omputer could not perform a discriminant
analys1s between the large number of sets involved. Three separate
anaiyses were therefore prepaqed for both the meristic and the
morphometric data, using the same forms of data as in the earlier
discriminant analyses. In eadh analysis, the least disimilar sets (based
on the F-matrix) were combined iteratively, provided that no set was
added to a group if it was significantly different (at P < 0.05) from any
set already .in the group. The positions of these sets were then
examined, and non-adjacent sets were removed from each group. This

Clusters of sets were baied on an adaptation of a method devised by
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process yielded 26 sets and groups of sets with morphometric data and 23
with meristics. Further discriminant analyses were then performed, with
separate analyses for each sex and for combined sexes with morphometric

data. From the values of the canonical variables at each group centroid,
the distance between the centoids (in discriminant space) was calculated.

These distances ignore dispersion within the groups, whereas
McGlade's (1980) method, using (for each pair of groups).the mean of the
distances from the centroid of one to the individual points in the other,
takes it into account. The method used here was chosen for its.
practicality, and should be seen as only a first attempt at the analysis.

. The resulting matrices of distances were clustered using.BMDPlM.
Complete linkage was used to minimize "chaining" in the clusters.

Results

The principal components analysis produced a first factor that had
strong positive loadings by all the characters, and accounted for over
70% of the variance of the data set (Table 4). ‘It can therefore be
considered a measure of overall size (Pimentel, 1979). The other factors
had weaker loadings, some of which were negative, and thus they represent
summaries of the shape of the fish. Plots of the factor scores (Figure
15) suggest. a single group with an approximately multivariate-normal
distribution of internal variation.

The scatter diagrams relating morphological characters to .
environmental variables showed 1little interpretable pattern. Figure 16
shows selected plots. The correlation coefficients are listed in table
5. -Although there are many significant (at P < 0.01) correlations, the
highest value of r is only 0.319 (r2 = 0.147). Such weak correlations,
although statistically significant, may not be biologically meaningful.-
Correlations with the along-Shelf variable have some consistency between
sexes, and suggest that more southwesterly fish are larger, relatively
_shorter and deeper bodied for their size, with fewer vertebrae.
Inspection of the scatter diagrams (Figure 16) shows that the size
increase is due solely to the presence of larger fish at the extreme
southwest. These fish were caught in the Fundian Channel. The other
trends seem to be more continuous. Morphological trends across the Shelf
are less consistent, but at least snout length appears to increase
slightly offshore. Depth, perhaps surprisingly, shows little relation to
morphology. Factor 4,.to which it is significantly correlated, has a
positive loading by interorbital, and negative ones by snout, schabel and
orbit (Table 4). The correlations with season are also weak (showing
that there is no -great change in the characters of the fish present, and
hence adding support to the hypothesis. of limited migration).and may be
artifacts of sampling different areas in each:season. The rate of
"growth" implied by the correlation between season and factor 1 (i.e.
size) is too high to represent growth in this species.

0f the discriminant analyses between sexes, the one on meristic data
found a significant difference only in pectoral rays (Table 6). Since
this is not used in discriminating between sets (see below) it could be
ignored and sexes can be considered together for analysis of meristic
data. For morphometrics, however, there were considerable differences
between the sexes (Table 6), showing that separate analysis is necessary.

~ The discriminant analyses between areas (NAFO Divisions and
Shelf/Slope/Gulf of Maine) found a variety of significant differences
(Table 7). These differences involve the same data that showed the
trends described above, and are the result of dividing the along-Shelf
and across-Shelf variables into discrete units and then comparing them.
The significant differences do not indicate that the areas represent
distinct groups of fish, as is shown by the low percentages "identified"
to their own area by the discriminant function (Table 7).

The clusters of individuals are not shown hére because of their size
- (several hundred:fish in-each). They show no interpretable patterns:and:
appear to indicate a single, internally variable, group. The
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s involve more groups than variables, and so
No results are used here, except for the
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group some non-adjacent sets| and there is little consistancy between the
- sexes and between meristic apd morphometric data.

‘Summary

Both the principal components analysis and the cluster of
individuals suggest that these fish were drawn from a single group.
However, the discriminant analyses show that there are significant
differences between NAFO Diviisions and between Shelf and Continental

Slope areas.

The scatter plots and accompanying correlation coefficients

suggest. that these differences are composed of continuous trends, or such
small steps that they are concealed by variation within each step.
Clusters of sets failed to demonstrate clear units within the group.

Taken together, these nesults appear to indicate that the redfish of
the Scotian Shelf vary phenotypically in a more-cr-less continuous

(though not constant) way.

Any steps in that gradient cannot be

dectected with the present data set and methods. -Such phenotypic
variation is consistent with| the genetic relationships suggested on the

basis of hypothetical pre-recruitment movements.

prove those relationships.

It does not, of course,
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Although his ideas have been almost unrecognized by fisheries
biologists outside the USSR, Lebedev (1967) was able to present a great
deal of evidence for his theory and to show examples in many species. He
suggested that the "stocks" of redfish, which Yanulov (1962a, b) had
described from the northwest Atlantic, might actually be elementary
populations. = However, this was probably an error on Lebedev's part,
since Yanulov's "stocks" were large. (each occupied one or more NAFO
Divisions), and comprised fish of all ages.

Subsequently, Altukhov (1974, 1981) has described much smaller
groups of redfish from NAFO Subarea 3, to which he applied the term
“"elementary population", His analysis was based on trawling data from
NAFO Divisions 3KLNOP (Altukhov, 1974). He compared length-frequencies,
sex ratios and "features of the interlinking of catches" (by which he may
mean geographic proximity) to group the sets into 22 elementary
populations. He then:demonstrated differences between these populations
in a genotypic character: the frequency of the A blood group.

Unfortunately, there are a number of difficulties with Altukhov's
(1974) analysis. Firstly, he presented no statistical test of the
observed variations in gene frequency. However, an attempt by the
present author to recreate Altukhov's data from his published figures and
to test them, suggested that at least some of the elementary populations
had very significantly different gene frequencies. Secondly, in his
original study, Altukhov did not separate Sebastes fasciatus from
S. mentella, He rexamined his samples after Barzukov and Zakharov's
(1972) study was published, and concluded that S. fasciatus was only
found in 6 of the 72 sets (Altukhov, 1974). However, examination of Ni's
(1981b, c) data strongly suggests that a majority of the redfish at the
depths at which Altukhov fished are S, fasciatus. Thus, the genetic -
differences might be due to varied mixtures of two species, rather than
to intraspecific differences. This requires further study. Finally,
Altukhov applied the term "elementary population" to groups containing
several year-classes (some varying in length from less than 20 to more
than 40 cms (Altukhov, 1974), which represents perhaps 20 years of growth
in these fish). Such a group is certainly not an elementary population
in Lebedev's (1967) original sense, and it may not be a meaningful
population unit. 'In conclusion, there is no evidence from the Scotian
Shelf to suggest that the redfish form any kind of -elementary population..
or other group within their year-classes, but Altukhov's work may suggest
the existence of such groups. i -

Whatever the smallest units may be, they undertake limited annual
migrations, and so can only interbreed with other fish 1iving in their
own locality. Some of these individuals or units undertake prolonged,
slow drift migrations.

The above hypothesis is in no sense proven. Indeed, in parts. it is
little more than speculation. However, it is the best available. "
hypothesis at present, and provides some basis for a discussion of
management strategies.

Fisheries Management

It is clear that the population structure described above does not
have a unique population unit that is ideal as an assessment or
management unit, in the way that a conventional "stock" is ideal.
Instead, it has a hierarchy of units, each of which has advantages and
disadvantages as a unit for management purposes. 'To determine which is
best, one must first examine the needs of fisheries management and the
fishing industry.

Firstly, it should be pointed out that the arrangement of assessment
and management units must be linked to the population structure. This is
an intuitive conclusion, but has been supported by theoretical studies
(Paulik et al., 1967; Fukuda, 1973) and by practical experience (e.g.
whaling management and the "blue whale unit"; Gulland, 1974). Failure to
manage ‘distinct population units separately leads either to the setting
of -lower -Total Allowable Catches than might have been, or to:the
oVerixploitation~bf some population units (Paulik et al., 1967; Fukuda,
1973). i :
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Fisheries management in {the northwest Atlantic is not presently
concerned with the genotype dr the fish caught. This is a legitimate
concern in freshwater fisheries, where the loss of small,
genetically-specialized populiation units results in a reduction of
genetic diversity. In the sea, however; the total loss of a genotype is
unusual. Given the size of ﬁhe genetic units suggested for redfish, this

problem can be ignored.

Futhermore, management ﬂs not generally concerned with the abundance
of recruits. Stock-recruit relationships are only invoked when adult
abundance is seriously depressed: a situation that has not yet occured
for northwest Atlantic redfish.

Thus, the concern of fisheries management lies in maximizing yields
from the recrulted fish that ‘are available. Assessment methods usually
involve a combination of reseﬁrch vessel and commercial data and the use
of sequential population and lyield-per-recruit analyses. It is,
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However, it may also lead to the gathering of the appropriate data.
Therefore, and on the tentative assumption that the population structure
suggested above is a reasonable approximation to reality, I suggest-the
following strategy: -

1. Determine, by research vessel survey, where redfish of
commercial size and of each species occur.

2, Determine, from log books and observer records, where the
fishery occurs, and which species are caught.

‘3. Hence, determine which concentrations of redfish are'being most
heavily exploited.

4. Assess these concentrations separately, using whatever data and
analyses are available, and making due allowance. for drift
migrations of adults (into or out of these assessment units) and
for the effects of the "patchwork" of elementary populations or
individuals on the data (especially on estimates of numbers at
age and catch per unit effort).

5. Shm thé allowable catches,‘and increase this 'sum by the pro-
portion of the total catch that is taken outside the assessed
areas.

6. Apply the resulting Total Allowable Catch to the entire
management unit,

7. Continue to monitor the distribution of fish and fishery to : b
ensure that removals from each area remain within the surplus
production of the local population.

Such a strategy could be applied to much wider areas than the
Scotian Shelf, but fishing effort would tend to concentrate on grounds
near the fishing ports (to save fuel costs). If the Total Allowable
Catch were reduced to protect these areas, production would be wasted on
more distant grounds. . Thus, management units: should remain reasonably
small so-as to.spread-the. fishing.effort. :Either:the entire Scotian .
Shelf ‘or each of its separate NAFO Divisions might be. suitable management
units. ' ‘
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Table 2. Summary of seasonal deviations in contributions of each stratum.
SPRING . FALL °

STRATUM 1979 1980 OVERALL 1978 1979 1980 OVERALL
4Vn )
0 NO DATA - NO DATA - NO DATA NO DATA .. - - -- -
41 NO DATA  NO DATA NO DATA NO DATA + ++ +
42 NO DATA .. NO DATA  NO DATA NO DATA .
4Vs ‘
3 . NO DATA . . . ++ N
44 - - - - - . -
45 . NO DATA . . + + +
46 - + . + + . +
47 NO DATA ++ + . .
48 . . . . ++ +
49 NO DATA . . + +
50 . + . + . .
51 ‘NO DATA - -7 . - +
52 + . . . - .
LY ‘ '
-53' . - 0 . ++ - -
54 . . . . . .
55
56 . . . . .
57 . NO DATA . : +
58 . NO  DATA . .
59 . ° - . - - - -
60 . -- - -- - -- -
61 . ++ + - - - -
62 + - ? ++ - ++ +?
63 . s . . o
64 . S
65 ++ . + ‘
66 + - . ++ ++ - +
4
70 NO DATA . J : - - S -
71 NO DATA - -? - . - -
72 NO DATA + +? NO DATA . . .
73 NO DATA . . NO DATA . . .
74 NO DATA . . NO DATA . ++ +
75 NO.  DATA ++ + NO DATA . ++ +
76 NO DATA . . . . + .
77 NO DATA . . ++ . . +
78 NO DATA ++ + + + . +
80 NO DATA . . . . . .
81 NO DATA . . : . . . .
82 NO DATA . . + + ++ +
83 NO DATA . . . . . .
84 NO DATA + +? + + + +
85 NO DATA . . . ++ . +
90 NO DATA . . + NO DATA: - . .
91 NO DATA + +? ++ K +
92 NO DATA + +? + - . .
93 NO DATA - NO DATA  NO DATA . NO DATA NO DATA
94 NO DATA  NO DATA- NO DATA . NO DATA NO DATA
95 NO DATA  NO DATA NO DATA . NO DATA - 'NO DATA

Symbols

Within July interquartile range; no overall charge
In upper quartile of July range; overall increase
- Inlower quartile of July range; overall decrease
++ - Above July range
--  Below July range

Two or more negative or positive signs are taken as.indicating an overall change."
While only one year's data are available, a single sign is considered sufficient.
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Table 3. Characters used in the Analysis.

|

b

MORPHOMETRICS
i
Name ‘ Definition

length - standard length
snout-anal - snout to anal fin origin
body depth - depth from origin of

peduncle depth

dorsal fin to origin of
ventral fin

minimum depth of caudal
peduncle

head ! - snout to tip of operculum
snout
schnabel | -.tip of schnabel to top of
teeth of lower jaw
orbit
inteorbital
i
}MERISTICS
I .
Name Definition

dorsal rays

dorsal fin soft-ray count

anal rays - anal fin soft-ray count
pectoral rays - pectoral fin ray count
vertebrae - vetebral count

count of gill rakers on lower
limb of first arch on left

| side

upper rakers ‘ - likewise for upper arch

Tower rakers !

Table 4. Factor Loadings for Principal Components Analysis of Morphometric Data.
VARIABLE FACTOR 1 FAcﬁrOR 2 FACTOR 3 FACTOR 4 FACTOR 5
length | 0.266 OZ 009 -0.014 0.006 -0.008
snout-anal 0.264 -0,015 -0.010 0.005 -0.009
body depth 0.287 -04015 -0,019 0.003 -0.019
peduncle depth 0.269 -0J017 0.005 -0.005 -0.041
head 0.269 'OTOIZ -0.020 -0.004 -0.002
snout 0.254 -0,042 0.069 -0.032 0.021
schnabel 1 0.373 0.084 0.016 -0.024 0.002
orbit 0.236 0,014 -0.053 -0.025 0.042
interorbital 0.272 0;004 0.017 0.080 0.021
»
Variance 0.701 0.010 0.009 0.009 0.005

Explained
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Table 5. Correlations between morphological Characters and Environmental
Variables.

Values tabulated are r.

n is 710 for morphometrics of combined sexes and £ 665 for
meristics. For males only these figures are 362 and 5 342.
For females 303 and > 292.

Correlations that-are significant at P < 0.01 are marked: *.

A:  SEXES COMBINED

Along Shelf . Across Shelf Depth Season

Meristic Data ) :
dorsal rays -0.011 -0.069 -0.103 -0.048
anal rays -0.062 -0.006 0.043 -0.003
pectoral reays -0.066 -0,097 0.072 -0.029
vertebrae =0.173* -0.029 -0.109 -0.050
lower rakers 0.043 -0,148* -0,155* " -0.084
upper rakers 0.113* =0.170* -0.083 -0.108
Factors

1 0.178* -0.264* -0.032 0.190%

2 -0,029 -0.057 -0.073 -0.012

3 -0,166* -0.175% -0.016 0.123*

4 -0.091 -0.055 -0.153* -0.026
Morphometric

Residuals
length -0.173* 0.014 -0.044 0.047
snout-anal -0.125* 0.020 -0.003 -0.006
body depth 0.188* -0.114* 0.009 -0.025
peduncle depth 0,137* -0.001 -0.043 -0:171%*
head 0.138* -0.115* 0.087 -0.049
snout : -0.100 0.189 -0.118* 0.045*
schnabel -0.033 , -0.007 <0,023 0.020
orbit 0.147* .. =0.074 0.073 -0.050
interorbital 0.113* - -0.016 -0.131* 0.010
B: MALES ONLY
- Along Shelf Across Shelf Depth Season
Meristic Data
dorsal rays 0.011 -0.056 -0.153* -0.071
anal rays -0.079 0.089 0.052 -0.044
pectoral rays -0.076 0.125 0.069 0.049
vertebrae -0,173* -0.052 ~0.166* -0.014
lower rakers 0.006 -0,095 -0.119 -0.025
upper rakers 0.129 -0,131* -0.034 -0.140*
Factors

1 0.185* -0.229* -0.062 0,142*

2 -0.003 -0.077 -0.039 0.004

3 -0.160* 0.116 -0.007 0.070

4 -0.122* -0.072 -0.169* -0.009
Morphometric

Residuals

- length -0.225* 0.107 -0.047 0.034

snout-anal -0.196* 0.136* -0,022 -0.024
body depth 0.202* -0.010 0.062 0.019
peduncle depth 0.151* 0.006 -0.065 -0,219*
head 0.093 -0.091 0.056 -0.032
snout -0,098 0.144* 0.091 0,103
schnabel -0.001 -0.034 0.006 - 0.021
orbit 0,163~ -0.091 0.078 -0.004

interorbital -0.130* -0.079 -0,152 0.028



Between Sexes:
Morphometrics

Before Analysis:

Summary of Analysis:

Between Sexes:

interorbital

Pectoral rays
Wilks' = (

Character

6residua1s!
eng
snout-anal
body depth
peduncle dept
head
snout
schnabel
orbit
interorbital |

Character
Entered
snout-anal
body depth
orbit

head
peduncle dept

Wilk's =0

F to Enter

28.165
46.488
46.272
h 7.258
1.774
0.672
15,981
38.939
0.834

F to Enter

46.488
39.056
33.846
14,594
h 4,314
2.183
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Table 5. (Continued)
C: FEMALES ONLY
v Along Shelf Across Shelf Depth Season
Meristic Data ‘
dorsal rays -0.057 0.031 -0.011 -0.017
anal rays -0.042 | -0.001 0.058 0.045
pectoral rays -0.060 0.104 0.045 0.018
vertebrae -0.163% 0.014 -0.060 -0.145
Tower rakers 0.074 -0.063* -0.173* -0.144
upper rakers 0.104° -0.162* -0.081 -0.070
Factors
1 0.265* -0.134 0.223* 0.319*
2 -0.076 | -0.026 -0.002 -0.019
3 -0.189* 0.164* -0.009 0.132
4 -0.071 -0.084 -0.225* -0.066
Morphometric
Residuals
length -0,167% 0.056 -0.047 0.115
snout-anal -0.052 -0.065 -0.046 0.021
body depth 0.241* -0,174* -0.092 -0.046
peduncle depth 0.149% -0.040 -0.039 -0.190*
head 0.202% -0.106 0.153* -0.021
snout -0.115 0.187* 0.085 0.167*
~schnabel -0.090 -0.029 0.056 0.026
orbit 0.142 -0.025 0.121 -0.066
interorbital -0.116 -0.021 -0,189* -0.031
Table 6: Discriminant analyses between sexes.
Meristics
Before Analysis: Character F to Enter Degrees of Freedom
dorsal rays 1.097 .
anal rays 0.305
pectoral rays 5.698
vertebrae 0.706
lower rakers' 0.860
upper rakers 0.165

was the only character entered.
9898734, Approx. F = 5.698, d.f. = 1,557

Degrees of Freedom

1,663

+8132344, Approx. F = 25,186, d.f. = 6,663
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Table 7. Discriminant analyses between areas.,

BETWEEN DIVISIONS; MERISTICS

CLASSIFICATION MATRIX

SUMMARY OF ANALYSIS F - MATRIX

Actual Assigned Group Percent
Character Entered F to Enter Vn Vs W d.f. = 6,577 Group Vn Vs W X Correct
vertebrae 12.507 Vs 3.39 Vn 4 "0 "0 T T 80.0
upper rakers 7.910 W 4.83 7.19 Vs 10 21 12 14 36.8
dorsal rays 5.044 X 4,47 8.61 5.84 W 11 29 66 41 44 .9
pectoral rays 4,505 X 35 47 98 197 52.3
lower rakers 4,208
anal rays 2.650

BETWEEN DIVISIONS, MORPHOMETRICS, MALE

CLASSIFICATION MATRIX

SUMMARY OF ANALYSIS F - MATRIX

Actual Assigned Group Percent
Character Entered F to Enter Vn Vs W d.f. = 6,353 Group Vn Vs W X Correct
Tength 12.475 Vs 3,80 Vn 2 0 "0 "0 T100.0
orbit 4,597 W 2.69 9.49 Vs 1 29 7 5 69.0
peduncle depth 4,598 X 2.65 11.09 1.85 W 7 15 31 26 39.2
body depth 3.476 X 12 49 66 112 46.9
snout-anal 3.222
head 2.964

BETWEEN DIVISIONS, MORPHOMETRICS, FEMALE

CLASSIFICATION MATRIX

SUMMARY- OF ANALYSIS F - MATRIX

Actual Assigned Group Percent
Character Entered F to Enter Vn Vs W d.f. = 6,294 Grou Vn Vs W X Correct
Tength 15.168 Vs 2.7% n "2 0 "0 "0 TT100.0
head 9.331 W 3.35 10.03 Vs 2 26 5 5 68.4
body depth 6.314 X 3.59 10.07 6.43 W 5 11 31 22 44 .9
peduncle depth 4,580 X 2 42 47 103 53.1
snout-anal 2.337
orbit 2.343

BETWEEN POTENTIAL MANAGEMENT UNITS, MERISTICS

CLASSIFICATION MATRIX

SUMMARY OF ANALYSIS F - MATRIX
. Assigned Group
Gulf of Actual Gulf of Percent
Character Entered F to Enter Slope Maine d.f. = 2,582 Group Slope Maine Shelf  Correct
pectoral rays 6.9436 Gulf of 5.34 Slope 113 28 35 64.2
upper rakers 6.2363 Maine Gulf of 40 19 21 23.8
/ Shelf  10.69 2.38 Maine
Shelf 174 62 94 28.5

BETWEEN POTENTIAL MANAGEMENT UNITS, MORPHOMETRICS, MALE

CLASSIFICATION MATRIX

SUMMARY OF ANALYSIS. F - MATRIX
Assigned Group

Gulf of Actual Gulf of Percent
Character Entered F to Enter Slope Maine d.f. = 6,354 Group Slope Maine Shelf  Correct
body depth 8.978 Gulf of 8.98 STope 58 18 31 54.2
snout-anal 7.860 Maine Gulf of 7 36 9 69.2
snout 5.250 Shelf 4,33 7.40 Maine
length 7.281 Shelf 72 50 81 39.9
head 5.563
schnabel 2.427

BETWEEN POTENTIAL MANAGEMENT UNITS, MORPHOMETRICS, FEMALE

CLASSIFICATION MATRIX

SUMMARY OF ANALYSIS F - MATRIX )
Assigned Group

Gulf of Actual Gu]f of Percent
Character Entered F to Enter Slope Maine d.f. = 6,295 Group Slope Maine Shelf Correct
Tength 6.900 Gulf of 7.62 Slope 55 15 14 65.5
head 10.631 Maine Gu1f of 8 28 12 54.2
snout 5.971 Shelf 7.29 3.82 Maine
schnabel 5.589 Shelf 51 53 67 38.6
body depth 2,901

snout-anal 3.346
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open triangles indicate a proportionate de
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Figure 1.  Distribution of adult redfish, based on charts by Scott (1976, 1981). Cross-hatching indicates major

concentrations.
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Figure 2. Distribution changes between July and spring surveys. (Solid triangles indicate a proportionate increase,



- 24 -

460 NEW BRUNSWICK

“& NovA scoTIA.

— —
42° 6[5" 613" 6|I° 5?" 5170
Figure 3. Distributional changes between July and fall surveys. (Solid triangles indicate a proportionate increase,
open triangles indicate a proportionate decrease, in the spring.)
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(Numbers indicate the number of overlapping points.
Letters indicate numbers greater than 9; i.e. A

* indicates 20 or more overlapping points.)

variables.

Factor 1 against along-shelf.
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Depth residua]'against along-shelf.
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d. Vertebrae against
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Figure 16.

Snout residual against across-shelf.
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Figure 16. (Continued)

g. Factor 1 against season (Winter coded 1, Spring 2, Summer 3,
and Fall 4). : ‘
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Figure 18. Clusters of sets shown geographically
a. Sets and groups of sets used in meristics cluster.
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b. Sets and groups of sets used in mqrphometrics clusters.
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Symbols indicate groups clustered
together that could not be united on
chart.
i i | | 42
68 64 60
Figure 18. (Continued)
c. Groups clustered at a distance of 1.5 using meristics, sexes combined.

Symbols indicate groups clustered
together that could not be united on
chart.

68 64 50 42

d. Groups clustered at a distance of 1.5 using morphometrics, sexes combined.



Symbols indicate groups clustered
together that could not be united on
chart. :
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Figure 18.

(Continued)

e. Groups clustered at a distance of 1

64

60

.5 using morphometrics, males only.

v

I ] ]

f. Grouﬁs clustered at a distance of 1

60

.5 using morphometrics, females only.
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