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Migration and Dispersion of
Tagged American Lobsters, Homarus americanus, on
the Southern New England Continental Shelf

JOSEPH R. UZMANN, RICHARD A. COOPER, and KENNETH J. PECCI !

ABSTRACT

An apparently contiguous stock of American lobsters, Homarus americanus, is concentrated
along the outer continental shelf margin and slope from Corsair Canyon westward and southward to
the region of Baltimore Canyon. Between April 1968 and May 1971 we captured, tagged, and released a
total of 7,326 lobsters at 52 localities between Corsair Canyon and Baltimore Canyon. As of December
1972, 945 recaptures (12.9% recovery) had been reported, providing a basis for interpretation of
seasonal and long-term movements, as well as measurements of growth rate and moult frequency. A
classification scheme is developed and applied to distinguish between apparently directed seasonal
movements (migrations), localized movements of less than 10 nautical miles (18.5 km), and long-
period (>120 days) dispersions of 10 miles or more. This last category includes point to point tracks
that cannot be objectively resolved in terms of directionality and may represent random dispersal, a
summation of seasonally directed tracks, or both.

We conclude from the track analyses that at least 20% of the offshore lobsters annually engage in
directed shoalward migrations in spring and summer with return to the shelf margin and slope in fall
and winter. This conclusion is reinforced by independent analysis of the time/depth/temperature
associations of tagged lobsters at recapture which, of itself, suggests that an even larger proportion of
the offshore lobsters annually effect directed migrations in response to seasonal temperature

variations.

INTRODUCTION

Commercial concentrations of American lobsters,
Homarus americanus, inhabit the outer continental shelf
ind slope off southern New England and the Middle
Atlantic states southward to Virginia. The history,
levelopment, and recent status of this resource have
>een summarized in the collective studies of Firth
1940), Schroeder (1955, 1959), McRae (1960), Hughes
1963), Saila and Flowers (1968), Skud and Perkins
1969), Uzmann (1970), and Cooper and Uzmann (1971).
Chis report is an extension of the last mentioned paper
ind deals further with findings and implications of
ieasonal and long-term movements derived from an ex-
eensive tagging program conducted over the period 1968-
2.

Schroeder (1959) defined the offshore lobster popula-
ion as “a population of lobsters, large enough to support
‘ommercial fishing off the east coast of the United States
tlong the outer shelf and upper slope between the eastern
)art of Georges Bank and the offing of Delaware Bay.
Chis area at depths of roughly 60-250 fm (110-450 m) is
tbout 400 miles long and 5-10 miles wide. Lobsters are
nore plentiful along the eastern half of this stretch than
o the west and south.”

The offshore lobster fishery, so-called, has rapidly
issumed a role of prominence among the major offshore

‘Northeast Fisheries Center, National Marine Fisheries Service,
{0AA, Woods Hole, MA 02543.

fisheries of the northwest Atlantic. A brief review of its
growth over the past two decades will place it in perspec-
tive relative to the long established coastal fishery and
indicate its future trend.

Like the coastal stocks from Maine to New Jersey, the
offshore stock has sustained a steadily increasing rate of
exploitation since the mid-fifties prior to which time it
ranked as a minor fishery with the majority of catches
taken incidental to trawling for groundfish species.
Following World War II, the coastal fishery expanded
rapidly to a peak yield in 1960 of 29 million pounds (13.2
million kg) and has since declined measurably despite
increased fishing effort; meanwhile, offshore lobster
catches increased from nearly 2 million pounds (0.9
million kg) in 1960 to over 8 million pounds (3.6 million
kg) in 1970. Ungrouped landings statistics indicate that
U.S. lobster production is relatively stable at some 30
million pounds (13.6 million kg) annually, but the fact of
the matter is that offshore production has annually offset
the decline of coastal landings. From 1968 to 1970
offshore lobster landings averaged over 20% of the U.S.
catch.

MATERIALS AND METHODS

The tagging program reported here was conducted as
part of the work plan of 14 research cruises over the
period 1968-71 during which time a total of 7,326 lobsters
were tagged and released at 52 localities along the outer
edge of the continental shelf from Corsair Canyon west



and south to Baltimore Canyon (Fig. 1, Table 1). The
lobsters were taken with otter trawls or traps (five
localities only) at depths of 35-300 fathoms (64-549 m),
then tagged and released within a day after capture and
within 2.7 nautical miles (5 km) of the capture site.
Tagging methodology has been described previously by
Cooper (1970). Essentially, the tag consists of coded
polyvinyl chloride tubing with a polyethylene monofila-
ment leader and stainless steel anchor implanted in the
right or left dorsal extensor muscle below the carapace.
The anchor is inserted with the aid of a hypodermic nee-
dle through the connecting membrane between the
carapace and the first abdominal segment. The mem-
brane breaks down at ecdysis to permit withdrawal of the
lobster from the old exoskeleton and the implanted tag is
thus retained through successive molts.

The tagging program and its objectives were initially
well advertised with letters and poster notices being sent
to all New England and Middle Atlantic state fisheries
commissioners, to all vessel captains known to engage in
the offshore lobster fishery, and to all major buyers and
wholesalers of lobsters. Port agents of the National
Marine Fisheries Service were specially briefed and then

maintained continuing liaison with the lobster fisherme
and dealers.

In a preliminary paper Cooper and Uzmann (1971
reported 400 returns from 5,710 releases through 196!
(7.0% reported recapture); in 1970 and 1971 additions
releases raised the total number tagged and released t
7,326, of which a cumulative total of 945 recoveries ha
been reported to us as of 15 December 1972. Thus, the ac
cumulated reported recaptures is currently 12.9% and in
creasing at a decreasing rate annually by virtue o
natural mortality of the tagged population, tag loss, non
recognition of tags, possible emigration into areas witl
little or no commercial fishery, removal and nonreportin
by U.S. fishermen and various elements of the foreig
fishing fleet, and possibly, increased incidence of non
reporting because of fishermen apathy. We offer the las
theoretical reason because renewed publicity and an in
crease in the tag return reward from $1.00 to $5.00 in Oc
tober 1971 failed to elicit a significant increase in the ta
return rate despite a significant input (1,142) of newl
tagged lobsters in that calendar year. This hypothesis i
further supported by calculations of expected returns pe
annum under the condition of exponential decline of th

Table 1.—Summary of offshore lobster tagging, 1968-71: station references, releases, and recaptures.'

Composite  Original Plot position Number Number
station station Canyon or of of
Year number number(s) Lat. N Long. W shelf region releases  recaptures
1968 1 (1-3) 40°17' 68°02' Oceanographer Canyon 42 3
2 (4) 39°59' 69°36' Veatch Canyon 13 3
3 (5) 39°31’ 72°13’ Hudson Canyon 146 9
4 (6) 40°05’ 71°09’ Block Canyon 52 7
5 (7-8) 40°04’ 70°27' Atlantis Canyon 264 29
6 (9, 11) 39°57" 69°56' Veatch Canyon 149 22
T (10) 39°56' 69°41° Veatch Canyon 99 10
8 (12) 39°59' 70°03’ Veatch Canyon 50 4
9 (13) 40°03' 70°17' Atlantis Canyon 143 19
10 (14) 40°13' 70°30' Atlantis Canyon 39 3
11 (15) 40°12’ 70°15’ Atlantis Canyon 84 6
12 (16) 40°12’ 71°14' Block Canyon 57 3
13 (17-19) 40°05' 71°47 Block Canyon 482 40
14 (20-21) 40°05' 71°38' Block Canyon 266 25
15 (22) 41°42' 66°52' Leg, Georges Bank 46 10
16 (23-26) 40°33' 68°39' SW Georges Bank 479 59
17 (27-28) 40°31' 67°42' Lydonia Canyon 223 27
Total 2,634 279
1969 18 (29, 30, 32) 39°59° 69°29' Veatch Canyon 1,350 213
19 (31) 40°03’ 69°16" Veatch Canyon 751 104
20 (33-35) 40°59’ 66°34’ Corsair Canyon 387 44
21 (36) 40°32’ 67°47" Lydonia Canyon 166 23
22 (37-38) 41°12' 66°35' Corsair Canyon 422 46
Total 3,076 430
1970 23 (48, 50) 40°16’ 68°25 Oceanographer Canyon 301 34
24 (49, 51) 40°26' 68°20" Oceanographer Canyon 173 22
Total 474 g
1971 25 (57-58) 40°00" 71%12° Block Canyon 60 10
26 (59, 63) 39°14' 72°20' Hudson Canyon 54 1
27 (60-62) 37°55' 73°59" Baltimore Canyon 194 11
28 (64) 39°10’ 72°38'  Hudson Canyon 29 3
29 (65-66) 40°00' 69°29'  Veatch Canyon 805 155
Total 1,142 180
__Grand Total 7,326 945

The ungiqal releases are treated as 29; composites of two or more stations have within-group variation of less than 10
days, 10" latitude, and 10’ longitude. Original station numbers are shown in parentheses.
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tagged population at a theoretical summed rate of 23%
per annum (12% tag loss, 6% natural mortality, 5%
recapture). In calendar year 1972, for example, the
theoretical number of tagged lobsters outstanding at the
beginning of the year was 3,630; the expected number of
returns for 1972 based on the average rate of returns
(0.049) in years 1968-71 is 179, in sharp contrast to 67 ac-
tual returns.

The distribution of recaptured tagged lobsters is con-
sidered representative of the distribution of the lobster
population. Fishermen search for commercial quantities
of lobsters throughout the year at depths of 10-350
fathoms (18-640 m), which is a considerably greater
range than the 35-300 fathoms (64-549 m) depth interval
from which lobsters for tagging were initially captured.

DATA REDUCTION, PLOTTING, AND
FORMAT

Data received on individual recaptures varied
considerably. Data sought included date and position of
recapture (latitude and longitude, or loran A coor-
dinates), sex, carapace length, presence or absence of ex-
ternal eggs, cheliped configuration, and designation of
any missing chelipeds and walking legs. The most
critical data were location and date of recapture, and
carapace length from which both migration trends and
growth could be determined; this was received on 350 of
the recaptured lobsters. Recapture location and date
only were received on 576 individuals and provide the
basis for analysis of movements.

Data was listed and keypunched in two different for-
mats. The data format (see appendix tables) for this
study includes growth increments for reader reference,
but this element of the study is being treated separately;
return data is listed chronologically by sex. The basic
data deck provided input for computer calculation for in-
dividual recaptures of great circle distance traveled from
point of release to point of recapture, days at large, and
other standard computations such as mean distance
traveled and mean time at large by various groupings of
individuals. The same data deck served as input for a
Cal-Comp Plotter, Model 663, from which release coor-
dinates, recapture coordinates, or combinations of both
were plotted in various combinations to reveal and dis-
play the overall features of dispersion within and
between release groups and to show the overall monthly
distribution of recaptures. The Cal-Comp Plotter was
simultaneously programmed and fed a series of coastline
coordinates, isobath coordinates, and titular information
such that the finished plot was a Mercator chart drawing
to the nominal scale of 1:1,200,000.

Among the 945 recaptured lobsters, 584 (61.8%) were
reported by specific location, 183 (19.4%) by generalized
location—usually by reference to a named submarine can-
yon, and 178 (18.8%) without location information of
any kind. Those recaptures reported by approximate
location are hand-plotted in distinctive fashion within
the machine plots of the various subgroups of returns
with specific location.

In order to facilitate interpretation of recovery dat
we have treated the 52 original releases as 29 accord ‘
the constraints footnoted in Table 1. This )
minimized the plotter executions and gave m
coherence to the individual plots, Test plots of re
coordinates showed a number of cases where overplottir
or tight grouping of recovery points resulted in a conf
sion of points and numbers. In these instances we used
plotting subroutine which plotted all points within o
upon the eastern and southern side of a given 6-minut;
square (0.1° square) as a single point with collectiv
number at the diagonal center of the square; the averag
displacement of any single point plotted in this manne
is well under 3 nautical miles (5.6 km) which we havi
accepted as within the limits of navigational accuracy
reporting, or both.

Because the tag releases were effected in greater o
lesser increments over a long period of time, they con
stitute a series of repetitive experiments and are treate
accordingly; the overall presentation which follows take
the form of an atlas which provides a pictorial analysis o
the results of the various releases. Additionally, we hav
developed a generalized treatment of the monthly dis
tribution of offshore lobsters in relation to botton
temperature.

Original Station Locations

A total of 52 releases of tagged lobsters were made o
the outer continental shelf and slope commencing i
March 1968 and ending in May 1971 (Table 1). Cruis
numbers and station numbers are not wholly in con
secutive order because interim cruises involving coasts
area tagging were also conducted in the same period
Thus, station 66 occupied during Cruise 20 was actuall:
the 52nd and last release during a total of 14 cruises con
cerned with offshore tagging.

The original release localities (Fig. 1) show their loca
tion relative to major features of the continental shel
and to each other. Most (86%) of the tagging was ac
complished from the vicinity of Block Canyon eastwar«
because of more productive lobster fishing in these area
and because other aspects of cruise objectives requires
cruise orientation to the east of Block Canyon to max
imize time sharing of the research vessels Delaware 1
Delaware II, and Albatross IV.

Composite Station Locations

Thirteen (25%) of the 52 original releases are plotted &'
their original release locality (Fig. 2). The remainde:
were combined in groups of two or three and assignec
location coordinates with averaged latitude anc
longitude rounded to the nearest whole minute (Table 1)
Maximum distance between any two original release
sites comprising a composite station was 4 nautical mi
(7.4 km). The purpose of this treatment was to e
logical pooling of release and recapture information '
would expedite both plotting and evaluation of the
Computations of distance traveled and time at le




43°
420
41°

40°

39°
38°

65°

66°

Y

67°

68°

652

70°

T

o> ol4

2

Ti=5

740

o8

Figure 2.—Composite station locations and nearby canyons.

®27



however, based on original release locations and dates.
Details concerning individual recaptures are referenced
to composite station number and listed in the appendix
tables of this report.

Composite of Recoveries

Figure 3 is a precision plot of the reported recovery
positions of all returns; in Figure 4 the same set of coor-
dinates are grouped by 6-minute squares to permit
readable numerical signature and to obviate overplotting
of identical recovery coordinates, some of which oc-
curred by chance, with others the result of multiple
recaptures by vessels fishing a given area for one or more
days.

Comparison of Figure 3 with Figure 1 (original station
locations) shows overall dispersion from the original
release locations along the edge of the continental shelf.
Replotting of these data by release groups (Figs. 5-29) il-
lustrates the magnitude and direction of the individual
dispersions.

Straight-line dispersion (point of release to point of
recovery) of individual lobsters is shown in Figures 5-29;
concentric circles having a radius of 10 and 50 nautical
miles (18.5 and 92.7 km) are drawn about each release
locality to indicate the magnitude and variability of
lobster movements from a given locality. Track lines of
50 miles (92.7 km) or greater are labeled with the return
number and sex (F or M). Where two or more recaptures
were made at the same reported locality, the solid circle
representing the recovery point is appropriately
numbered. In several instances (Figs. 20, 21, 24, 29) it
was necessary to group recovery data by 6-minute squares
for reasons described previously; in such cases, the nature
of the plotting is included in the figure title.

Definition of Lobster Maturity

Subsequent references to maturity stage of individual
lobsters assumes that the commonly prevailing
minimum legal size (81 mm carapace length) is an
acceptable beginning point at which both male and
female lobsters attain functional sexual maturity. Skud
and Perkins (1969) reported that demonstrable sexual
maturity, as evidenced by external embryonated eggs or
mature ovarian eggs, commenced at 80 mm carapace
length in large samples of female lobsters from the same
areas in which we conducted our tagging study. Stewart
(1972) examined 1,018 female lobsters from western Long
Island Sound and Block Island Sound for presence of
spermatophores in the seminal receptacle; the median
size of inseminated females in the sample (size range 53
to 106 mm carapace length) was 76 mm, and within the
size class 81-82 mm (53 specimens), 81% were in-
seminated. Krouse (1973) found that male lobsters from
the Boothbay region of Maine were virtually all sexually
mature well below the legal recruit size of 81 mm; these
findings were based on dissection of the genital tracts
and microscopic findings of mature sperm cells and sper-
matophores; Krouse (1973) reiterated the observations of

Templeman (1934) that significant size disparity
between male and female lobsters precludes successful
mating and that prerecruit size males seem unlikely to
contribute materially to natural reproduction until they
attain a size equality with sexually mature females.

MIGRATION VERSUS DISPERSION

Cooper and Uzmann (1971) earlier hypothesized, or
the basis of a described time-temperature relationship
that the nature of the migration phenomenon was a ver.
nal shoalward movement to warmer water with subse
quent return to the edge and slope of the shelf with the:
onset of fall and winter. In subsequent sections of this
report we will attempt to elicit qualitative and quan
titative aspects of individual movements from groupings
of individuals referenced to release locality, point of
recapture, and time at large.

Hypothetical track lines have been drawn in all cases
where dispersion or migration (definitions presented
below) from point of release to point of recapture exceed-
ed 10 nautical miles (18.5 km) (Figs. 5-29). We must con-
cede at the outset of this discussion that the magnitude,
direction, and time scale of a point-to-point track is
seldom an accurate portrayal of the exact movements of
any tagged animals; however, the assumption of a
straight-line track, however simplistic, is tenable for the
purposes of plotting, overview, analysis, and ultimately,
for distinction between the short-term probable migrants
and the longer-term dispersed individuals. The guiding
factors in this distinction of kinds, i.e., migrant or dis-
persed, are distance traversed and time at large, the
elements of the classical ground speed formula D/T.

Ranking of the total array of recovery data by various
combinations shows that the maximum movement ol
any recapture was 186 nautical miles (345 km) in 71 days
(2.6 miles/day). Other sesonable tracks in excess of 100
miles (185 km) were 125 (232 km)/86 days, 123 (228 km),
76 days, 118 (219 km)/107 days, 111 (206 km)/108 days,
and 102 (189 km)/29 days. Twelve other lobsters made
apparently directed tracks of 50-87 miles (93-161 km)
within 22-41 days. The calculated ground speeds of
these 31 examples range from 1 to 5.5 miles (1.8-10.2 km)
per day and indicate that directional movements in ex-
cess of 1 mile (1.8 km) per day are not uncommon if not,
in fact, quite normal.

We have developed a classification scheme which
attempts to distinguish between directed migrants and
those whose net movements over time are inconsequen-
tial or not clearly directional; the 31 examples cited
above provide a logical basis for fixing constraints on the
numerical values of time and distance consistent with an
acceptable definition of the term “migrant.”

The frequency distribution of distance traveled shows
that 163 individuals were recovered within 0-9 miles (0-
16.8 km) of point of release over the time range 0-950
days. Clearly, there is no internal evidence that any of
these have dispersed significantly. In the time frequency
interval 0-9 days, 15 of 21 recoveries were common to the
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iforementioned 0.9 mile (0.16.8 km) category. Accord-
ngly, we have adopted the premise that time or dis-
rance values under 10 preclude realistic interpretation of
directionality or speed of movement.

Commercial fishing effort, monthly distribution
patterns of tagged recoveries (Figs. 34-45), and support-
ng details (appendix tables) all combine to show that
ffshore lobsters are essentially aggregated along the out-
:r edge and slope of the continental shelf during January
through April (120 days) and become widely dispersed by
migration or random movement in shoaler/warmer water
during May through December (245 days). We have set
the upper limit of duration of a directed migration at 120
days, or the theoretical half-life of a migratory season
during which the migrant can move to shoaler/warmer
water and return to the continental shelf margin in ap-
proximate phase with the annual shoalward and seaward
migration of the bottom temperature warm front (here
defined as the 10°C isotherm). Within these constraints
we regarded a total of 117 individuals as migrants; rank-
ng of these individuals by calculated ground speed
shows a range of 0.1-5.5 miles (0.18-10.2 km) per day, a
median speed of 0.9 miles (1.7 km) per day, and a median
at 0.6 miles (1.1 km) per day. Ground speeds of defined
migrants are positively correlated with distance travers-
ed and negatively correlated with time at large.

The remainder of recaptures for which capture loca-
tion and time at large are known fall into three categories
of relative displacement from point of release. Our work-
ing definitions of migrant and alternative classifications
are as follows:

a) Migrant by virtue of track 210 nautical miles (18.5
km) and time at large 10-120 days (N = 117).

b) Nonmigrant by corollary definition of track <10
miles and time at large<10 days (N = 15).

¢) Residual nonmigrant by virtue of track< 10 miles,
time at large >10 days (range 15-950); this classification
reflects stationary behavior, or the alternative possibility
of undetectable excursion(s) with homing back to release
locality (i.e., within 10-mile radius of release point) (N
= 147).

d) Indeterminate by virtue of track =10 miles (range
10-181), time at large >120 days (range 125-1,549); move-
ment is regarded as random dispersal, a summation of
migration tracks, or a combination of both (N = 297).

Eight recaptures were reported without dates of recap-
ture and hence could not be classified. These alternative
:lassifications make for interesting conjecture in many
tases; among the indeterminates, for example, we find
many probable examples of directed migration which
‘annot be properly assessed because of the associated
tlement of excessive time at large; these cases will be
dentified and discussed under the appropriate com-
dosite station résumés which follow this section.

Returning to the reliability of ground speed calculated
from D/T, we have assumed that D is probably un-

derestimated in most cases because a lobster track of
significant distance over the bottom is unlikely to be
straight-line, and also because some of the recaptures
were likely on a return course relative to their original
shoalward vector. Conversely, T is probably
overestimated (but never underestimated) in a majority
of cases because the migrant under consideration had 1)
earlier arrived at destination, 2) had accumulative rest
periods, and/or 3) was on a return vector. The net effect
of any or all of these possible biases on calculated ground
speed is to underestimate the derivation in general and
to give added credence to values on the order of 4-5 miles
(7.4-9.3 km) per day.

COMPOSITE STATION RESUMES

Composite Station 1 (See Appendix Table 1)

Three recaptures have been reported from a composite
total of 42 releases in the vicinity of Oceanographer Can-
yon on 15 March 1968 (28), 16 March 1968 (5), and 30
March 1968 (9). Mean depth at first capture was 153
fathoms (280 m); mean depth at release was 175 fathoms
(320 m). Only one of the recoveries was reported by loca-
tion. The sex ratio of the three returns was one female to
two males.

The most noteworthy feature of the recoveries from
this composite release is the relatively high mean time at
large (985 days =2.7 yr) which exceeds that of all other
subgroups of recoveries. The single located recovery, a
mature male, was captured 13 miles (24.1 km) from its
original release point and had been at large 1,342 days
(3.7 yr).

Here, as in many other cases of lengthy time at large,
the relatively small displacement from original release
locality is indicative of either highly localized
movements over time or, alternatively, a homing tenden-
cy following larger scale movements. We prefer the latter
hypothesis and will attempt to sustain this view in the
remainder of the text on the basis of other individual and
collective returns.

Composite Station 2 (See Figure 5 and
Appendix Table 2)

Three recaptures, all males, have been reported from a
single point release of 13 lobsters near the head of Veatch
Canyon on 4 April 1968. First capture depth and release
depth were at 110 fathoms (201 m). Two of the recaptures
were reported by location with neither having migrated
very far nor having been at large very long. The third
recapture, a mature male, had been at large 741 days (2.0
yr), and was reported taken in the vicinity of Veatch Can
yon without specific coordinates.

This subgroup of recoveries represents the highest rate
of recapture (23%) among the 29 subgroups of releases
and indicates that numerically small releases of tagged
lobsters can yield significant returns.



Composite Station 3 (See Figure 6 and
Appendix Table 3)

Nine recaptures have been reported from a single point
release of 146 lobsters on the east side of Hudson Canyon
on 26 April 1968. First capture depth was 160 fathoms (293
m): release depth was 85 fathoms (155 m). Seven of the
nine recaptures were reported by location and one other
from the vicinity of Hudson Canyon. Sex ratio of the nine
recaptures was seven females to two males. Mean time at
large was 252 days (0.7 yr). Two of the recaptures (3F,
99F) from this release, both mature females, are
classified as migrants and were captured 29 and 118 days
later in coastal trap fisheries off Long Island, N.Y., after
having migrated 102 miles (189 km) and 77 miles (143
km), respectively. The longest outstanding recapture
(660 F). an immature female at release, was at large
1,024 days (2.8 yr) during which time it increased 32% in
carapace length, which is indicative of at least two moult
increments (Cooper and Uzmann 1971).

Three of the recoveries (3F, 29F, 4F) were migrants
within the terms prescribed in the preceding section.
Return 3F was recaptured 29 days after release following
a 102-mile (189-km) migration to shoal water, at 3.5
miles (6.5 km) per day. Return 29F, on the other hand,
showed a net displacement of 77 miles (143 km) over the
much longer period of 118 days; the calculated speed of
0.6 miles (1.1 km) per day is well below the mean speed
of the collective 117 defined migrants and inconsistent
with an idealized ongoing shoalward track. In the
absence of any contradictory evidence, it seems logical to
conclude that this individual and others, as will be seen,
probably arrived in the vicinity of their recapture at con-
siderably earlier dates. Return 11F was recaptured 13
miles (24.1 km) northwesterly in slightly deeper water
than at release.

Composite Station 4 (See Figure 7 and
Appendix Table 4)

Seven recaptures have been reported from a single
point release of 52 lobsters several miles east of Block Can-
yon on 28 April 1968. First capture depth was 190
fathoms (347 m); release depth was 100 fathoms (183 m).
Four of the seven recaptures were reported by location.
Sex ratio of the seven recaptures was three females to
four males. Mean time at large was 425 days (1.2 yr). One
of the four located recaptures, a mature male, moved 71
miles (132 km) easterly over a period of 405 days at large.
The longest outstanding recapture (location unreported)
in this subgroup was at large 1,326 days (3.6 yr).

Composite Station 5 (See Figure 8 and
Appendix Table 5)

Twenty-nine recaptures have been reported from a
composite total of 264 releases west of Atlantis Canyon
on 29 March 1968 (142) and 30 March 1968 (122). Mean
depth at first capture was 190 fathoms (347 m); mean
depth at release was 99 fathoms (181 m). Twenty of the
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recaptures were reported by specific location and one by
approximate location.

Sex ratio of the returns was 22 females to 7 males, not
significantly different from the ratio at release (212 fe-
males to 52 males).

Mean time at large for all recoveries was 284 days (0.8
yr); greatest time at large for a located individual was
774 days (2.1 yr) during which time apparent dispersion
was only 10 miles (18.5 km).

Mean distance traveled by those lobsters with specific
recapture locations (20) was 25.1 miles. Three in-
dividuals, all sexually mature females, made migrations
in excess of 50 miles (92.7 km), the range being 56-76
miles (104-141 km).

Four of the recoveries (28F, 26F, 27F, 4F), all mature
females, are classified migrants; all were recaptured in
June within 36-50 days after tagging. Return 28F, an egg-
bearing female at release and recapture, was taken 56
miles (104 km) northeasterly in significantly shoaler
water (22 fathoms = 40.2 m) after 50 days at large; ap-
parent speed (1.1 miles/day = 2.0 km/day) and direction
are highly consistent with the vernal shoaling hypothesis.

Returns 26F and 27F (egg-bearing at release and
recapture) were taken 38 miles (70.4 km) easterly near
the head of Veatch Canyon at 80 fathoms (148 m) after
being at large 36 and 37 days, respectively; apparent
speed in each case was 1.1 miles/day (2.0 km/day). It is
obvious that these tracks are not consistent with a
theoretical goal of shoaler location; we will reserve com-
ment on these and others of similar nature for later dis-
cussion. Return 4F was taken 11 miles northeasterly in
significantly shoaler (64 fathoms = 117 m) water; this
recovery illustrates quite well that lobsters occupying the
shelf edge or slope can achieve much shoaler (or deeper)
locations with relatively small excursions.

Composite Station 6 (See Figure 9 and
Appendix Table 6)

Twenty-two recaptures have been reported from a
composite total of 149 releases midway between Atlantis
and Veatch canyons on 1 May 1968 (78) and 2 May 1968
(71). Mean depth at first capture was 190 fathoms (347
m); mean depth at release was 99 fathoms (181 m). Nine-
teen of the recoveries were reported by specific location
and one by approximate location. Sex ratio at release was
103 females (69%) to 46 males; the ratio at recapture was
12 females (55%) to 10 males.

Mean time at large for all recoveries was 312 days (0.9
yr); greatest time at large for a located individual, an im-
mature male at release, was 896 days (2.4 yr) during
which time apparent dispersion was only 18 miles (33.4
km).

Mean distance traveled by those lobsters with specific
capture locations (19) was 33.5 miles (62.1 km). Five in-
dividuals made migrations in excess of 50 miles (92.7
km), the range being 57-71 miles (106-132 km). Three of
these long distance migrants were mature females, one of
which (91F) was berried at recapture; the remaining two
were mature males.



Six of these recaptures (9F, 10F, 1M, 18F, 19F, 20M)
can be classified as migrants. Recoveries 9F and 10F
moved easterly, with the latter being taken significantly
shoaler (56 fathoms = 102 m) than at release. Return 1M
migrated at near record speed of 5.1 miles (9.4 km) per
day to a point 62 miles (115 km) westerly at a depth (120
fathoms = 219 m) significantly deeper than at release.
The release depth here, as at a number of other stations,
was significantly shoaler than release depth for reasons
explained earlier; it is conceivable, therefore, that bot-
tom temperature at the release site was sufficiently
divergent to cause abnormal behavior. Returns 18F, 19F,
and 20M were recaptured at the same point in time and
space after 49 days at large; their recovery position was
18 miles (33.4 km) easterly in shoaler (69 fathoms = 126
m) water.

Composite Station 7 (See Figure 10 and
Appendix Table 7)

Ten recaptures have been reported from a single point
release of 99 lobsters on the west side of Veatch Canyon
on 2 May 1968. Mean depth at first capture was 200
fathoms (366 m); mean depth at release was 100 fathoms
(183 m). Eight of the recaptures were reported by specific
location. Sex ratio at release was 77 females (77%) to 22
mnales; the ratio of the returns was 7 females (70%) to 3
males.

Mean time at large for all recoveries was 477 days (1.3
vr); greatest time at large for a located individual, a
mature female, was 771 days (2.1 yr). This individual
was recaptured 58 miles (107 km) north of the point of
release in June 1970; its location in time and space is con-
sistent with a working hypothesis of seasonal shoaling
and return to home locality.

Mean distance traveled by those lobsters with specific
:apture locations (8) was 29.3 miles (54.4 km). Two in-
lividuals qualified as long migrants; one of these was the
nature female noted above while the other was a mature
nale.

Among the eight located recaptures, only one (8M) is a
lefined migrant and is consistent with the springtime
shoaling hypothesis; this individual ranged shoalward
rom 100 to 63 fathoms (183-115 m) at a net speed of 1.8
miles (3.3 km) per day.

Composite Station 8 (See Figure 11 and
Appendix Table 8)

Four recaptures have been reported from a single point
release of 50 lobsters on the east side of Atlantis Canyon
M 14 June 1968. Mean depth at first capture was 70
‘athoms (128 m); mean depth at release was 86 fathoms
157 m). Two of the recoveries were reported by specific
ocation and one by approximate location. Sex ratio at
‘elease was 30 females (60%) to 20 males; the ratio at
‘ecapture was 1 female to 3 males.

Mean time at large for all recoveries was 386 days (1.1
/T); greatest time at large for a located individual, a
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mature male, was 734 days (2.0 yr), during which time
apparent dispersion was 26 miles (48.2 km).

Maximum dispersion was attained by 156M, a mature
male, which was recaptured 114 miles (211 km) easterly
near the head of Lydonia Canyon. A third individual, a
mature female, was reported from the vicinity of Hudson
Canyon, some 100 miles (185 km) westerly of release.

Composite Station 9 (See Figure 12 and
Appendix Table 9)

Nineteen recaptures have been reported from a single
point release of 143 lobsters on the west side of Atlantis
Canyon on 15 June 1968. Mean depth at first capture was
70 fathoms (128 m); mean depth at release was 100
fathoms (183 m). Thirteen of the recaptures were
reported by specific location and two by approximate
location. Sex ratio at release was 72 females (50%) to 71
males; the ratio at recapture was 11 females (58%) to 8
males.

Mean time at large for all recoveries was 623 days (1.7
yr); greatest time at large, and record high overall, for a
located individual (946M), a mature male at release, was
1,549 days (4.2 yr). This individual was recaptured 118
miles (219 km) easterly at Lydonia Canyon and had in-
creased 63% in carapace length by virtue of at least three
molts.

Mean distance traveled by those lobsters with specific
capture locations (13) was 36.1 miles (66.9 km). Three in-
dividuals, a mature female, an initially immature male,
and the mature male cited above, surpassed the 50-mile
(92.7-km) range from point of release.

Composite Station 10 (See Appendix Table 10)

Three recaptures have been reported from a single
point release of 39 lobsters some 15 miles (27.8 km)
northeasterly of Atlantis Canyon on 16 June 1968. Mean
depth at first capture was 90 fathoms (165 m); mean
depth at release was 60 fathoms (110 m). All recaptures
were reported by specific location. Sex ratio at release
was 25 females (64%) to 14 males; the ratio at recapture
was 2 females to 1 male, all being sexually immature.

Mean time at large (48 days) and mean distance
traveled (14 miles = 25.9 km) were lowest and second
lowest, respectively, among all subgroups of returns. The
low rate of return, and particularly the disappearance of
the group after only 60 days at large, suggests that un-
usually high mortality occurred shortly after release.

Two of the three recoveries (34F, 41F) are migrants by
definition; both were immature females and were taken
only slightly shoaler than release depth. The directionali-
ty of these tracks, as with many others among the defin-
ed migrants, has not resulted in maximum shoaling for
distance traversed; it seems plausible, however, that
those individuals, especially immatures, captured and
released well up on the shelf as late as June might, in the
main, have already completed a migratory transition
from colder slope water to the seasonably warmer shelf



water prior to recapture. An extension of this reasoning
suggests further that others captured and tagged at these
midshelf depths were still en route to shoaler grounds
(e.g., recapture 25F discussed under subsequent account
of composite station 13).

Composite Station 11 (See Figure 13 and
Appendix Table 11)

Six recaptures have been reported from a single point
release of 84 lobsters 7 miles (12,9 km) north of Atlantis
Canyon on 16 June 1968. Mean depth at first capture was
60 fathoms (110 m); mean depth at release was 55
fathoms (101 m). All of the recaptures were reported by
specific location. Sex ratio at release was 47 females
(56%) to 37 males; the ratio at recapture was 5 females
(83%) to 1 male.

Mean time at large for all recoveries was 361 days (1.0
yr). Greatest time at large was 727 days (2.0 yr); the in-
dividual involved was an immature female at release and
one of two females in the subgroup of returns which sur-
passed the 50-mile (92.7-km) range of dispersion from
release point. Mean distance traveled by the six
recoveries was 32.2 miles (59.7 km).

Composite Station 12 (See Figure 14 and
Appendix Table 12)

Three recoveries have been reported from a single
point release of 57 lobsters 10 miles (18.5 km) northeast
of Block Canyon on 16 June 1968. Mean depth at first
capture and at release was 60 fathoms (110 m). All three
recaptures were reported by specific location. Sex ratio at
release was 25 females (44%) to 32 males; the ratio at
recapture was 1 female to 2 males.

Mean time at large for all recoveries was 231 days (0.6
yr); greatest time at large was 358 days (1.0 yr) during
which time the record individual, a mature male at
release, traveled 52 miles (96.4 km) east to the east side
of Veatch Canyon. Mean distance traveled by the three
recoveries was 30.3 miles (56.2 km).

Composite Station 13 (See Figure 15 and
Appendix Table 13)

Forty recaptures have been reported from a composite
total of 482 releases west of Block Canyon on 18 and 19
June 1968. Mean depth at first capture was 60 fathoms
(110 m); mean depth at release was 47 fathoms (86 m).
Twenty-three of the recaptures were reported by specific
location and three by approximate location. Sex ratio at
release was 256 females (53%) to 226 males; the ratio at
recapture was 25 females (62%) to 15 males.

Mean time at large for all accountable (37) recoveries
was 484 days (1.3 yr); greatest time at large for a located
individual, a mature female at release, was 1,360 days
(3.7 yr). This individual was recaptured 72 miles (133
km) southwest from point of release.
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Mean distance traveled by those lobsters with
capture locations was 52.1 miles (96.6 km), the
high average for all subgroups of returns. Twelve
dividuals surpassed the 50-mile (92.7-km) range;
ditionally, three others were reported from the vicinity
Veatch Canyon which is well beyond the 50-mile (92,
km) range from point of release. A '
number (12/15) of the long-distance migrants
females; most of the females were sexually mature at
release and all were sexually mature at recapture.

Two females were recaptured in the coastal trap
fishery off southern Long Island, N.Y. One of these (25F)
was berried at release and at recapture after having
migrated 75 miles (139 km) in 28 days (2.7 miles/day =
5.0 km/day). The short term and long distance of this
movement clearly supports an hypothesis of directed
migration to warmer waters. The second female (335F)
taken in the coastal zone was at large 465 days (1.3 yr)
and, judging from its size at release, conceivably was
engaged in a second or even third seasonal inshore migra-
tion.

Three recoveries (25F, 22F, 42M) are classified
migrants. Return 25F, noted above, was recaptured in a
local trap fishery at Fire Island Inlet, N.Y., in 7 fathoms
(128 m) of water; vector and ground speed well ex-
emplify the vernal shoaling concept. Return 22F was
taken 14 days after release at a point 23 miles (42.6 km)
southeasterly in slightly deeper water (60 fathoms = 110
m) than depth at release (47 fathoms = 86.0 m); it is
significant, perhaps, that recapture depth and original
capture depth were identical. We do not imply that this
individual sought to return to original depth, but givena
depth/temperature constant relationship over short
term, it is conceivable that this lobster sought to retum
to its original temperature stratum. Return 42M, an im-
mature male, was recaptured 58 days later and 47 miles
(87.1 km) northeasterly in 50 fathoms (91.4 m) of water;
considering immaturity and time of year, the net track
would seem biologically unproductive. .

Composite Station 14 (See Figure 16 and
Appendix Table 14)

Twenty-five recaptures have been reported from &
composite total of 266 releases 15 miles (27.8 km)
northwest of Block Canyon on 20 June 1968. Mean depth
at first capture was 60 fathoms (110 m); mean depth at
release was 49 fathoms (89.6 m). Twenty-two of the
recoveries were reported by specific location and one t
approximate location. Sex ratio at release was 14
females (55%) to 120 males; ratio at recapture was
females (76%) to 6 males.

Mean time at large for all accountable (24)
was 401 days (1.1 yr); greatest time at large for a
individual, a mature female at release, was 1,077
(2.9 yr). This lobster (726F) was recaptured 181 mi
(335 km) easterly near the head of Oceanographer
von; the hypothetical straight-line track is the
mate distance record and is exceeded slightly by




mature female (249F) recaptured just off the north
hore of Long Island, N.Y. (see Fig. 20).

Mean distance traveled by those lobsters with specific
apture locations was 46.9 miles (86.9 km). Eleven in-
ividuals, fully half of the located returns, surpassed the
0-mile (92.7-km) range with a disproportionate number
9) being females. Four of the eleven, all females, were
aken by a single fisherman in the seasonal trap fishery
ff southern Long Island; unfortunately, only the tag
stter code and sex were reported and we are unable to
orrelate beyond date and original release station.

Among the 22 located recaptures, only one (33M) is a
efined migrant; this individual moved southwesterly
ome 12 miles (22.2 km) and was recaptured at the same
epth as at release.

Return 269M, and the four females mentioned above
347F, 348F, 349F, 350F) were taken approximately 1 yr
fter release in the southern Long Island trap fishery in
1-12 fathoms (20.1-21.9 m) of water; while not migrants
1 the strictly defined sense, these recaptures are special
ases which probably represent directed migrations of
he year (1969) in which captured.

“omposite Station 15 (See Figure 17 and
Appendix Table 15)

Ten recaptures have been reported from a single point
elease of 46 lobsters on the so-called Leg area of Georges
Bank on 21 September 1968. Mean depth at first capture
was 35 fathoms (64.0 m); release depth was 28 fathoms
51.2 m). Six of the recaptures were reported by specific
ocation. Sex ratio at release was 23 females (50%) to 23
-nales; the ratio at recapture was 6 females (60%) to 4
nales.

Mean time at large for all recoveries was 434 days (1.2
yT); greatest time at large for a located individual, a
nature female at release, was 759 days (2.1 yr); this
Hbster apparently traveled only 12 miles (22.2 km), but

. is evident from monthly distribution patterns
: eveloped later in this report that lobsters would not re-
1ain localized in this general area; time at large closely
ipproximates an anniversary of the initial tagging event

1 this area and supports an hypothesis of seasonal
‘2visitation to shoaler, warmer water.

Mean distance traveled by those lobsters with specific
:apture locations was only 16 miles (29.7 km); reference
0 Appendix Table 15 shows that five of the six account-
ible recoveries were taken 1 or 2 calendar years later
luring the warmest half of the year either at the shelf
tdge (548F), or relatively near the release area. The sixth

51F), taken in November, 44 days after release, was con-
reivably engaged in retreat from oncoming winter con-
litions to the warmer sanctuary of the shelf edge and
lope. The high percentage (21.7) of recaptured lobsters
rom this release is second only to the slightly higher rate
f recapture from Composite Station 2.

“omposite Station 16 (See Figure 18 and
Appendix Table 16)

Fifty-nine recaptures have been reported from a
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composite total of 479 releases near the southwest corner
of Georges Bank on 24, 25, and 26 September 1968. Mean
depth at first capture was 50 fathoms (91.4 m); mean
depth at release was 40 fathoms (73.2 m). Thirty-nine of
the recaptures were reported by specific location and
eight by approximate location. Sex ratio at release was
196 females (41%) to 283 males; the ratio at return was 20
females (34%) to 39 males.

Mean time at large for all accountable (58) recoveries
was 435 days (1.2 yr); greatest time at large for a located
individual (932M), a mature male at release, was 1,407
days (3.8 yr).

Mean distance traveled by those lobsters with specific
capture locations (39) was 34.8 miles (64.5 km). Nine in-
dividuals, the majority being mature, surpassed the 50-
mile (92.7-km) range. Additionally, four others, two
males and two females, were reported from the Veatch
Canyon area, some 50 miles (92.7 km) from point of
release. Maximum dispersion (107 miles = 198 km) from
release point was achieved by an immature male (362M)
while at large 411 days (1.1 yr).

Six of the 59 recaptures were migrants. Two of these
(45F, 46M) were recaptured in October in slightly shoaler
water; three (52F, 55F, 54M) were taken in November in
slightly deeper (50 fathoms = 91.4 m) water, and one
(75M) was taken the following January at a depth of 155
fathoms (284 m). Considering the respective dates of
recapture, the tracks show a net tendency toward return
to deeper water with the onset of winter season.

Composite Station 17 (See Figure 19 and
Appendix Table 17)

Twenty-seven recaptures have been reported from a
composite total of 223 releases near the head of Lydonia
Canyon on 15 and 16 October 1968. Mean depth at first
capture was 45 fathoms (82.3 m); mean depth at release
was 71 fathoms (130 m). Fourteen lobsters were reported
by specific location and seven by approximate location.
Sex ratio at release was 138 females (62%) to 85 males;
the ratio at return was 14 females (52%) to 13 males.

Mean time at large for all accountable (20) recoveries
was 652 days (1.8 yr); greatest time at large for a located
individual, a mature male at release, was 1,372 days (3.8
yI).

Mean distance traveled by those individuals with
specific capture locations (14) was 37.4 miles (69.3 km);
four individuals, three mature females and one mature
male, surpassed the 50-mile (92.7-km) range as did six
others which were reported from approximated canyon
localities. Among this latter group, five of the six were
larger, sexually mature individuals at release, thus con-
firming the apparent tendency of larger lobsters to
migrate or disperse more so than smaller individuals.
Maximum dispersion (132 miles = 245 km) was achieved
by a mature male (937M) which had been at large 973
days (2.7 yr); this individual was recaptured in a coastal
trap fishery on outer Cape Cod.

The single migrant of this group, a mature male (56M),
moved easterly some 29 miles (53.7 km) over a period of



39 days and was recaptured at a depth of 100 fathoms
(183 m); track direction and timing is consistent with
hypothesized overwintering at and below the continental
shelf margin. Return 357F, recaptured in October of the
following vear, is regarded as a migrant of the year 1969.

Composite Station 18 (See Figure 20 and
Appendix Table 18)

Two hundred thirteen recaptures have been reported
from a composite total of 1,350 releases some 7 miles
(13.0 km) easterly of the head of Veatch Canyon on 30
April and 1 and 2 May 1969. Mean depth at first capture
was 137 fathoms (251 m); mean depth at release was 71
fathoms (130 m). These subgroups, like several others,
were released shoaler than capture depth to avoid the
likelihood of immediate recapture by our own vessel or
other commercial vessels trawling in the vicinity of in-
itial capture. One hundred eleven of the recaptures were
reported by specific location and 36 by approximate loca-
tion. In Figure 20 the recoveries are grouped and plotted
by 6-minute squares for reasons given earlier. Sex ratio at
release was 582 females (43%) to 768 males, The ratio at
return was 97 females (46%) to 116 males.

Mean time at large for all accountable (208) recoveries
was 275 days (0.7 yr). Maximum time at large for a
located individual (863F), a mature female at release,
was 950 days (2.6 yr), during which time net displace-
ment from release locality was only 7 miles (13.0 km).

Mean dispersion of the 111 recaptures with specific
capture locations was 25.3 miles (46.9 km). Ten females
and six males, the majority being mature at release, sur-
passed the 50-mile (92.7-km) range; among these 16,
four (249F, 477F, 359M, 720M) ranged well beyond 100
miles (204 km).

Fifteen of the recoveries are defined migrants. The
foremost example among these was 249F, a 90-mm
female at release; this individual traveled a record 186
miles (345 km) in 71 days (2.6 miles/day = 4.8 km/day)
and was recaptured in July in a trap fishery at 7 fathoms
(12.8 m) depth on the north shore of Long Island. This
extensive penetration into Long Island Sound might be
interpreted as an initially directed shoalward vector
toward Block Island Sound with unintended overrun into
eastern Long Island Sound; thereafter, a southwesterly
track would conceivably lead to the vicinity of recapture
on the north shore of Long Island. Alternatively, once
having entered the constricted eastern end of Long Island
Sound, any near-southerly track would result in shoaling
on the extensive north shore of Long Island and present
the dilemma of choosing correctly between an easterly or
westerly course for ultimate return to the open ocean. A
westerly track alongshore would also, in this conjectural
situation, effectively lead 249F to the point of recapture.
This unforeseen situation raises the possibility that other
lobsters of offshore origin may follow similar pathways
and become entrapped in Long Island Sound by virtue of
its confining geography.

The defined migrants within this group are listed
below along with track bearing, ground speed, and depth
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change, and the positive values of depth change signify

shoalward movement:

Ground speed Depth change

Return no. Bearing ~ mi/day km/day fathoms meter
249F a2t 26 48 +68 +12
263F 348 09 I | +50 +9
240F as* 21 a9 +36 5
254F 06g* 06 11 +42 +7
271F 278* 03 06 -20 -3
283F o7a* 02 04 -20 -3
166F 080 0.6 1.1 0 |
158F 068* 05 09 -5 -t
221F 081* 0.2 04 +10 +1
201M oz 08 1.5 0 |
1M 0n* 04 0.7 +45 +8
199M 067 0.7 13 +5 +
266M 296" 02 04 +15 L > 4
160M oea 06 1.1 ~12 -2
300M o2 0.2 04 -2 -¥

The initial bearing of 249F is measured to a point eas
of Montauk Point consistent with assumed straight-lin
penetration of eastern Long Island Sound; the subse
quent track or tracks to point of recapture are highly con
jectural as discussed above. Eight of the fifteen migrant
moved shoalward, two remained at release depth, an:
five moved to deeper water. Among the five returning t
deeper water, three were immature females.

Composite Station 19 (See Figure 21 and
Appendix Table 19)

One hundred four recaptures have been reported fror
a single point release of 751 lobsters some 12 miles (22.
km) southwesterly of Hydrographer Canyon on 4 Ma
1969. Depth at first capture was 150 fathoms (274 m)
depth at release was 65 fathoms (119 m). Sixty-on
recaptures were reported by specific location and 24 b
approximate location. Sex ratio at release was 36
females (48%) to 389 males; the ratio at return was 5
females (55%) to 47 males.

Mean time at large for all accountable (96) recoverie
was 286 days (0.8 yr); greatest time at large for a locate
individual (673F), a mature female at release, was 74
days (2.0 yr).

Mean distance traveled by individuals with specifi
capture locations (61) was 26.7 miles (49.5 km); seven in
dividuals (294F, 610F, 246M, 317M, 480M, 570M, 577TM
exceeded the 50-mile (92.7-km) range from release point
Six of these seven long-ranging individuals were sexuall;
mature at release; the seventh (480M) was mature a
recapture some 10 mo from release.

Maximum dispersion (125 miles = 232 km) wa
achieved by a mature male (317M) which move
northeasterly onto Georges Shoals at an apparent grou
speed of 1.4 miles (2.6 km) per day. Two others
570M) also exceeded the 100-mile (185-km) range;
three cases of wide dispersion from release point are
examples of the contrasting distinction between ¢
migrants (317M and 294F) and the defined i
minate (570M): the former show ground speeds in




F 1 mile (1.85 km) per day along hypothetical track lines
at are probably realistic approximations of actual
acks made good; the latter (570M) was recaptured 14
10 after release and shows a net displacement of 115
iles (213 km). In this situation, the track is simply a
raight-line resolution of some unknown number of
ovements over long term which have resulted in a ma-
+ westerly displacement; the timing and directionality
' the component steps cannot be deduced or inferred
om the available information.

The defined migrants (13) within this group are listed
¢ low with ground speed and depth change:

Ground speed Depth change
'eturn no. mi/day km/day fathoms meters

255F 0.6 1.1 +45 +82
294F 1 2.0 +417 +86
654F 1.1 2.0 +32 +59
146F 0.4 0.7 0 0
152F 0.4 0.7 =i -13
184F 0.4 0.7 +10 +18
191F 0.3 0.6 +15 +27
282F 0.1 0.2 -25 —46
246M 0.8 1.5 +48 +88
290M 0.5 0.9 -25 —46
31TM 1.4 2.6 +38 +70
190M 0.3 0.6 +15 +27
194M 0.4 0.7 +10 +18

'omposite Station 20 (See Figure 22 and
\ppendix Table 20)

Forty-four recaptures have been reported from a
mmposite total of 387 releases made 25 miles (46.3 km)
inithwest of Corsair Canyon over the 3-day pericd, 7, 8,
1l 9 May 1969. Mean depth at first capture was 173
\thoms (316 m) with range 160-180 fathoms (293-329
|); depth at release for all releases was 50 fathoms (91.4
(). Thirty-seven recaptures were reported by specific
lcation and one by approximate location. Sex ratio at
|l 2ase was 274 (71%) females to 113 males; the ratio at
[turn was 29 (66%) females to 15 males.
[Vlean time at large for accountable (44) recoveries was
[ days (0.5 yr); greatest time at large for a located in-
\vidual (897M), a mature male at release, was 1,075
I7s (2.9 yr) with recapture 27 miles (50.0 km) from
llease point.
Mean distance traveled by individuals with specific
ipture locations (37) was 30.4 miles (56.3 km); four in-
ividuals (306F, 315F, 578F, 697F), all sexually mature
males, equalled or exceeded the 50-mile (92.7-km)
inge from point of release. Maximum dispersion (143
iles = 265 km) was attained by 697F which was recap-
Ired near Veatch Canyon 761 days (2.1 yr) following
lease. This group of recoveries includes the second
gest number (21) and percentage (56) of definable
lgrants, 21 of 37. Collectively, the migrants are
acterized by relatively large size, a high proportion
6%) of females, and, among the females, a high propor-
n (44%) with external eggs at release.

|
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The defined migrants (21) within this group are listed
below with track bearing, ground speed, and depth
change:

Ground speed Depth change
Return no. Bearing mi/day  km/day fathoms  meters
148F 056° 1.0 1.9 -85 -156
161F 227° 0.8 1.5 —40 -73
244F 329° 0.5 0.9 +16 +29
252F 329° 0.5 0.9 +16 +29
259F 327° 0.7 1.3 +23 +42
276F 337° 0.5 0.9 +18 +33
277F 337° 0.5 0.9 +18 +33
306F 323° 0.5 0.9 +22 +40
314F 314° 0.6 1.1 +23 +42
315F 315° 0.6 1.1 +23 +42
171F 036° 0.3 0.6 —45 —82
198F 222° 0.4 0.7 -35 —64
209F 079° 0.2 0.4 —42 -7
228F 225° 0.2 0.4 -30 —55
239F 079° 0.2 0.4 —-32 -59
247F 009° 0.3 0.6 +11 +20
149M 056° 1.0 1.9 -85 -155
150M 043° 1.0 1.9 -85 -155
200M 334° 0.8 1.5 +13 —-24
285M 325° 0.5 0.9 +20 =37
210M 079° 0.2 0.4 =382 —59

It will be noted from the preceding table and Figure 22
that 10 of the 11 migrants showing shoalward displace-
ment were recovered within a 33° arc relative to release
point; the significance of this tight grouping is evident
only when the recovery positions are plotted on a detailed
bathymetric chart of the area encompassed from which it
can be seen that the recapture locations are coincident
with several areas that are heavily fished in summer
months by trawlers fishing primarily for yellowtail
flounders. The rugged topography of Georges Bank
shoalward of 30 fathoms (54.9 m), coupled with strong
tidal currents, greatly limits trawler activity and hence
the incidental catch of shoaling lobsters to those areas
that are topographically compatible with otter trawl
fishing. The relatively large number of tagged lobsters
recaptured on this shoaler part of Georges Bank (see also
Fig. 24 and related discussion) indicates that this upper
reach of the Bank as a whole supports a major summer-
time concentration of lobsters originating from the con-
tinental margin and slope from Veatch Canyon eastward.

Composite Station 21 (See Figure 23 and
and Appendix Table 21)

Twenty-three recaptures have been reported from a
single point release of 166 lobsters near the head of
Lydonia Canyon on 6 June 1969. Depth at first capture
was 70 fathoms (128 m); depth at release was 57 fathoms
(104 m). Fifteen recaptures were reported by specific
locations and six by approximate location. Sex ratio at
release was 82 females (49%) to 84 males; the ratio at
return was 7 females (30%) to 16 males.

Mean time at large for all accountable (19) recoveries
was 264 days (0.7 yr); greatest time at large for a located
individual (851M), a mature male at release, was 885
days (2.4 yr).



Mean distance traveled by individuals with specific
capture locations (15) was 30.1 miles (55.8 km); four in-
dividuals (186F, 262F, 399F, 352M), all sexually mature
at release, exceeded the 50-mile (92.7-km) range from
release point.

Maximum dispersion was attained by 399F which
moved a net distance of 82 miles (152 km) easterly over a
period of 167 days (0.4 yr).

The defined migrants (4) within this group of recap-
tures are listed below with track bearing, ground speed,
and depth change:

Ground speed Depth change

Return no. Bearing mi/day km/day fathoms meters
262F 032° i 3.2 +24 +44
352M 304° 0.6 1.1 +2 +4
230M 1172 0.5 0.9 —23 =42
231M 117° 0.5 0.9 —23 —42

Return 262F (44 days at large) approaches the idealiz-
ed view of seasonal shoalward migration, but 352M,
230M, and 231M do not. In view of their relatively short
term at large (22 days) it is possible that these last three
had simply reoriented toward the depth-temperature
stratum prevailing at first capture.

Recoveries 185F, 186F, and 399F fall outside the
migrant classification, but represent significant disper-
sions with respect to time at large or distance. Both 185F
and 186F were at large less than 10 days, but made
seemingly directed tracks (without depth change) of 40
miles (74.1 km) and 52 miles (96.4 km), respectively, at
calculated ground speeds in excess of 5 miles (9.3 km) per
day. Return 399F (167 days at large) was captured at a
point 82 miles (152 km) westerly and 17 fathoms (31.1 m)
shoaler than point of release; this dispersion is open to in-
terpretation, but may represent the outbound limit of a
shoalward migration or simply a point on an inbound
return from an even shoaler location.

Composite Station 22 (See Figure 24 and
Appendix Table 22)

Forty-six recaptures have been reported from a
composite total of 422 releases some 20 miles (37.1 km)
southwest of the head of Corsair Canyon on 10 and 11
June 1969. Mean depth at first capture was 87 fathoms
(159 m); mean depth at release was 51 fathoms (93.3 m).
Thirty-nine lobsters were reported by specific location
and one by approximate location. Sex ratio at release was
280 females (66%) to 142 males; the ratio at return was 28
females (61%) to 18 males.

Mean time at large for all accountable (43) recoveries
was 157 days (0.4 yr); greatest time at large for a located
individual (898M), a mature male at release, was 1,034
days (2.8 yr) with recapture 11 miles (20.4 km) from
release point. This individual showed a 39% increase in
carapace length at recapture which suggests that at least
two molts occurred during its time at large.
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Mean distance traveled by individuals with speci
capture locations (39) was 44 miles (81.5 km); five
dividuals (237F, 575F, 770F, 303M, 747M) surpassed f
50-mile (92.7-km) range from point of release by a c
siderable margin (range 87-164 miles = 161-304 kr
Maximum movement was attained by 747M (see Fig. '
which was recaptured 865 days (2.4 yr) following relea
runner-up in this category was 575F, a large egg-beari
female at release, which was taken in a coastal tr
fishery at Truro Beach, Mass., 431 days (1.2 yr) followi
release.

This group of recoveries includes the largest numl
(28) and percentage (71) of definable migrants with 28
39 located recoveries meeting the ‘“migrant” crite:
defined previously. The migrants here, as at station !
are characterized by large mean size, a high proporti
(61%) of females, and, among the females, a high prop:
tion (59%) with external eggs at release.

Bearing, ground speed, and depth change are giv
below:

Ground speed Depth change
Return no. Bearing mi/day  km/day fathoms  mete
236F 316° 1.7 3.2 +17 +
237F 240° 4.4 8.2 -8 =
238F 337° 1.5 2.8 +18 +
251F 338° 1.0 1.9 +18 +
260F 331° 1.0 19 +25 +4
284F 322° 0.5 0.9 +17 +
287F 328° 0.6 1:1 +21 +
288F 332° 0.6 1.1 +22 +4
293F 329° 0.6 1531 +14 +2
307F 302° 0.7 13 +22 +4
308F 302° 0.7 1.3 +22 +4
309F 302° 0.7 1.3 +22 +4
316F 307° 0.9 1.7 +25 +4
336F 300° 0.5 0.9 +25 +4
337F 300° 0.5 0.9 +25 +4
339F 310° 0.5 0.9 +20 +3
208F )y 0.8 1.5 —40 =1
222M 322° 1.0 1.9 +14 +¢
242M 333° 1.4 2.6 +12 +£
243M 330° 14 2.6 +20 +i
248M 325° 1.3 2.4 +24 +4
258M 317° 0.9 1F +23 +4
261M 331° 0.9 137 +19 +&
278M 317 0.7 1.3 +18 +é
303M 243° 1.6 3.0 —-23 -4
310M 341° 0.6 12 +20 +¢
341M 317° 0.4 0.7 +18 +
342M 317° 04 0.7 +18 +é

All but three (208F, 237F, 303M) of the migrants rar
ed significantly shoalward from point of release and we
recaptured within 89 days from date of release. Migra
208F moved quickly toward deeper water approximati
depth at first capture; migrant 237F, a large egg-beari
female, moved rapidly some 87 miles (161 km) in 20 da
to be recaptured near the head of Oceanographer Cany'
in only slightly deeper water; migrant 303M, a lar
male, moved 123 miles (228 km) in 76 days to be reca
tured on the east flank of Hydrographer Canyon
significantly deeper water. These movements do not ¢o
form to a working hypothesis of springtime shoalwa



nigration but they illustrate the kind of exceptions that
nevitably arise in attempted -classification of the
novements of tagged animals over a short term; the long
{istance traveled by 237F and 303M, both at high rates
f speed, tend to infer directionality on their movements
hat are inconsistent with our hypothesis; the close
igreement of the track bearings might well be coin-
idence, but a rational conclusion, nevertheless, is that
he tracks are similar results of disoriented attempts to
eturn to original release depth.

The exceptions noted above notwithstanding, the
yalance (25) of these migrants effected movements that
vere highly consistent in directionality, time at large,
ind distance. Inspection of Appendix Table 22 shows
hat all were recaptured within the range 20-89 days at
1et distances from point of release ranging from 22 to 48
niles (40.8-89.0 km); bearings of the net tracks are con-
ined to the narrow range 300°-341° with effective shoal-
ng ranging from 17 to 25 fathoms (31.1-45.7 m). This
articular group of defined migrants amply supports our
revailing hypothesis and serves to illustrate better than
iny other the concept of the outbound (shoalward) phase
f seasonal migration.

Jomposite Station 23 (See Figure 25 and
\ppendix Table 23)

Thirty-four recaptures have been reported from a
omposite total of 301 releases near the east flank of
Nelker Canyon on 19 and 20 June 1969. Mean depth at
irst capture was 61 fathoms (112 m); mean depth at
elease was 82 fathoms (150 m). Twenty-eight lobsters
vere reported by specific location and two by ap-
roximate location. Sex ratio at release was 139 females
46%) to 162 males; the ratio at return was 20 females
59%) to 14 males.

Mean time at large for all accountable (32) recoveries
/as 249 days (0.7 yr); greatest time at large for a located
ndividual (848F), an egg-bearing female at release, was
06 days (1.4 yr) with recapture 16 miles (29.7 km) from
riginal release point.

Mean distance traveled by individuals with specific
apture locations (28) was 35 miles (64.9 km); eight in-
lividuals (576F, 728F, 771F, 562M, 564M, 767TM, 769M,
‘9TM) surpassed the 50-mile (92.7-km) range from point
f release with two of these (728F, 797M) exceeding 100
niles (185 km). Maximum dispersion of 126 miles (234
‘m) westerly was accomplished by 728F while at large
148 days (0.95 yr); this individual bore ripe external eggs
it recapture which, coupled with zero growth over the
veriod at large, implies that egg deposition occurred
hortly after release.

Only four of the recaptures qualify as migrants; all
vere recaptured in significantly shoaler water with at
east three of the four effecting large-scale movements
ver relatively short term. Calculated bearing, ground

peed, and depth change of these migrants are given
relow:
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Ground speed Depth change
Return no. Bearing mi/day  km/day fathoms meters
576F 313° )15 § 2.0 +59 +108
584F 344° 0.5 0.9 +51 +93
562M 285° 5.0 9.3 +52 +95
564M 282° 5.5 10.2 +50 +91

The net tracks exhibited by 576F and 548F approach
the idealized view of directed shoalward movements; the
tracks of 562M and 564M are good, in the comparative
sense, but less than ideal in terms of the best vector
toward shoaler water. These two migrants rank first and
third for calculated ground speed among the 117 defined
migrants.

Probable migrations are evident in the respective
locations of at least four other individuals (767F, 769M,
797M, 771F); each of these lobsters was recaptured ap-
proximately 1 yr after release at depths (20-35 fathoms =
36.6-64.0 m) consistent with hypothesized summertime
distribution. It should be noted that here, as elsewhere,
perambulations beyond one season cannot be ap-
proximated by a straight-line track; this simple conven-
tion is probably a valid estimator in cases of defined
migrants, but where movements are summed over two or
more migration cycles, the track-line can be nothing
more than a measure of temporal displacement from
point of release.

Composite Station 24 (See Figure 26 and
Appendix Table 24)

Twenty-two recaptures have been reported from a
composite release of 173 lobsters 10 miles (18.5 km) west
of Oceanographer Canyon on 19 and 22 June 1970. Mean
depth at first capture was 59 fathoms (108 m); mean
depth at release was 57 fathoms (104 m). Fifteen lobsters
were reported by specific location and four by ap-
proximate location. Three recaptures were reported
without location information of any kind. Sex ratio at
release was 72 females (42%) to 101 males; the ratio at
return was 14 females (64%) to 9 males.

Mean time at large for all accountable (22) recoveries
was 290 days (0.8 yr); greatest time at large for a located
individual (883F), a mature female at release, was 512
days (1.4 yr) with recapture 18 miles (33.4 km) from
release point.

Mean distance traveled by individuals with specific
capture locations (15) was 24 miles (44.5 km); two in-
dividuals (569F, 648M) surpassed the 50-mile (92.7-km)
radius of dispersion. Recapture 569F, the only qualified
migrant among the returns, moved 74 miles (137 km)
southwesterly in 16 days (4.6 miles/day = 8.5 km/day) to
equivalent depth near Veatch Canyon; recapture 648M
was taken 136 miles (252 km) westerly near Block Can-
yon following 207 days at large.

Composite Station 25 (See Figure 27 and
Appendix Table 25)

Ten recaptures have been reported from a composite
release of 60 trap-caught lobsters near Block Canyon on 6



and 7 January 1971. Twenty-four were captured, tagged,
and released at 115 fathoms (210 m); 36 others were
taken, tagged, and released at 212 fathoms (388 m). All
recaptures were reported by specific location. Sex ratio at
release was 30 females (50%) to 30 males; the ratio at
recapture was 6 females (60%) to 4 males.

Mean time at large for the 10 recoveries was 285 days
(0.8 yr); greatest time at large for a given individual
(920M), a mature male at release, was 530 days (1.5 yr)
with subsequent recapture 4 miles (7.4 km) from release
point.

Mean distance ranged by the 10 recaptures was 15
miles (27.8 km); maximum dispersion of 54 miles (100
km) was attained by 798F while at large 163 days (0.4
yr); all other dispersions were 29 miles (53.7 km) or less
with two (735F, 734M) recaptured at original release
locations following some 6 mo at large.

None of the recaptures meet the migrant criteria as
defined.

Composite Station 26 (See Appendix Table 26)

Only a single recapture has been reported from a
composite total of 54 releases (trap-caught) southwest of
Hudson Canyon on 25 January and 21 February 1971.
The initial group of 50 lobsters was caught and released
at 225 fathoms (412 m); the second group of four was
caught and released at 300 fathoms (549 m). Sex ratio at
release was 17 females (31%) to 37 males.

The single recovery (647M), a mature male at release,
was at large 112 days (0.3 yr) prior to recapture at an un-
specified location.

Composite Station 27 (See Figure 28 and
Appendix Table 27)

Eleven recaptures have been reported from a
composite release of 194 trap-caught lobsters 15 miles
(27.8 km) south of Baltimore Canyon on 7, 8, 10, and 11
February 1971. Forty-seven were captured and released
at 185 fathoms (338 m); 24 were captured and released at
292 fathoms (534 m); 123 were captured and released at
150 fathoms (274 m). All of the recaptures were reported
by specific location. The sex ratio at release was 99
females (51%) to 95 males; the ratio at return was 6
females (54%) to 5 males.

Mean time at large for all recoveries was 452 days (1.3
yr); greatest time at large was 620 days (1.7 yr) with net
displacement of only 4 miles (7.4 km).

Mean distance traveled by the 11 recaptures was 24
miles (44.5 km); two individuals (740F, 917F) exceeded
the 50-mile (92.7-km) range. Maximum dispersion was
attained by 917F which was taken in a coastal trap
fishery near Cape May, N.J., some 71 miles (132 km)
from release location.

None of the recaptures meet migrant criteria.

Coniposite Station 28 (See Appendix Table 28)

Three recaptures have been reported from a single
point release of 29 trap-caught lobsters 25 miles (46.3

18

km) southwest of Hudson Canyon on 22 February 19
Capture and release depth was 250 fathoms (457 m); s
ratio at release was 14 females (48%) to 15 males.

Mean time at large for the three recoveries was 1
days (0.5 yr); greatest time at large was 479 days (1.3
with only 9 miles (16.7 km) displacement from relea
locality.

Mean distance ranged by the three recoveries was on
7.6 miles (14.1 km), the range being 7-9 miles (13.0-1¢
km).

None of these recaptures meet the migrant criteria
defined.

Composite Station 29 (See Figure 29 and
Appendix Table 29)

One hundred fifty-five recaptures have been report
from a composite release of 805 trap-caught lobsters
Veatch Canyon on 9 and 10 May 1971.

This series of releases was made by one of us (Richa
A. Cooper) while participating as scientific observer d
ing commercial trap-fishing operations of the FV W
Fox owned and operated by the Prelude Lobster Corpo
tion of Westport, Mass. The lobsters that were tagg
were, for the most part, either sublegal by size, or e
bearing females, and would normally have been discar
ed as the traps were hauled and emptied. This taggi
strategy was not used on any other cruise. All oth
lobsters were trawl-caught or trapped (composi
stations 25, 26, 27, 28) by research vessels previous
named; among these trap-caught lobsters all that we
viable at capture were tagged and released with the ¢
ception of those which were dead or moribund (<1'
after the posttagging holding period.

One hundred fifty of the tagged lobsters were captur
and released at 60 fathoms (110 m); the second group
655 was captured and released at 55 fathoms (101 m
Sixty-three of the recaptures were reported by speci
location, 83 by approximate location, and 9 without loc
tion information of any kind. Sex ratio at release was €
females (77%) to 184 males; the ratio of recaptures w
105 females (68%) to 50 males.

Mean time at large for all accountable (154) recoveri
was 183 days (0.5 yr); greatest time at large for a locat
individual (953F), an immature female at release, w
492 days (1.3 yr) with recapture 18 miles (33.4 km) fro
release point.

Mean distance traveled by individuals with speci
capture locations (63) was 15 miles (27.8 km); fi
lobsters (721F, 738F, 926F, 758M, 895M) surpassed t!
50-mile (92.7-km) range with each of the two males e
ceeding 100 miles (185 km). Maximum dispersion of 1
miles (206 km) northerly to Cuttyhunk Island was &
tained by 758M while at large 108 days; this migratit
(by prior definition) into the coastal trap fishery is
further example of the evident, but unmeasured, annu
recruitment to coastal stocks by lobsters of offsho
origin. The net dispersion of 895M over 221 days to
point 102 miles (189 km) westerly could conceivably ha!
been the summation of a shoalward migration such !
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Figure 40.—Composite of recoveries by months by 6-minute squares with mean monthly bottom temperature—dJuly.
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Figure 41.—Composite of recoveries by months by 6-minute squares with mean monthly bottom temperature—August.
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that of 758M followed by an equal, but nonreciprocal
return leg leading back to the point of capture west of
Block Canyon; we believe that this hypothetical kind of
two-stage movement could account for many of the ap-
parently directed easterly or westerly movements.

Only four of the recaptures qualify as migrants; all
were recaptured in significantly shoaler water with three
of the four effecting large-scale movements ap-
proximating 1 mile (1.85 km) per day while at large.
Each of the tracks show optimal or near optimal direc-
tionality relative to the shoaling objective. Calculated
bearing, ground speed, and depth change of these
migrants are as follows:

Ground speed Depth change

Return n Bearing mi/day km/day fathoms meters
121F 004° 1.0 1.9 +38 +7
738F 004° 0.9 1.7 +30 +55
T9F 018° 0.5 0.9 +35 +64

M 322° 1.0 1.9 +55 +101

SUMMARY OF DEFINED MOVEMENTS

It should be recalled that this report deals with 945
recaptured lobsters among which 584 (62%) of the total
were reported by specific location and hence classifiable
according to the scheme outlined in the section on migra-
tion versus dispersion. According to the criteria laid
down, 117 recaptures have been defined as migrants, 15
as nonmigrants, 147 as residual nonmigrants, and 297 as
indeterminates, thus yielding a total of 576 defined
movements. The discrepancy between the total of 584
located recaptures and 576 defined movements is due to
the fact that eight of the located recaptures were
reported without a date of recapture and hence could not
be classified.

Among the 117 defined migrants, 74 (63%) effected net
shoalward movements of 10 fathoms (18.3 m) or more
beyond the release point (Table 2). Although these tracks
have been depicted in preceding figures as elements of
the overall recovery patterns of their respective release

group, it is instructive to isolate them from their original
cohorts and examine them collectively. The intent of
Figures 30-32 is to show more clearly the variability of
performance of the migrants which conform with our
hyvpothesis of vernal shoalward migration while

eliminating the confounding effects of other kinds of

ovements

The ratio of these conforming (shoaling) migrants to

the sum total of defined movements is 74:576. This
grouping permits the inference from these tag returns
that some 13% of the population at large annually

engages in seasonal shoalward migration to a greater or
lesser degree

It is important to note that 297 of the 576 classified
movements fall in the indeterminate category. This
group constitutes 51% of the classified movements and
includes a significant number of dispersions which, while
failing to meet the migrant criteria because of the 120-
day time constraint, may be subjectively interpreted as

migrants on the basis of relative dislocation from the
continental margin and month of recapture.

In order to give fuller consideration to these
movements, and to assess their additive effect on the
previously derived estimate of 13% participation in an
nual shoalward migration, we have selected and redefin
ed as probable migrants those indeterminates whost:
recapture locations were at least 50 miles (92.7 km) fron
original release locality and at least 50 miles (92.7 km
from the nearest margin of the continental shelf. Thes:
highly restrictive criteria admit only 22 additional en
tries (Table 2) to the asserted list of conforming (shoal
ing) migrants and raises the theoretical ratio o’
shoalward migrations to 17%. We have assumed that the
shoalward excursions of these probable migrants com
menced in springtime from the shelf margin in the vicini -
ty of first capture or, alternatively, from some other point:
on the shelf margin no less than 50 miles (92.7 km) from
point of recapture. These restrictions effectively exclude
a considerable number of other indeterminates of only
slightly lesser performance. If we assume that 13% of the
indeterminates, or 39 lobsters, demonstrated vernal
shoaling, as was the estimate from the defined migrants,
the revised estimate of shoalward migration would be
20% (74 + 39 = 113, or 20% of 576). We can conclude
from this review and reassessment of movements that at
least 17-20% of the tagged population engaged in
seasonally directed shoalward migration, that some 25%
remained more or less localized (nonmigrants), and that
the balance of classified movements (indeterminates)
might, by more definitive criteria, be assignable to one or
the other of the first two categories. We believe that the
17-20% estimate of shoalward migration is highly conser
vative. The major impediment to correct allocation o’
the movements observed is our unsatisfactory knowledg:
of 1) homing tendencies and 2) the realistic limits on tho
radius of dispersion of localized movements in any giver
vear. Until these issues are resolved by further ex
perimentation (sonic tagging with periodic tracking), wt
have no basis for classification other than the partly ar
bitrary system we have used. We believe, nevertheless
that the deductive process used is substantially valid anc!|
provides an acceptable interpretation of the seasona!
movements of lobsters comprising the offshore stock. The:
following sections on the monthly distribution of recap-
tures in relation to depth and temperature further sub-
stantiates the arguments advanced heretofore.

DEPTH DISTRIBUTION AT RECAPTURE

Analysis of the depth distribution of recaptured
lobsters by month of capture shows a pronounced
cyclical pattern of shoaling during the shelf warming
period followed by retreat to the shelf margin and slope
in winter months. These trends are summarized in
Figure 33 which shows mean depth at recapture by
quarterly periods over the 4-yr period 1968-72.

Inspection of third quarter (July, August, September)
averages shows relatively little deviation from the 4-yr
mean of 50 fathoms (91.4 m); similarly, fourth quarter




le 2.—Recapture data for 74 shoalward migrating lobsters demonstrating shoaling of 10 fathoms (18.3 m) or more and 22 probable migrants
nse recapture location was at least 50 nautical miles (92.7 km) from release and at least 50 miles from nearest margin of continental shelf,

gures  Return no. Nauti- Days Average Depth Figures Return no. Nauti- Days Average Depth
0-32  and composite cal at speed change 30-32  and composite cal at speed change
torno. station no. miles large (mi/day) (fathoms) vectorno. station no. miles large (mi/day) (fathoms)
1 3F-3 102 29 3.5 60 49 293F-22 38 60 0.6 14
2 29F-3 T 118 0.6 75 50 307F-22 48 72 0.7 22
3 4F-5 11 36 0.3 34 51 308F-22 48 72 0.7 22
4 26F-5 38 37 1.0 18 52 309F-22 48 72 0.7 22
& 27F-5 38 37 1.0 20 53 316F-22 41 48 0.9 25
6 28F-5 56 50 i 78 54 336F-22 42 89 0.5 25
7 10F-6 24 33 0.7 42 55 337F-22 42 89 0.5 25
8 18F-6 18 49 0.4 29 56 339F-22 44 86 0.5 20
9 19F-6 18 49 0.4 29 57 222M-22 22 23 0.9 14
10 20M-6 18 49 0.4 29 58 242M-22 35 25 14 12
11 8M-7 72 39 1.8 37 59 243M-22 40 28 1.4 20
12 41F-10 20 60 0.3 10 60 248M-22 41 31 1.3 24
13 25F-13 75 28 A 38 61 258M-22 32 37 0.9 23
14 221F-18 12 54 0.2 10 62 261M-22 35 41 0.8 19
15 240F-18 66 32 20 36 63 278M-22 30 45 0.7 18
16 249F-18 186 A 2.6 68 64 310M-22 38 67 0.6 20
17 254F-18 41 71 0.6 42 65 341M-22 32 89 0.3 18
18 263F-18 76 80 0.9 50 66 342M-22 32 89 0.3 18
19 266M-18 21 85 0.2 15 67 576F-23 52 48 1.1 59
20 311M-18 39 106 0.4 45 68 584F-23 39 84 0.5 51
21 184F-19 15 40 0.4 10 69 562M-23 80 16 5.0 52
22 191F-19 14 43 0.3 15 70 564M-23 83 15 5.5 50
23 255F-19 45 70 0.6 45 71 721F-29 50 49 1.0 38
24 294F-19 118 107 1.1 47 72 738F-29 50 53 0.9 30
25 654F-19 47 41 1 & 32 73 779F-29 39 79 0.5 35
26 190M-19 14 43 0.3 15 74 758M-29 1l 108 1.0 55
27 194M-19 17 42 0.4 10 75 544F-7 58 771
28 246M-19 51 67 0.8 48 76 335F-13 56 465
29 317M-19 125 86 1.4 38 77 347F-14 65 365
30 244F-20 27 60 0.4 16 78 348F-14 62 365
31 247F-20 18 62 0.3 11 ) 349F-14 59 365
32 252F-20 32 66 0.5 16 80 350F-14 59 365
33 259F-20 47 70 0.7 23 81 269M-14 65 392
34 276F-20 41 79 0.5 18 82 357F-17 58 353
35 277F-20 41 79 0.5 18 83 T68F-17 7 1,010
36 306F-20 54 100 0.5 22 84 937M-17 132 973
37 314F-20 45 81 0.5 23 85 355F-18 70 166
38 315F-20 50 82 0.6 23 86 720M-18 110 761
39 200M-20 35 43 0.8 13 87 610F-19 66 443
10 285M-20 48 94 0.5 20 88 57TM-19 78 522
11 262F-21 76 44 1.7 24 89 578F-20 87 519
12 236F-22 33 20 1.6 17 90 575F-22 155 431
13 238F-22 32 21 1.5 18 91 770F-22 103 750
4 251F-22 32 32 1.0 18 92 767TM-23 62 389
15 260F-22 37 38 1:0 25 93 769M-23 60 377
6 284F-22 32 60 0.5 17 94 771F-23 54 361
7 287F-22 38 59 0.6 21 95 740F-27 52 227
18 288F-22 38 59 0.6 22 96 917F-27 T 230

rages are in good agreement with the 4-yr mean of 66
ioms (121 m). In contrast, the first quarter averages
~# an almost straight-line cline ranging from 197
oms (360 m) in 1969 to 127 fathoms (232 m) in 1972;
implication of this trend is not clear because of the
tively small numbers and large range of observations
1 which these means were derived. If, however, the
d is real, it suggests that slope waters became
tressively warmer over the 4-yr period to the degree
. optimal overwintering conditions (discussed below
er Average Monthly Bottom Temperatures) were met
rogressively shoaler levels. The sum of deviations of
nd quarter means from the 4-yr averages are almost
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as great as those of the first quarter; here, however, the
major source of deviation stems from a disproportionate
number of deep-running recaptures taken in April 1970.
Despite the shortcomings of the data, the clearly
cyclical nature of seasonal depth change seems, indepen-
dent of net track analyses, adequate evidence of the
tendency of offshore lobsters to optimize their year-round
temperature regime. The consequences of this behavior
are manifold in that metabolic rates and related life
processes are doubtless accelerated relative to the coastal
zone populations which tend to remain highly localized
and hence subject to wider seasonal extremes and
significantly lower mean annual temperature.



AVERAGE MONTHLY BOTTOM
TEMPERATURES

The distribution of recaptured tagged lobsters by
month and grouped by 6-minute squares against average
bottom water temperatures (°C) from Colton and Stod-
dard (1973) are presented in Figures 34-45. Bottom
isotherms are plotted from data collected during the
period 1940-66. Only recaptures whose month and loca-
tion of recapture are known (N = 584) are plotted.

Relating lobster distribution to average bottom water
temperatures, it is apparent that the offshore lobster
population generally maintains itself within a
temperature regime of 8°-14°C. The two apparent excep-
tions to this generalization, evident in Figures 36
(March) and 37 (April), are predictable. Bottom
isotherms represent average temperature conditions for a
26-yr period, and the temperature conditions for a given
month vary considerably from year to year and within a
given month (Colton and Stoddard 1973; and
Chamberlin?).

During the first quarterly period, January through
March, offshore lobsters are distributed along the outer
continental shelf and upper slope (Figs. 34-36). Bottom
water temperatures during this period ranged from 8° to
12°C (Colton and Stoddard 1973; Chamberlin’). In con-
trast, the inshore, shallow-water lobster populations are
in a state of reduced activity in coastal waters of 0°-4°C
(Cooper et al. 1975).

During the second quarterly period, April through
June, the onset of shoalward migration has begun, oc-
curring first (April and May) in the western half of the
shelf (Figs. 37, 38) and next (June) in the eastern half of
the shelf (Fig. 39). Bottom water temperatures in the
latter half of May along southern Long Island, Block
Island Sound, and Buzzards Bay are 8°C and warmer
(Colton and Stoddard 1973). An intensive fishery for
lobsters occurs along southern Long Island from late May
through mid-July, directed primarily toward the onshore
migrants emanating from Hudson to Veatch Canyon
(Cooper and Uzmann, unpubl, studies). Lobster
migrations into the southern Long Island coastal waters
are evident from Figures 6, 15, and 16.

Figures 40-43 (July-October) demonstrate that the
offshore lobster population is widely distributed over the
southern New England continental shelf, including the
shoal waters of Georges Bank and the coastal waters of
Long Island, Rhode Island, southern Massachusetts, and
Cape Cod. Bottom water temperatures in areas of ap-
parent lobster abundance during July-September are 8°-
142@;

The return migration to the outer shelf-upper slope
waters probably begins in August (Fig. 41) and continues
through September, October, and November (Figs. 42-

‘Chamberlin, J. L. Bottom temperatures on the continental shelf and
slope south of New England during 1974. In J. Goulet (editor), Environ-
ment of the United States living marine resources—1974, p. 18-1 to 18-7,
figs. 18.1-18.6 (NMFS unpubl. manuscr.)
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44). Migration to deep water first occurs in the
half of the shelf and then in the eastern half.
During the first month (October) of the last qu:
(October-December) there are still some lobsters
tributed over the shoals of Georges Bank and immediate
ly south of Nantucket Island (Fig. 43) with bottom
temperatures of 10°-14°C. By December the offsh
lobster population is again distributed along the
continental shelf and upper slope waters (Fig. 45) w
bottom temperatures are 8°-.12°C.

CONCLUSIONS

The distribution of tag returns from a 4-yr tagging &
recapture study has demonstrated that at least 20% ¢
the offshore lobster population moves into shoal wa
the spring and summer and returns to the outer shelf anc
upper slope by early winter. This migratory behavi
appears to be motivated by temperature, as tho”l
distribution of tagged lobsters according to depth is wel!
correlated with bottom temperature. The
seasonal migrations undertaken by offshore lobsters
trast sharply with the localized movements of
stocks. This apparent difference may be partially &
plained by the very high exploitation rate inshore
that most lobsters of recruit size are quickly
within the bounds of locally intensive fisheries.
Whether the offshore stocks are genetically
from the coastal stocks has not been established,
evident that the shelf edge and upper slope is a
nent habitat from which small- and large-scale
sions are made with seasonal regularity. We believe
the continental slope habitat lacks sufficiently
temperatures during the summer to promote )
eggs, molting, and subsequent mating, and that |
deficiency is compensated by seasonal shoalward mij
tion to warmer water. In situ observations of
lobsters from the research submersible Nekton Gamm
at Corsair, Lydonia, Oceanographer, Hydrographer, ar
Veatch canyons during June-July of 1973 and 1974 sub
stantiate this belief. Evidence of lobster molting (sh
exoskeleton) was observed only at depths shoaler tha:
100-110 fathoms (183-201 m), whereas lobsters were dis
tributed to depths of at least 170 fathoms (311 m).
The magnitude of variation in depth at recaptur
month suggests that the migration toward shoal water i
not a total population response, nor is it likely a well:
coordinated one. We hypothesize that some lobster
migrate early, some late, and some not at all.
posed upon these variations in migratory behavior is.
apparent tendency of some lobsters to move laterally ea
or west along the outer shelf and upper slope. Hence,
concept of discrete canyon populations is unlikely.

SUMMARY

1. This report has presented the results of an off
lobster tag and recapture study to define the

‘Research submersible operations provided by NOAA's Mann
sea Science and Technology Office. :



nigratory behavior and population distribution of the
ffshore lobster population ranging from Corsair Can-
ron and the southeastern extremes of Georges Bank
o Baltimore Canyon off the coast of Virginia. A total
f 7,326 offshore lobsters were tagged and released at
)2 localities, grouped into 29 composite release
tations to effect a logical pooling of release and recap-
ure information and expedite the plotting and
wvaluation of the data.

Jooper and Uzmann (1971) hypothesized, on the basis
f a described time-temperature relationship, that the
wature of the offshore lobster migration phenomenon
vas a vernal shoalward movement to warmer water
vith subsequent return to the outer edge of the shelf
ind upper slope with the onset of fall and winter. In
his report we attempt to elicit qualitative and quan-
itative aspects of individual movements from
rroupings of individuals referenced to release locality,
yoint of recapture, and time at large.

Among the 945 recaptured lobsters, 584 (62%) were
eported by specific location, 183 (19%) by generalized
ocation, and 178 (19%) without location information
f any kind. A classification scheme is presented
vhich distinguishes between directed migrants and
hose whose net movements over time are in-
onsequential or not clearly directional. We have
lefined a migrant as an individual that has moved a
listance of 10 miles or more in 10-120 days from time
of release to time of recapture. A total of 117 (20% of
>84) lobsters meet our requirements of defined
nigrants.

3etween 17 and 20% of the 576 recaptured lobsters
vhose net movements were definable (classified
novements) demonstrated seasonal shoalward migra-
ion. The highly restrictive criteria used herein for
lefining shoalward migrants have probably excluded
1 considerable number of other recaptures that had,
n fact, migrated into shoaler water. Therefore, the es-
imate of 17-20% annual shoalward migration is
yrobably an underestimate. Approximately 25% of
he tagged population remained localized (non-
nigrants) and some portion of the remaining 55-58%
f the classified movements (indeterminates) might,
hrough more definitive criteria of classification, be
issignable as shoalward migrants or nonmigrants.
‘orty-three (37%) of the defined migrants (117) mov-
«d laterally along the outer edge of the continental
helf. There is no apparent reason for this lateral
novement easterly or westerly during spring and
ummer. Discrete submarine canyon populations
eem unlikely in view of these lateral movements. In
ontrast, 63% of the defined migrants moved into
hoal water.

\nalysis of the depth distribution of recaptured
obsters by month of capture shows a pronounced
yelical pattern of shoaling during March-August
ollowed by a return to the shelf margin and upper
lope during October-December. These cyclical
hanges in depth by season, independent of net track
nalyses, provides additional support for the
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hypothesis of Cooper and Uzmann (1971) of inshore-
offshore movements of the offshore lobster population.
7. The distribution of recaptured lobsters by month of
capture and mean bottom water temperature
demonstrates that the offshore lobster population,
through random and/or directed movements, main-
tains itself within a temperature regime of 8°-14°C.
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APPENDIX TABLES |

Key to Column Headings

RET - Return number plus F (female) or M (male) suffix on column entries

CS - Composite station number
OS - Original station number
MO - Month of recapture
RLAT - Release latitude
RLON - Release longitude
CLAT - Recapture latitude
CLON - Recapture longitude
DATL - Days at large
MIL - Miles (nautical)
CL1- Carapace length at release

CL2- Carapace length at recapture
EC - External egg code; first digit is egg code at release, second digit is egg

code at recapture:
1 - no eggs
2 - new eggs
3 - mature eggs
4 - unreported
5 - eggs, stage unreported
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Appendix Table 8

RLAT

3959

3359
3959
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4003
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4uU0 3
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quu3
4003
4u0 3
4U0 3
4003
4ug 3

4uU03
4003
4003
4uU 3
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4003
4003
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RLAT

4013
4013
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RLON

7003

7003
7003
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3957

CLON

6740

6929

Appendix Table 9

RLON

7018
7018
7018
7018
7018
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7018
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7018
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7U18
7018
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7018
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7C18
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RLON
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7031

7031

CLAT

4015
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3957
4 U002
4025
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3956
3955
4003
4uU20
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4001
G35
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6923
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7054
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298
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400 6
4U06
UGG
40U 4
4004
4U0 b
400y
4UUG
400 b

Appendix Table 13

RLON

7150
7150
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7143
7143
7148
7148
7148
7143
7143
7150
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7148
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7148
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7150
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7148
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7150
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7150
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VEAT
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7123
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Appendix Table 14

RLON

7138
7138
7138
7138
7138
7138
71138
7138
7138
7138
7138
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7138
7138
7138
7138
7138
7138
7138

7138
7138
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4003
4023
3952
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3958
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4U45
40406
4048
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3941
3950
4044
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711354
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7147

1223
11217
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6939
1243
71238
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1228

1135
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6743
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7003
7246
713U
71124

Appendix Table 15
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4142
414 2
4142
414 2
4142

414 2
4142
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6652
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6652
6652

6b52
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4137
4139
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4140
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6648
66217
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556
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65
b2

53
58

181

12
2b
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94
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79
80
91
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Appendix Table 16

RLON

6837
6837
6842
68317
6842
683b
683b
6842
68306
6842
6842
6837
6842
6837
6842
6842
6837
6842
6842
6837

68306
6831
6837
6842
6837
6842
6836
6842
6836
6837
6837
6836
6837
6836
6837
6842
6842
6837
6842
6837
6837
6831
6836
68317
6837
6837

CLAT

4034
4Ul8
4032
4004
4014

4002
40U 8
4U24

HYDR
VEAT

402U
VEAT
HYUR

4015
OCt A

8034
4052
3959
4022
4022
4uU04
4005
4019
4019
4015
4Ul4

VEAT
4007

4007
4008

4012
4012
4010
4016
4008

4206

CLON

69217
6907
bYUb
6852
6817

6933
1027
b8lb

6818

6855

64927
69Ub
6937
685U
685U
6852
6850
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b84 U
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9
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Appendix Table 16 Cont.
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buz9y
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4015
4035
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Appendix Table 17
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67393
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3958
3958
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3958
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3958
3958
3958
3959
3958
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4uu0
4000
3958
3958
3958
3958
4uu0
3958
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3959
3958
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3959
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3959
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Appendix Table 18

RLON

6928
6928
6928
6928
6925
6928
6928
6934
6928
6934
6928
6934
6934
6928
6925
6925
6925
6934
6934
6934
6928
6928
56934
6928
6928
6934
5925
6928
6928
6928
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6934
6934
6934
6928
6928
6928
6928
6934
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63934
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6928
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4007
4uo7
4007
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4020
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63936

6941

6941
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63934

63908
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64908

63925
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56
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1
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258
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41
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21
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86
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82
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79
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80
77
80
80
109
101

121
86
116
68

82

93
83

82

113

115
91
8b
89
89
82
S0
93

112
82
S8
96
86

102
88

85

EC

14
14
55
14
11
41
11
11
11
11
11
Il
11
11
31
11
il
11
14

14
11
11
14
11
14
11
14
11
g ¢
11
11
11
h o ¢
11
11
14
31
14
14
11
b |
1 %
11
14
11
11
14
i |
14



RET

46 8F
469F
470F
471F
476F
47 7F
47 8F
483F
485F
494 F
500F
509F
513F
516F
51 8F
520F
525F
533F
537F
54 TF
56 0F
572F
573F
596F
599F
603F
BOU4F
608F
609F
612F
622F
623F
632F
667F
66 9F
676F
678F
679F
130F
800F
801F
8U3F
804F
84 9F
857F
863F
894 F
344

Cs

18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18

0s

29
32
7.
32
32
29
32
30
29
29
29
Z3
32
32
30
32
32
32
32
29
29
29
30
29
32
30
29
32
32
29
29
30
32
32
29
32
32
32
32
29
29
32
32
30
29
30
32
29

MO

~oO~wNoOuUmooOoOoOoOULLULLUULWLESESFEEESE
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Appendix Table 18 Cont.

RLAT

325 B
4uuo
4uu0
4UU0
4uUU
3958
WO
33953
3958
3958
3958
3958
4w 0
40
3959
4uwo
4uuu
4uuo
4uuu
3958
3958
3958
35959
3958
4U00
3359
3958
4uuD
4000
3958
3958
35959
4U0
4u00
3958
4000
40u0
4000
4uU00
3958
33958
4uu0
4000
3959
33958
3959
40UD0
3959

RLON

6928
6934
6934
6934
6934
6928
6934
6925
6928
63928
6928
6928
6934
6934
6925
63934
6934
6934
6934
6928
6928
6928
6925
6928
6934
6925
6928
6934
6934
6928
6928
6925
6934
63934
6928
6934
6934
6934
6934
6928
6928
6934
6934
6925
6928
6925
6934
6925

CLAT

VEAT
4028
4Uly
3953
40Ut
40UY
40Ub
4Ul3
3356
4005
395 7
3957
HYDR

4043
4004
VEAT
VEAT
HYDR
401U
4004
4004

395
U4
HYDR
HYDR
4033
3356

4012
HYDR
HYDR
4015
VEAT
VEAT
VEAT
VEAT
%4035
4031
4005

CLON

6710
6815
b92b
bY93b
b9U 3
b839
68351
b4935
b 3945
6925
6925

bY938
63935

WELK
69U 8
7049
7049

6934
6928
6931
6919

639Ub

b 845

HYDR
6825
6758
6925

DATL

336
334
334
334
340
344
352
367
366
376
.7 ¥ |
381
383
395
396
395
402
400
388
416
430
411
428

474
462
46 3
433
4093
319
s L
518
548
701
688
750
409
408
173
42
42
40
866
921
931
950
57
1238

MIL

110
60

11
21
38

N W E

22
64
62

32
12

25

41

59

78
7

CL1

89
107
17
[ §r
82
140
74
85
88
86
88
101
60
91
83
71
77
61
97
 § -
68
73
75
86
90
73
85
73
88
75
86
88
59
80
75
103
7 i
81
65
T
82
30
61
85
102
81
77
15

cL2

82
154

102
100

93
112

71
i

5
75
97
90

104

82

93
103
85
94
92
116
105

97
116

100



N |

22M
23M
24 M
2TM
Z9M
34M
35M
36M
43M
53M
S4 M
50M
719M
1M
92 M
93 M
99M
J1M
13M
14M
LM
L7M
LEM
2bM
>4 M
HSM
LbM
12M
7SM
32M
JUM
LAM
.2M
.3M
2bM
2T
28M
S3M
29M
»0M
>4 M
28M
r3mM
fyM
52M
33M
bTM
I8M
I0M
1M

CsS

18
18
18
18
18

18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
i8
18
18
18
18
18
18
18
18
18
18
18
18

0sS

30
239
29
29
30
29
239
29
29
30
29
29
30
29
32
32
29
32
30
32
32
29
29
23
23
29
23
23

29
29
29
3a
32
30
30
29
29
32

32
32
32
29
32
32
32
32

29

oo, o W;m (o]

cooo0ouUn;m

WSN~NOUWUWENONSN~NN~NOO OO0

RLAT

3459
3958
3958
3958
31959
33958
3958
3i9518
3358
3359
3958
3958
3 9519
3958
4U00
4uuo
3495'8
4uugo
3959
4uuUy
4000
3958
3958
3958
3458
3358
3958
3958
3959
3958
34958
3958
3959
4000
3959
34959
3958
3958
4000
4U00
40u0
4uU0
4uu0
3958
4ulo
4300
4000
4000
4000
3958

Appendix Table

RLON

6925
6928
6928
6928
6925
6928
6928
6928
6928
6925
6928
6928
63925
6928
6934
6934
6928
6934
6925
6934
6334
6928
5928
63828
63928
6928
6928
6928
6925
6928
6928
6328
6925
6934
6925
6925
6928
6928
6934
6934
6934
63934
63934
692¢&
6934
6934
6934
6934
6334
6928

CLAT

VEAT
VEAT
VEAT

3956
33956
395606

4 00 b
4007
4u07
4009

4013
4013

3958
3958
4000

4odu
4u00U
40017
3358
33958
VEAT
4003
4036
4UJ8
4uUu8

4014
4113
40U3
4013

4u20
4020
4020
4u20
4020
4020

77

18 Cont.

CLON

Y31
6931
bYs51

63905
6928
6328
6933

6843
b8Y4 3

6939
6939
b922

63937
6337
Y952
b923
6923

6308
6923
6931
63931

6Yl s
6703
6936
6916

b93 4
6934
6934
6934
6834
6934

DATL

19
20
20
10

S & £ W

52
50
55
54
5S4
56
58
60
81
81
85
62
b2
33
82
106
125
124
55
63
b4
143
190
173
191
197
197
199
212
212
212
212
212
214

MIL

£ £ £

20
137

20

20
20
20
20
20

CL1

81
71
83
94
90
87
100
70
91
81
73
102
99
75
92
90
153
174
82
30
161
130
88
71
101
65
89
94
85
94
86
96
14
96
96
97
90
87
66
81
71
78
68
78
85
103
100
98
91
15

cL2

94
30
87
100
88
91

102
99
75

90
153
174

82

90

88
82
101
88
89
94

107

96
18]
96

110
87
= &
83

102
124
100
98
107
84



Appendix Table 18 Cont.

RET ES OS5 MO RLAT RLON CLAT CLON DATL MIL CL1 CL2
393M 18 29 11 34958 6928 4U2U bY34 214 b 87 107
394 M 18 29 12 3958 6928 219 103
396M 18 32 12 4UUU 6934 4Uls bY3y 219 15 bb 18
397M 18 29 11 3498 6928 4020 bY34 204 22 16 89
4UUM 18 32 12 4uJU 6934 4UUG ©bYUl1l 222 25 b4 75
402M 18 32 12 4W0 Y34 H4UUY b3IUS 220 24 110 110
404M 18 30 12 3999 b6Y25 4uUU3 b4 22 3 19 81 99
4usM 18 30 12 3959 6925 225 g1 1M
411M 18 22 12 4%4UUU bY34 224 39 19
4124 2B 2 12 3958 69286 226 82 100
4i14M 18 30 12 34959 6925 225 71 87
415M 18 32 12 4UUU bY3y 2248 86 102
41bM 18 29 12 3958 B52% 223 g o
418M 18 30 12 3959 b925 228 91
419M 18 32 12 4UW0 b3y M A | 126
425M 18 32 1 4UJU B934 257 19 92
4260 M 18 L 1 4uUUU bY34 2517 63 )
435M 18 > 1253958 6928 HYUR b 1 117
4424 18 29 1 34958 6928 260 71
443M 18 32 12 4uW0 ©934 44Ul b3U7 236 19 92
447M 13 29 11 3958 6928 199 95 - Rl
451M 18 30 2 3999 6925 4301 69W8s 285 13 74

452ZM 18 30 2 3959 6925 (uUUuir LBIAS 285 13 81
458M 18 29 6 3958 6928 44U bY2S 41 2 188
459M 18 32 b qUUU BbY3y 4UUuU bYZb 9 6 312
460M 18 30 6 3959 6925 4000 6925 40 81
4o 4 M 18 30 4 3959 BI9ZS VEAT 348 12 S0
474M 18 32 4 4uul Y934 VEAT 539 bl S0
475M 18 30 - 3959 -  b925 VEAI 340 b7 81
484M 18 32 S 4UWU BY3Y4y 4J4UUT bY3b 364 7 92 106
488M 18 32 5 H4UuUU B934 H4UUZ bYu7v 365 22 80 97
492M 18 29 5 3958 6928 VEAT 368 81 97
5035M 18 29 5 34958 6928 4US> bIsT 374 92 120 138
514M 18 32 5 4W0 6934 3956 64935 383 4 67 [0
517TM 18 29 b 3958 6928 4UUS bY45S 397 i4 68 92
519M 18 29 6 3958 6928 3BT BIZS 597 2 90
523M 18 29 S 3958 5928 394 80 95
526M 18 32 6 4UU0 B934 HYLUR 402 94 94
531M 18 32 6 4UUU b9Y934 400 80 95
536M 18 29 S 3958 6928 330 191 19
S541M 18 29 = 3958 5928 4U0Ub b6bY20b L & 8 85 100
S42M 18 30 5 3959 1925 4U0UbB bY26 370 7 84 98
555M 18 32 b 4UWU0 1934 40Uy bYOS 422 23 92 1198
S571M 18 32 b 4UUC bY34 VEAT 4U9 91 113
582M 18 30 Y 399 6925 HOUY 6BYDS6 512 17 b7
583M 18 32 9 4uUU0 b934 4817 70
605M 18 29 8 3958 6928 4U04 7049 46 3 62 86
613M 18 29 3 3958 6928 4004 6928 319 6 106
bl7M 18 30 9 . 39549 6925 507 108 118
619M 18 32 10 4WO0 69834 4021 6415 528 25 6. 1LAE
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CcsS

18
18
18
18

18
18
18
18
18
18
18
18
18
18

0S

30
32
32
29
29
29
29
32
32
29
37
30
32
30

MO

10
10
10

-
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Appendix Table 18 Cont.

RLAT

3958
3859
4uuo
4Uuu
33958
3958
3958
3958
quuo
4uug
3u58
4uuo
3459
4uwu
5959

RLON

6928
6925
6934
6934
6928
6926
6928
6928
6934
6934
6928
6934
6925
6334
6925

CLAT

HYDR
HYDR
HYDR

4410

4uU05
4125
HYUR
HYDR

VEAT
HYUR
4U44
HYUR

79

CLON

6823

63935
71056

6810

DATL

219
518
517
512
620
656
620
i61
840
920

48

40
103
927

MIL CL2

65
92
83
83
50 bb
36

110 82
3

68

95

146

73

75 69
105

cL2

85
110
115
121

96

102
131

104
118

EC



RET

137F
146F
152F
162F
184F
191F
212F
219F
225F
255F
273F
274F
282F
294F
298F
299F
301F
302F
320F
321F
332F
334F
372F
386F
423F
424F
46 7F
490F
505F
S07F
510F
524F
527F
528F
534F
543F
545F
554F
586F
bUZF
61UF
614F
626F
638F
640F
641F
643F
654F
655F
668F

CsS

19
19
2
19
1.9
19
19
19
19
19
19
13
13
19
13
19
19
19
19
19
19
13
19
19
13
19
19
19
19
15
19
19
19
19
19
19
19
19
13
19
13
19
19
13
19
19
19
19
19
19

0sS

31
31
31
31
31
31
31
Sk
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31

31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31

= 4
o

[y
WNO LD OO OO VUM UNERREREREUOOUUUOUSNSNSNSNOEN~N~NC00COOTO0Ww

RLAT

4UU 4
4UU4
4 00 4
4004
400 4
4 U0 4
4004
4004
4uuy
4 U0 Y4
4 LY
40U 4
40U 4
4004
4 Ul 4
4004
4 UU 4
4004
4U04
40Uy
4004
4004
GUUY
4 U0 4
4004
40U Y
4004
4 U0 4
4 U0 4
400 4
4004
4004
4004
4004
40U4
4004
4 U0 4
40U 4
4004
4004
4004
4004
40U4
4004
4004
4004
4u04
4004
4U04
400 4

Appendix Table 19

RLON

6917
6917
69117
6917
5311
63917
6917
6917
6917
6917
63917
6911
b3917
6917
6917
6917
6917
6917
6917
6917
6917
6917
6917
6917
6917
5917
6917
6917
6917
6917
6917
6917
6917
6917
6917
6917
69117
6917
6917
6917
6917
6917
6917
6917
6917
6917
6917
6917
6917
6917

CLAT

3957
4012
3958
VEAT
400b
4009

40U 0

4U46
3958
3958
4007
4117
40U3
400 3
4003
4003
4010
4010
4014
4U49

4020

VEAT
4Uu2
4009
4010
4uls
HYDR
HYUR
HYDR

4013
39517
40U9
4U40
40U8
4048
Guu4
HYDR
4034
40017
4007

4034

3954

CLON

6919
63907
6930

6935
6933

922

b33U
6923
6923
b39U 5
7149
6908
b3uU 8
63908
b39uU 8
bYuS
bY9US
b9l s
6937

6934

63907
b9U 4
6845
6831

7003
6929
6905
6939
6906
6812
6928

6933
63939
6339
7003

6932

DATL

15
24
29
30
40
43
S
5%
56
/70
58
59
100
107
78
78
78
78
156
156
139
137
195
210

347
363
376
379
377
390
400
400
398
401
410
420
504
393
44 3
315
515
563
576
576
607
41
658
639

MI1L

bl

13

15
14

45

12
25
36

37
12

41
bb
33
18
18

47

14

cL1

96
77
94
85
87
90
78
76
80
115
82
88
87
- b
67
TeS
75
87
79
25
68
95
68
68
88
85
94
70
86
60
94
80
e
69
68
104
85
84
86
68
97
Tx
71
70
63
87
76
T
84
98

cLz

96
77

85
87

18
76
80
115
82

92

35
83
82
39
98
94
93
101
80

98
83
82
104
100
93
9%

13
86

a5
98

97
131Z

™
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RET

b 7.1 F
s TSIF
ILTF
129F
I5T7F
i91F
i92F

118M
119M
120M
121M
L141M
L42M
lo8M
188M
L90M
194 M
Z15M
4B M
Z30M
SLTM
531M
S44 M
iSbM
i63M
ioS5M
jobM
S70M
84 M
J85M
103 M
141 M
f44M
$80M

i82M.

$89M
{91 M
i96mM
SU1M
12mM
Y30M
Y32M
'61M
ST0OM
STyM
ST71M

Cs

19
19
19
19
19
19
19

13
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
13
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19

0S

31
31
31
31
31
31
31

S
5
31
31
a1
31
>
31
31
31
31
31
31
31
31
31
31
31
a1
31
31
31
31
31
31
31
S
ST
31
31
31
31
31
31
31
31
31
3
31
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Appendix Table 19 Cont.

RLAT

400 4
50U Y4
40U 4
4004
4004
4004
4 U4

4004
4UuU Y
4 U0 4
4UU4
4 UU 4
40U 4
40U 4
40U 4
4 U0 4
4004
400 4
400 4
400 4
400 4
40U 4
40U 4
4 U0 4
40U 4
40U 4
4 U0 4
4uuy
4UU4
400 4
4 U0 Y4
400 4
400 4
4 U0 4
4004
400 4
4004
4004
4004
400 4
4004
400 4
400 4
4U04
4004
4 UG 4

RLON

6917
6917
6917
63917
6917
6917
6917

6917
6317
6917
6917
6917
6917
6917
6917
6917
6917
6917
6917
6917
6917
69117
6917
63917
6917
6917
6917
6917
6917
6917
6917
6917
6917
63917
6917/
6917
63917
6917
6917
6911
6917
6917
6917
6917
69117
6917

CLAT

4010
39506
HYUR
HYDR
HYDR
HYDR
HYDR

VEAT
VEAT
VEAT
VEAT

VEAT

4009
40U 7
4000
4049
40U 4
4133
4014

HYDR
4020

4020
4020
40U9
quusS
40UU
4u29
33954
quUuZ
VEAT
4009
4006
33950

4U43
3954
3957
4117

81

CLON

b832
6921

b93 3
6939
64918
6946
7009
6722
69135

bY941

6934
6934
6904
6308
6937
6711
926
bYu 7

69U 3
b83 9
6935

6929
7147
7002
6849

DATL

136
144
251
167
842

16
17
lb
16

29

16

43

42

51

67

83

86
139
154
lo4
195
1993
195
195
210
210
220
270
255
335
364
363
b4
372
373
381
398
398
426
425
394
522

MIL

14
17

51
40

125

11

26

22
22
10

16
98
11

11
28
16

47

115

35
78

CL1

60
96
72
60
90
57
86

85
86
12
76
96
109
80
95
76
88
76
93
78
147
81
78
85
90
115
103
13
107
78
69
78
115
14
15
81
87
113
109
15
119
80
89
98
83
86

cL2

S0
1]
93

g2

36
109

88

99

133
125
89
125
96
84
91

89

97
106
128

113
127

96
106
118

125

EC

14
11
14
14
14
14
1&



RET

598M
b6U1M
b24 M
b42M
677HM
115M
156M
884 M

Ccs

19
19
13
19
13
19
19
19

0s

31
31
31
5
31
31
S1
30

MO

s O0CFFOC

Appendix Table 19 Cont.

RLAT

4 UU 4
400 4
4 00 4
40Uy
4UUY
4004
4 UU 4
$4959Y

RLON

6917
6917
6917
6917
6917
bS17
6917
6925

CLAT

HYDR
VEAT
HYUR

HYUR

HYDR
HYDR

82

CLOUN

WELK

DATL

401
515
607
407
710
84 2

MiL Tl TGES

76
S 88
g5  11¥
56
13
67 101
63 99
81



eT

+8F
131F
1>9F
| Ll
T12F
48F
1JTF
1J9F
28F
139F
4 F
4 TF
S2F
59F
716 F
1 71F
Fle
06 F
14 F
ILSF
38 F
S F
o I i 2
1leF
T18F
I T9F
LAF
'ATF
W3S F

38M
HYM
H0M
JJUM
02M
O6M
1UM
27M
29M
185 M
S1M
79M
68M
125M
I9TM

CsS

20
20

20
20

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

20
20

20
20
20
20
20
20
20
20
20
20
20
20

0sS

34
33
34
33
34
33
35
34
35
34
33
34
34
35
34
34
35
33
34
33
33
34
33
33
33
34

33
33

33
34
33
35
53
33
34
34
33
35
34
33
34
34
33
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o
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Appendix Table 20

RLAT

4101
4057
4101
4057
4101
4057
4101
8101
4101
4101
4057
4101
4iult
4101
41Ul
4101
4101
4057
4101
4057
4057
4101
4us7
4us7
4057
4101
41u1
4057
4 U517

4Uus7
41U1
4057
4i01
qus7
47
41u1
4101
4us7
4101
4101
4us7
41u1
4101
40517

RLON

6639
6635
6639
6635
6639
6635
6629
6639
bb2Y
6b3Y
6635
6639
bb3Y
6629
bb39
bb39
bbZY
6635
6639
6635
6635
bb3Y
bb35
bb35
6635
6639
bb3Y
bb35
6635

bb35
6639
6635
6629
6635
6635
bb3Y
6639
6635
6623
6639
6635
6b339
6639
6635

CLAT

4113
4042

4107
4059
4045
4103
41035
4053
41035
41zu
4119
4129
414U
4139
4139

4140
4153
4133
415U
CORS

4U58
4121
4131
39538
4U35

4113
4113
4132
410U
4103
41G3
4053
4uU53
4140
4109
quU29
4135

4119

CLON

bbl5
6bb56

6626
6629
bb49
bbbl 5
bb25
bbs 9
bbbl b5
bbb s
bb3s 8
6701
6luz
57UD
b7U0

6718
6722
6722
67U9

683U
b7U8
6701
b39Z26b
bbb5

bbl5
bblb5
6649
628
bbZ5
bb25
bb3 Y
6639
6705
iUt
6711
bbbZ

bblb

DATL

22
2
2D
34
52
42
46
4%
50
48
bU
b2
bb
/10
79
79
79
100
81
82
138
350
568
348
519
517
436
761
995

12
23
23
43
44
48
48
51
52
94

157
329
429
773

1075

MIL

22
22

11

16

11
i0
27
18
32
47
41
41

45
50
42

87
34
34
143
27

22
22
35

CL1

159
121
123
146
119
115
128
129
153
133
111
150
129
145
1359
157
123
161
17
182
112
147
112
162
128
188
158
136
135

163
134
139
177
195
1T
141
125
136
176
156
148
146
109
153

159
121

146
119
115
128

153

i1l
130
129

139
157
123
16l

147
112

147

163
134
139
177
1385

125
136
176

148
170

EC

31
31
14
11
55
31
55
55
11
11
11
55
11
14
11
11
11
11
31
31
14
11
14
14
11
11
14
34
14



RET

185F
186F
262F
399
463F
502F
592¢

187M
203M
204 M
205M
23UM
231¥M
352M
493 M
581M
593M
S94M
S595M
b3UM
7145M
851M
861M

Cs

Z1
21
21
&1
21
21
Z1

21
21
21
21
21
21
21
21
21
21
i |
21
21
21
21
2l

0sS

36
36
36
36
36
36
36

36
36
36

36

36
36
36
36
36
36

36

MO

CERERNOO

-
CwooOoOo oo o

10
10
11
L2

RLAT

4uU32
4us2
4usz
4usZ
4us2
4U32
U3z

quUsZ
4uUs2
husz
4us2
4 Uus s
4us <
qusz
4032
4us2
4Uus 2
4uUs2
quUs2
4uU32
40352
GUsZ
4Us52

Appendix Table 21

RLON

6748
6748
6748
6748
6748
6748
6748

b748
6748
6748
b4y
6748
6748
6748
6748
6748
6748
674b
6748
b748
6748
6748
6748

CLAT

4042
4010
41317
4020
4028
4035
HYDR

40351
4U31
4usit
4UZ26b
4uUlb
4110
4032

HYDR
HYDR
HYDR
HYDR
4uUss
4055
OCEA

CLOUN

6657
6850
bbb 4
6934
6710
6137
WELK

6744
bT744
6744
6733
6733
b90 L
b7US5

WELK
WELK
WELK

b742
681U

DATL

44
167
308
337

16
16
16
22
22
117
299
478

482
859
885
917

MIL

450
53
76
82
29

12
12
b7
32

cL1

132
103
120
122
170

S92
106

103
157
101

98
112
114
117
126
171
117

23
122
122
189
133
105

cL2

132
103
120
128
170
106

103

112
114

183

143

160
125

PP S P S ——




RET

177F
178F
189F
208F
236F
237F
238F
Zh1F
2b6UF
280F
284 F
28TF
Z88F
283F
307F
308F
309F
31bF
336F
337F
339F
432F
575F
597F
bOUF
o06F
T1TUF
187F

422M
242M
¢43M
24 8M
258M
261M
278M
303M
305M
S1UM
341M
342M
354 M
378M
652M
122M
147M
898M

Cs

22
22
22
22
22
22
22
227
22
22
22
22
22
22
22
22
22
22
22
22
22
22

22
22
22
27
22

22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22

0sS

38
37
37
37
38
37
37
37
ST
37
38
37
37
37
37

37
37
37
37
37
38
37
37
38
38
38
37

38
37
37
37
38
37
38
37
38
37
38
38
37
37
37
38
38

MO
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=
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Appendix Table 22

RLAT

4117
4108
4108
4108
4117
41u8
4108
4108
4108
41us
4117
4ius
4ius
41u8
4108
4108
4108
41U8
41u8
4108
41us8
4117
41U8
41u8
4117
4117
4117
41us8

4117
41us
4108
4108
4117
4108
4117
41u8
4117
41U8
4117
4117
4108
41038
41u8
4117
4117
4108

RLON

6633
6638
6638
6638
6633
bb38
bb38
bb3s
bb3s
bb3s8
6633
bb38
bb38
bb38
bb38
bb38
6638
bb3s
6b38
bb38
bb3b
6633
bb38
bb38
6633
bb33
6633
6638

bb33
6638
6b3s8
6638
bb3 3
6638
6633
6b38
6633
6638
6633
bb33
6638
6638
bb38
6633
6633
6638

CLAT

4117
4117
4107
4103
4141
4u24
4131
4136
4140

4142
4140
4159
4140
4133
41335
4153
4153
4129
4129
41i35b

4152
HYDR
41358

4115

41354
4139
LEIUGe
4141
4140
4138
4139
4011

4144
4180
4140
4112
411U
4048

4025
4105

85

CLON

6639
bb39
bb3b
bb25
670 4
6817
bbb4
bbb 3
6702

6659
b7UbS
6700
b7u4
bl3¢2
bl132
673«
bi122
6727
6727
67235

6956
WELK
bbb1

6850

6651
6659
6704
67U9
b7uZ
670U
6700
b9l 2

6654
6702
6702
6716
6722

bb4 4
6958
6625

DATL

13
20
240
211
32
38
22
60
919
59
60
12
12
12
48
89
89
86
218
431

427
451
750

23
25
28
31
317
41
45
716
62
67
89
89
126
167
137
865
1034

MIL

10
33
87
32
32
37

32
38
38
38
48
48
48
41
42
42
44

155

25

103

22
35
40
41
32
35
30
123

38
32
32
29
33

29
164
11

cL1

177
136
le4
102
141
148
157
138
117
132
134
144
122
157
114
127
101
126
124
142
133
164
22
133
151
150
12
172

170
128
139
130
143
157
166
154
148
170
132
156

95
162
1395
148
154
121

CLZ2

177
136

JLLTL
149
157
138

134
144
122
1 51
114
127
i01

137
142
133
ie4

162

140

170
159
139
130
143
157
166
154
148
170

95

186

163

168

EC

11
55
11
1)
11
55
11
55
54
14
31
31
11
31
31
31
11
31
32
11
11
31
51
14
51
54
14
14.



RET

SeS5F
SolF
57bF
S84+
b4bF
bbUF
b1t
bblfF
bb2F
b7UF
ol2F
b75F
128F
1371F
139k
771F
175F
188F
B84 <sF
848F

S55UM
55bM
551M
56ZM
So4 M
b539 M
bb5M
bbb M
736M
i6iM
ToSHM
174 M
78S M
197 Mm

CS

23
23
23
3
23
23
23
23
23
23
23
23
3
23
23
23
Z3
23
2
&5

Z3
23
23
23
23
23
23
23
23
23
25
ZS
23
23

0sS

50
48
48
48
48
48
48
48
50
48
50
48
48
48
48
48
50
S0
48
50

48
48
48
48
50
48
48
48
48
48
48
48
48
48

MO

~wooE~woOfFfUOLLUEKFPEFULEOO

-
wNeaswwNEFEFN~NO OO ol o

-

RLAT

4uls
4ulbd
4U15
4ulS
4ulbd
4uld
4ulbS
4ul s
4uls
4uld
4ulb
4ulb
4uld
4ul>d
4ulb
4uls
4uls
4ulsy
4ulb
4ul s

4ULS
4ulbd
4ul>S
4uls
4ulLs
4ul5
4ulb
4ulbd
qulbd
4ul>s
4uls
4ulbS
4ulb
4uLS

Appendix Table 23

RLON

6823
68217
6821
68217
827
68217
827
b8l
68235
b8s 7
323
b8217
6827
b827
6821
6821
b8Z 5
b823
6821
6823

6821
6827
6821
6821
6823
68217
6821
6821
68217
6821
68217
6827
6827
68217

CLAT

4022
4022
4U5U
4053
401U
4Uuu
4UU 7
4UlS
4uls
U
GuUllL

4Ul1l
4U4 U
40206
4iUb
4uU40

VEAT
U35

402U
402U
4uluU
4U35
4055

4UU b
4UUb
4uU4U
41JduU
4115
HYDR

4135

CLUN

b8zl
b8Z1
69117
bb4 Ll
b8l 3
bauy
6904
b8U9Y9
bbBUY
bl s
bsls

13133
b8lU
681U
b8y4 7
b¥lU

HYUK
b8Z5S

b8Z5
6818
b8l8
7uus
70uY

b84 Y
bd4 Y
b8lU
b92¢
685U

bb4 b

UATL

48

84
PAVES
198
198
Zbb
Zbb
351
326
311
S48
K
408
Sb1l
376

511
5Ub

16
15
241
Z8b
P
LY ¥ §
389
S
404

4UY

MiL

52
39

29
29
i5
12
37

126
28
17
54
24

16

cCxexo

g

18
18
28
62
&0

112

cLl

97
118
122

85
1le
p & o |
110

88
102

90

96

9u
116
110
1ED

88
101
103
124
103

1352
115
95
8b
117
143
114
110
104
135
88
90
90
104

cL2

97
118
122

97
127

101
112
103

96
104
116

102

140

13Z

117

13%
128

i58
102
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RET

S49F
LH8F
fe9F
41-180 4
631F
t36F
I"LYF
127F
Te5F
T76F
T718F
E83F
936
94 7F

Sob M
b35M
b37TM
b48M
bS3M
T46M
175M
177TH

tET

IL8F
135F
I91F
198F
3ZTF
I28F

T34 M
T92M
120M
321hm

Cs

24
24
24
24
24
24
24
24
24
24
24
24
24
24

24
24
24
24
24
24
24
24

CsS

25
25
25
25
25
25

25
25
25
Z5

0s

49
Sit
51
49
49
51
51
51
51
51
51
Sk
51
51

51
49
49
51
49
49
51
51

0sS

57
58
58
58
57
57

58
58
57
57

MO

- e

[
N NNFUOCROWE -~

MO

oo o N

oo ke~

RLAT

4U24
4027
4u21
4024
4024
4021
4uL7
40217
quzi
402t
4uz1
4yuci
4usi
4027

4ot
4uz4
4 0Z4
4021
4UZY4
4 Uz Yy
4027
4uzi

Appendix Table 24

RLON

6825
6815
6815
6825
bb25
6815
6815
6815
6815
6815
b¥lb
6815
6815
6815

6815
6825
6825
b8lb
6825
6825
6815
6815

CLAT

4020
4u2u
3954

HYDR
qu29
4Uly
4uUlb
HYUR
qu4u
HYUR
4ulv

402¢
4u29Y
4u29
4ul?
40Ulb
40u33
HYDR
404U

CLON

6825
6818
bY94 b

6820
b8Z4
b8UY

6810

68335

682U
b8Z2U
b8s2uU
7113
b8U9
E742

b8lu

Appendix Table 25

RLAT

4ud2
34958
3958
3958
4ui2
4002

34958
3958
4002
4ui2

RLON

7115
7110
7110
7110
7115
7115

7110
7110
710 LSS
7115

CLAT

3959
3958
4ulu
4u07
4012
4g12

3958
4uus
40Uz
4uUUS

87

CLON

7118
7110
7107
7000
7040
71040

7110
7056
7119
7118

DATL

16
100
104
149
361
343
498
38 3
378
512
166
181

152
152
207
220
481
383
383

DATL

38
168
2093
163
412
412

184
210
530
524

MIL

14

18

136
16
34

14

MIL

12
54
29
29

CL1

103
102
116
116
81
110
110
90
73
97
85
98
157
145

98
115
107
136

99

95
107
123

cL1

82
109
108
113

16

75

90
107
104

83

cL2

103

116
83
123
110
103
13

163

938
129
107
136
115

cL2

108

90
92

125

EC

55
14
14
54
11
31
14
14
44
54
44
15F
14
54

EC

14
11
44
31
14
14



Appendix Table 26

RET CsS ©O0s MO RLAT RLON CLAT CLON DATL MIL CL1 CLZ2

674M 26 59 5. 39l f2au 112 183 103

Appendix Table 27

RET Cs O0S MO RLAT RLON CLAT CLON DATL MIL CL1 CL2

I40F 27 b2 3 3756 7356 3835 744U 221 52 125
S14F Z2¥ 60 6 3754 7402 3744 7409 494 12 124
915F 27 &0 7 3154 7802 3813 7348 526 z2 | 14X
916F 27 &0 T 3154 7802 3813 17348 526 22 129
9171F &l bl 9 3i55 7358 3900 7434 230 s 98
935F 27 60 4 3754 7402 3800 7355 448 3 150
88UM 27 60 1 3754 74802 3813 7357 329 200 121
911M 27 60 7 3754 7402 3813 17348 526 22 12
912M. 271 &2 7 3756 171356 37152 1T40¢ 516 8 97
913M 27 &0 7 3754 7402 3813 17348 536 22\ 130
354M 27 b2 10 3756 7356 |, 380dEn 7355 620 §  10%

Appendix Table 28

RET CsS oS MO RLAT RLON CLAT CLON DATL MIL CL1 cLZ2

90bF 28 b4 & 3910 7239 392 i282 479 g2
bb3M 28 b4 3 3990 7289 39WE 71243 36 7 161 161
bb4M 28 b4 3 3910 72339 396 7243 36 7 146 146

88

g e e



ReT

82F
Y34 F
'35F
)36 F
3 T1F
y39F
y9UF
V9L F
| 35k
)38 F
99 F
101F
102F
103 F
U5 F
11 U0F
112F
121F
138F
43 F
1950F
151F
15Z2F
1593F
195F
IoUF
lodF
-3¢
24 F
I79F
[8UF
| St
[32F
[33F
'30F
[93F
|94 F
195 F
196 F
i0SF
0 TF
U8 F
09 F
i1 0F
L1F
i13F
1Yy F
ILSF
iLbF
L 7F

CsS

29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
Z9
29
29
29
29
29
29
29
29
29
29
29
29
29
29
Zz9
29
29
29
29
29
29
29
23
29
29
29
29
29
29
29
29

0s

bb
b6
65
b6
65
b6
65
65
65
bb
<19
65
bb
65
65
65
b6
65
65
65
65
65
65
65
65
66
65
65
65
65
65
65
65
65
65
65
66
65
65
65
65
65
66
bb
65
65
65
65
bS5
65

X
o

OO O~N~N~0O0OO0OO0OC OO0 OO OO OO0 OO

e T S
FRESNRERPOO

[
LEEULWUEUULLELE OWWWWooooonomoe

RLAT

4Ud2
4002
3958
4002
31958
4 u02
3958
34958
3958
4 U0 2
4uu2
3958
402
3958
34958
34958
4002
3958
395 8
3958
3858
3958
34958
34958
3958
quu2
34958
3958
3958
3458
3858
3958
3958
34958
3958
3358
4uu2
3958
3958
3958
3958
3958
quu2
4 UU2
3958
3958
3958
3958
3958
3958

Appendix Table 29

RLON

6932
6932
6926
6932
6926
6932
6926
6926
63926
6932
6932
69206
6932
6926
6926
6926
63932
6926
6926
6326
6926
69206
6926
69206
926
6932
69206
6326
6926
6926
63926
6926
6926
6926
6926
6926
6832
6926
6926
6926
6926
638206
63932
6932
6926
6926
6926
6926
6926
69206

CLAT

4002
4002
3958
4Q0ue
3858
4Uu2
34958
3958
3958
4002
40U«
400u
4u0u
400u
400U
400U
4u00
4Uu4s
4uU48

HYDR
HYDR
HYLUR
HYUR
HYUR
HYUR
HYUR
HYDR
HYUR
4U3sS

HYOR
HYOR

VEAT
VEAT
VEAT
VEAT

VEAT
VEAT
VEAT
VEAT
VEAT
VEAT
VEAT
VEAT
VEAT
VEAT

89

CLON

by9s2
6932
6926
bY32
b3926
6932
6926
63926
b326
by32
932
6923
692 3
Y23
692 3
69235
6932
6924
6924

6910

HYDR
HYDR
HYDR
HYDR
HYOR
HYDR
HYDR
HYDR
HYUR
HYDR

DATL

28
28
350
28
30
28
30
30
30
28
31
44
42
44
44
44
42
49
53
80
108
108
108
108
108
152
154
178
178
79
185
186
184
184
96
87
85
87
87
130
130
130
128
128
130
130
130
130
130
i30

MIL

TO~NUWWWNW

W O,

39

CL1

716
95
100
87
81
76
73
18
6b
I/ 7
76
80
103
76
71
74
76
108
102
92
117
12
72
84
68
78
16
104
17
81
75
74
101
116
93
105
70
114
15 T ¢
75
99
12
85
75
104
72
102
105
76
72

ClL2

95
100
87

95

108

117
12
86

105
82
78
9Z

115
S0
91
S0
87

116

130
93

105
85

114

117
88

114
85

100
90

116
88

115

122
93
87

£C

ik
33
33
33
14
14
14
14
11
14
14
14
34
14
11
14
14
33
33
14
34
14
14
34
14
14
14
34
14
14
14
14
14
14
14
14
14
14
31
11
31
11
31
14
31
14
31
31
2l
14




Appendix Table 29 Cont.

RET CS 0O0S MO RLAT RLON CLAT CLON UATL MIL CL1 CLZ2

818F 29 65 9 3958 b692b VEAT HYUR 1350 717 95
82uF 239 b5 9 34958 692 VEAT HYUKR 150 71 86
g21F 29 ba 9 3958 bY4b VEAT HYUK 130 70 85
82ZF 29 &5 9 34958 6Y92b VLAT HYUK 130 73 87
826F 29 b5 11 3958, 6926 "HYIIK 196 81 95
827F 29 b5 11 3958 63926 HYLUR i96b 106 115
829F 29 &5 11 34958 63926 VEA] 181 96

83UfF 29 . bS 11 34958 &U26 " VEAT 181 s

832F 28 .65 11 34958 05926 YEAT  HYDK 188 12 88
833F 29 165 11 3958 6926 VAT HYUK 188 - 90
835k " 23 &b 11 3958 b926 VEAT HYDUKR 188 F & 91
837F 29 ©bb 11 402 6932, YVEAT HYDE i18b 817 98
838F 29 ©bb 11 4UuZ bB332 VEAT HYUKR 186 10¥ 116
839F 23 ‘65 11 3958 ©6Y2b VEAT HYUKR 188 T4 87
84Uuf 29 65 11 3958 6926 VEAT HYUK 188 99 109
841F 29 65 11 3958 6926 VEAT HYOK 188 11F 125
s44F 29 b5 11 3958 6926 VEAT HYUR 188 71 86
B45F «9 ©bb 11 40u2 6932 VEAT HYUR 186 94 107
846F 29 b5 11 3958 6926 VEAT HYUR 188 99 1AL
8417F 29 &5 11 3958 6926 VEAT HYDR 188 95 108
8SUF 29 b5 11 3958 69Z4a S@Z25  bEHS 178 35 87 104
853F 29 65 10 33958 6926 0CEA i73 93 104
855F 29 65 11 34958  b926 HYDR 204 87 100
858F 29 bS5 11 34958 B92b OCEAN 200 78 90
859F 23 &5 12 3958 6926 HYDR Z1k1 102 115
862F " 290 165 12 33548 6926 OCEA £11 91 1685
86k, 29 65 12 3958 6926 4005 ©Y25 213 i 9%

871F 29 65 12 34958 6926 4UUS b9Y925 ZLS 7 ;o

812k, Z3 65 12 3958 6926 4U0S5 6925 L13 7 113

8I4F. 'Z29. B 12 3958 6926 223 T & J 93
876F 29 b5 12 3958 6926 VEAT HYUR 210 160 115
878F Z9° &5 12 3958 6926 VEAT HYDK 210 103 116

881lF 29 b6 11 4UZ2 6932 4uUl7’ b833 190 47 67
882F 29 65 11 3958 6926 4U17 6833 192 45 T

88bF 29 65 1 3958 6926 HYDR WELK 242 70 83
888F 29 65 1 3958 63926 HYDR MNELK 242 76 e )
8839F 29 65 1 33958 692b HYDR WELK 242 74 86
83UF 29 65 1 3958 6926 3955 5935 250 8 118 138
302F 29 o6 2 4UUZ ©6Y3Z HYDR 261 98
SU7F 29 65 6 3958 6926 3955 69355 396 & 104 118
910F 29 65 7 3958 6926 VEAT 428 80 93
919k 29055 b 3958 69206 4497 717
922 F 298 65 6 3958 6926 4U0S5 6900 416 21 92
923F 29 66 b 4UWZ 6932 4UUS 6Y0O 414 25 94
924F 29 65 6 3958 6926 4U0S 690U 416 21 35
92bF 29 65 6 3958 6926 4UlZ2 7040 414 58 81 - 7§
g239F 295 65 7 3958 6926 4005 7020 428 42 78 90
S30F  29. 65 7 3958 6926 4UUS byss 438 16 75 89
931F 29 65 7 3958 6926 40US5 6945 432 16 78 108
3¢1F 29 bS5 10 3958 6926 HYDR 532 T2 108

90




RET

CS

29
29
29
239
29

29

29
29
29
29
29
29
Z9
29
29
29
29
29
29
29
Z9
29
29
29
29
29
29
29
23
29
29
29
29
29
29
29
29
29
Z9
29
£9
29
29
29
29
29

0sS

b5
65
bb
65
b5

b6
65
65
bb
65
65
b5
65
65
65
65
b5
65
b6
65
65
b5
b5
65
65
65
65
65
65
65
b5
65
66
65
65
b5
65
65
65
65
bb
65
65
b5
65
65

MO

WO~~~

LuwwuwUE~~oxoocooCcoOooOOOOCToO OO O

RLAT

4quul
4uul
4uu2
Guul
4uul

4ul2

3958
3958
4U02
395 8
3358
3958
3958
34958
3195 8
3958
3958
3958
40U«
3958
3958
3958
395%
3958
3958
34958
33958
3958
3958
34958
3958
3958
4 uu2
3958
3958
3458
3958
3958
3958
3958
4Uu2
3958
3958
3958
34958
3958

Appendix Table 29 Cont.

RLON

693U
693U
6932
b93U
6930

6932
6926
6926
6832
6926
63926
6326
6926
6926
6926
6926
6926
6926
6932
6926
6926
6926
6926
6926
6926
6926
6926
6926
6926
6926
63926
6926
6932
6926
6926
6926
6926
6926
69206
6926
6932
6926
6926
6926
6926
6926

CLAT

HYDR
HYUR
HYDR
HYDR
4005

40U
3958
3958
4 0u 2
3958
3958
3958
4U00
4 U0 U
4U0U
4 U0u
4ugu
4uio
4uou
HYDR
4125
HYUR
VEAT
VEAT
VEAT
VEAT
VEAT
VEAT

VEAT
VEAT
VEAT
HYUR
HYUR
4005
4uu>s
4005
4005
4005
4U05
VEAT
HYOR
3955
HYUR
3958
4u2b

91

CLOUN

b39u s

bYs 2
6926
bY2b
b932
b3260b
63926
6926
692 3
6923
6923
692 3
bYZ 3
b923
6923

71U56

HYDR
HYDR
HYDK
HYDR
HYDR

HYUR
HYDR
HYD K

b3925
b92b
6325
bY2b
6925
b925
HYDR
WELK
1135

6350
6955

DATL

420
429
421
419
492

28
30
30
28
30
30
3u
44
44
44
44
44
44
42
108
108
81
130
130
130
i3c
130
181
188
188
188
188
202
186
213
213
213
213
213
213
208
242
221

354
3u8

MIL

18

N hwww W W

315 67

NSNS~

1202

18
35

CL1

110
693
101
117
63

74
72
717
77
80
79
79
80
72
78
78
69
74
79
74
76
72
80
17
80
75
77
78
70
78
81
80
73
74
66
81
68
70
74
72
70
78
81
72
83
77

cL2

90
91

98
95
95
94
94

85
S5
98
96
83

86
g1

101
94

eC

34
1%
34
34
14
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