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Preface

In the 39 month period from 1 November 1978 through 28 January 1982,
the Cetacean and Turtle Assessment Program surveyed over a quarter of
a million miles of trackline and made over 11,000 sightings of marine
mammals and 2,800 sightings of marine turtles. The goal of these
studies was to characterize marine mammals and turtlés in the Mid- and
North Atlantic regioms of the U.S. Outer Continental Shelf. These
results are intended for use in decision-making relative to oil and
gas exploration and developmenﬁ in these regions. This CETAP Final
Report presents the cumulative and summarized results from this

study.
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GENERAL REMARKS/PROGRAM HISTORY

The Cetacean and Turtle Assessment Program (CETAP) began at the
University of Rhode Island in June of 1978. Under contract to the
Bureau of Land Management, field studies began in November of 1978.
Annual Reports were prepared summarizing the findings of 1979 and 1980
respectively. Field studies were concluded in January of 1982. This

document is the third and final report of the program.

The program objectives were:

l. To determine which species of marine mammals and marine
turtles inhabit and/or migrate through the study area;

2. To identify, delineate, and describe areas of importance
(feeding, breeding, calving, etc.) to marine mammals and marine
turtles in the study area; ‘

3. To determine the temporal and spatial distribution of marine
mammals and marine turtles in the study area;

4. To estimate the size and extent of marine mammal and turtle
populations in the study area; )

5. To emphasize the above items (l-4) for those species
classified as threatened or endangered by the Department of Interior

and Department of Commerce.

The study area (Figure 1) was defined to be the waters overlying the
U.8. Outer Continental Shelf (0CS) between Cape Hatteras, North
Carolina, and Nova Scotia, Canada. Inner and outer boundaries were
-established: the contiguous coastline, and five nautical miles
(n.mi.) seaward of the 1000 fathom depth contour shown on U.S.
National Ocean Survey navigational chart No. 13003. The size of this
study area is approximately 81,154 square n.mi. The study area is
characterized by many submarine canyons, shoals, submarine banks,
diverse depth gradients, proximity to a major ocean current (the Gulf

Stream), numerous adjoining bays and sounds, and a large semienclosed
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body of water--the Gulf of Maine. Numerous location names used
throughout this report are illustrated on Figure 2 and described in

the glossary immediately following.
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Figure 1. The CETAP study area encompasses 81,154 n.mi.2 (278,350 kmz)
of the U.S. Quter Continental Shelf between Cape Hatteras, North
Carolina, and Nova Scotia, Canada. Additional boundaries are the
coastline and a 1ine parallel to, and five nautical miles (9.3 km)
seaward of, the surface projection of the 1000 fathom (1830 m) isobath.
No bays or sounds are included within the study area. Capjtal letters
are sampling block designators. The sampling area was stratified on the
basis of depth zones (strata x, y, and z) representing the nearshore
(0-36.6 m (20 fathoms)), shelf (> 36.3-91.4 m (50 fathoms)), and slope
(> 91.4 m) regions. The strata are illustrated in three different
shadings.
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Figure 2.

The study area showing geographical place names referred to in
the text.

A glossary of terms immediately follows this page.
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GLOSSARY OF GEOGRAPHICAL TERMS
Barnegat Inlet - the pass to Barnegat Bay, halfway between Atlantic
City and Sandy Hook, New Jersey

Bay of Fundy - body of water located between New Brunswick and Nova

Scotia, Canada

Block Island - a small island 12 miles south of Point Judith, Rhode
Island

Browns Bank -~ a bank on the continental shelf 50 miles due south of

Cape Sable, Nova Scotia
Cape Ann - the northernmost cape on the goastline of Masgachusetts
Cape Charles - the northern cape at the mouth of the Chesapeake Bay
Cape Cod - the hook-shaped peninsula of southeastern Massachusetts
Cape Elizabeth - a point of land 10 miles SSE of Portland, ME

Cape Hatteras - major cape of the eastern seaboard located at 35°
15'N, 75°30'w

Cape Hénlopen - the southern cape at the mouth of the Delaware Bay
Cape Henry - the southernm cape at the mouth of Chesapeake Bay
Cape May - the northern cape at the mouth of Delaware Bay

Cape Sable - the southern most point of Nova Scotia



Chappaquidick - an island on the east end of Martha's Vineyard, MA
Chatham - & coastal town on the SE shore of Cape Cod, MA

Corsair Canyon - a canyon in the continental shelf east of Georges

Bank; the coordinates are 37°30'N, 74°30'W

Delmarva Peninsula - the peninsula between the Chespeake and Delaware

Bays

Georges Bank - large bank on the continental shelf east of Nantucket

Shoals

Georges Basin - the basin off the northern edge of Georges Bank,

located in the Gulf of Maine, and the shoreward extension of the

Northeast Channel

Grand Manan Banks - an area of shoal water in the mouth of the Bay of

Fundy adjacent to Grand Manan Island

. Grand Manan Island - an island 7 miles from the border between Maine

and New Brunswick, Canada

Great South Channel - a deep water channel which runs from south to

north across the 0CS, midway between Nantucket Shoals and Georges

Bank

Gulf of Maime - gulf bounded by Massachusetts, New Hampshire, Maine,

and Nova Scotia



Gulf of Maine Funnel Basin - a funnel-shaped region defined by the
Nantucket Shoals and Provincetown slopes on the west and by the
western slope of Georges Bank on the east. The funnel basin
connects the waters of the Gulf of Maine to the Atlantic Ocean

through the Great South Channel

Gulf of St. Lawrence - a body of water bordered by Quebec, New

Brunswick, Nova Scotia, and Newfoundland, Canada

Hudson Canyon - a canyon in the continental shelf 100 miles SE of New

York City, New York, the coordinates are 39°30'N, 72°l4'W

Hydrographer Canyon - a canyon in the continental shelf at the
southern end of the Great South Channel; the coordinates are

40°05'N, 69°01'W
Jeffreys Ledge - a ridge in the ocean floor northeast of Cape Ann, MA

Lydonia Canyon - a canyon in the continental shelf south of Georges

Bank; the coordinates are 40°28'N, 67°41'W
Martha's Vineyard - an island 7 miles south of Cape Cod, MA

Massachusetts Bay - the body of water east of Boston, MA, between Cape

Cod and Cape Ann, excluding Cape Cod Bay

Mid-Atlantic Bight - the body of water found inshore of an imaginary

line between Cape Cod and Cape Hatteras, NC
Montauk Point - the easternmost point of Long Island, NY

Moriches Inlet - a pass in the barrier beach on the southeast portion

of Long Island, NY



Nantucket Island - an island about 25 miles south of Cape Cod, MA

Nantucket Shecals - the area of shoal water directly east and south of

Nantucket Island
Narragansett Bay - the principal bay of Rhode Island

New York Bight - the body of water found inshore of the imaginary line

between Cape May, NJ, and Montauk Point, Long Island, NY
Norfolk Canyon - a canyon in the continental shelf approximately 75
miles due east of Cape Charles, VA; the coordinates are 37°05'N,
74°40'W
Northeast Channel - a deep water channel running from west to east
approximately 80 miles southwest of Nova Scotia. It separates

Georges and Browns Banks

Platts Bank -~ a bank approximately 40 miles southeast of Cape
Elizabeth, ME

Plymouth - a coastal town about 35 miles south of Boston, MA
Provincetown - the coastal town on the northern tip of Cape Cod, MA

Provincetown slope - the area characterized by a sloping bottom east

of Cape Cod, MA
Quincy - a coastal suburb about 7 miles south of Bostom, MA

Reynolds Channel/Rockaway Inlet - a pass in the barrier beach of

southwestern Long Island, NY

10



Stellwagen Bank - a bank extending from 5 to 30 miles north of

Provincetwon, Cape Cod, MA

Wilmington Canyon - & canyon-in the continental shelf approximately
100 miles southeast of Atlantic City, NJ; the coordinates are
38°30'N, 74°30'W

11



THIS PAGE INTENTIONALLY LEFT BLANK

12



CHAPTER 1i

METHODOLOGY

Preceding page blank



14



DATA COLLECTION

The third and final year of CETAP studies took place in 1981. Much of
the methodology described in the 1979 and 1980 CETAP Annual Reports
was continued. There were, however, a number of refinements and

changes.

In 1981 there were four principal changes to the field studies program
and corresponding data collection: (1) The shipboard
platforms-of-opportunity program was discontinued at the end of 1980,
(2) the sampling within the study area was largely restricted to lease
sale areas and areas of known endangered species abundance, (3) a set
of replicate samples was taken in order to gauge the variability
present in abundance estimation based on aerial survey data, and (4)
two additiomal survey blocks were added (one in the Mid-Atlantic, and

one in the North Atlantic) over the continental slope and rise.

The resulting data collection in 1981 was from: (1) four dedicated
aerial surveys (including replicate sampling), (2) three endangered
species specific surveys, (3) an aircraft-of-opportunity program, (4)
a dedicated cruise studying respiration and dive time behavior in the
Cape Cod area, and (5) opportunistic data contributed by a number of

sources. The sections below summarize the 1981 sampling.

Ded; , {2l S

The four dedicated surveys in 198l were flown as follows:

I 20 April - 20 June 17 flight days
IT 15 July - 15 August 10 flight days
IIT 15 October - 15 December 7 flight days
IV 2 January - 31 January 1982 2 flight days

5 Preceding page blank



The blocks surveyed are shown in Figure 3. The replicate sampling
took place in the North Atlantic areas in the spring survey. All
methodology was identical to that of previous years and is described

in detail in the 1979 and 1980 CETAP Annual Reports.

P o ~of- uni P

As described, the shipboard platforms-of-opportunity program was
discontinued at the conclusion of the 1980 field studies. The
aircraft-of-opportunity portion of the program was continued, and was
conducted between February and October of 198l. As before, this
aspect of the program utilized exclusively the Coast Guard aircraft
based at Air Station Cape Cod. Methodology was identical to that of

previous years.

Opportunistic Data

Sighting data collected and reported by other researchers, pilots,
fishermen, yachtsmen, mariners, and shore-based observers continued to
be utilized in 1981. As in previous years, standard formatting and
quality control procedures took place prior to merging with the CETAP

data base,

E - 8 S o E‘. S

Three endangered species specific surveys were conducted in 1981. The

dates and days flown were:

I 8-19 May 6 flight days
II 9 July 1 flight day
III 26 August - 14 October 7 flight days

16



Figure 3. CETAP main aerial survey blocks for the 1981 sampling.

Blocks R and S were new to the study area this year, and are located
in areas of future proposed leasing activity over the continental

slope and rise region. Stippled areas are present and proposed BLM
lease sale areas.
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These flights took place in the northern Gulf of Maine and
southwestern Nova Scotia area, as well as east of Cape Cod (Figure 4).
These flights were designed primarily to obtain data contributing to a
better understanding of the northern distribution and migration of the
right (Eubalaena glacialis), the humpback (Megaptera novaeangliae) and
the fin whale (Bﬁléﬁnﬂpiﬁxa_phxﬁalgi). Data on other species was

collected in the standard manner in the course of these surveys. The

methodology was identical to previous years.

Dedj | Cruj .

A dedicated cruise aboard the R/V Tioga took place from 9-30 May 1981.
The area of operatioms included Stellwagen Bank and the Great South
Channel area, east of Cape Cod. The object of the cruise was twofold:
(1) Study behavior, respiration, and submergence time of three
endangered large whales--rigﬁt. humpback, and fin whales, and (2)
Cooperative participation in a multi-agency, NASA coordinated,
remote-sensing and ground-trutﬁing study--the Nantucket Shoals

Experiment,

Operations were coordinated with CETAP aerial surveys for the purpose
of reconnaissance and identifying locations and concentrations of

cetaceans for study.

Environmental data and chlorophyll and plankton samples were taken at
95 stations. There were 45 hours of behavioral observations recorded
on endangered species in a total of 35 different sessions. Behavioral
data collection procedures are described in detail in the 1980 CETAP

Annual Report and in Special Topic D in this report.

18
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41

Figure 4. CETAP endangered species survey blocks, 1981. Blocks E-1
and E-II were sampled by the Cessna 337 Skymaster, and Block RW was
sampled by both the Skymaster and the AT-11.
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TIME FRAME DEFINITIONS FOR DATA COLLECTION AND ANALYSIS

Over the course of the three year field studies pfogram, CETAP has
employed a number of sampling schemes and time intervals for data
collection and analysis. In this final report, all data are presented
in one of two ways: (1) Total cumulative data for all 39 months of
sampling--1 November 1978 through 28 January 1982, or (2) Seasonal.

The definitions used here follow the astronomical or calendar seasons,

and are: »
Spring March 20 through June 20
Summer Jﬁne 21 through September 21
Fall September 22 through December 20
Winter December 21 through March 19

DATA MANAGEMENT

In 1981, the data management system continued unchanged from that of
1980. Basically, the data base system uses the SAS (Statistical
Analysis System) software package, the University of Rhode Island's
NAS 7000N mainframe computer, a secondary Prime 750 computer, and a

Zeta 53 plotter.

DATA SYNTHESIS AND ANALYSIS

Distri i i d c

The basic data product for analysis of cetacean and turtle occurrence
continues to be computer-generated plots of sightings--either
cumulative or by season. Details as to bathymetric features or lease

sale boundaries are provided through use of the transparent overlays

located in the rear pocket of the report.
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The distributional data and the resulting conclusions from them are
strongly influenced by sighting effort. This factor is addressed in

both of the following subsections.

Sichting Eff

While surveys are often planned to uniformly distribute effort over a
given space and time, weather, logistical constraints, and other
factors often result in a non-uniform distribution of effort. The
sighting data have been shown to be highly correlated to the sighting
effort which produced the data (Hain et al., 1981), thereby

introducing a substantial bias.

CETAP has continued to investigate and refine the way in which effort
is taken into account. In this final report, the geographical unit
for amalysis of sighting effort is the 10' quadrat (1370 in the study
area) and the time interval is either total cumulative or seasonal.
The sighting effort per unit area is shown as a three-dimemsional plot
.of number of events per 10' quadrat. The term event denotes the
discrete instance at which a standard time/position mark is recorded
along the trackline. It is a convenient measure of sighting effort
which is highly correlated to both miles on watch or hours on watch.
It is particularly useful because of ease of computation and analysis.
The trackline mileage is also used as a sighting effort measure in
certain instances. The details of this methodology are given in the
1979 and 1980 CETAP Annual Reports.

21



Re 1 nce: Distri i C d Si
Effort

In the 1980 CETAP Annual Report and in this Final Report, raw sighting
data have been adjusted for sighting effort to produce relative
abundance values. This method provides an improved picture of the
actual species distribution over space and/or time, since the bias
introduced by varying sighting effort has been removed. The resulting
individuals-per-unit effort measure is analogous to the catch per unit

effort (CPUE) indices employed in the fisheries sciences.

As in the analysis of basic sighting effort, CETAP has investigated
and refined various methods of relative abundance analysis. Here
again, a single and best method has been chosen for this report. This
method uses three-dimensional plots of numbers of individuals divided

by number of events (the relative abundance) for each 10' quadrat.

The details on the methodology and the simplifying assumptions are
given in the 1980 CETAP Annual Report. The 3-D plots were generated
through the SYMAP and ASPEX routines maintained by the Academic
Computer Center at the University of Rhode Island and developed by the

Harvard Graduate School of Graphics Design.

P i Esti ] Apalysis

Over the course of the three year CETAP program there have been a
number of refinements in the way in which population estimates have
been calculated. These refinements were based on an evolution of
methods and aimed at increasing precision through decreasing the size
of the variance terms. In the 1979 Annual Report, the method used was
the Cox-Eberhardt non-parametric method (Eberhardt, 1978). In the -
1980 Annual Report, calculations were based on the methods of Burnham

et al, (1980). In this final report, the methods of Burnham et al.

22



(1980) were continued but with the modification of using mean pod size
X number of sightings rather than number of individuals to calculate
the density of individuals on a given trackline. The current method

of estimation is described below.

As in 1980, estimates of animal density and abundance were made using
line transect anmalytical techniques. From Burnham et al. (1980)

density estimates (ﬁt) take the form:

where L. jg the length of transect sampled, nt the number of targets
observed along the transect and £(0) the estimated probability demnsity

function evaluated at a right angle distance of 0.

As described in the 1981 analysis, B, was taken to be the number of
"pods" of cetaceans and/or turtles sighted along transect t

(t=1,2,...4n). The average pod size was estimated as the average
number of animals of a given species observed per sighting from the

pooled three-year data base. The estimated density of individuals

(DIt) sampled along a given transect was estimated as:

where g is the estimated mean pod size.
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Since transect lines were treated as replicates within a sampling
stratum or block and since the transects were of unequal length, a
weighted mean estimate was used for each stratum or block sampled.

This estimate takes the form
T N
z

i=

>
'

The variance of this estimate was taken as (from Burnham et al., 1980,

as extended by Hay, 1982).

TR RNRTORE!

The sampling variance terms for g (V(g)) and n (V(n)) were empirically
derived. The variance term for f(0) (V(f(0))) was the theoretical
variance computed from program TRANSECT (Laake et al. 1980) for the

“best fit” model estimator of %(0).

Burnham et al. (1980) have outlined the selection criteria for
choosing the “best fit” model. In this analysis, the most
parsimonious model was taken as the "best fit . That is, given a
satisfactory fit based on the Chi-square goodness-of-fit, the model
yielding the most precise estimate of f(0) was chosen. Five different
models were fit to the sighting frequency data. These included:
Fourier Series, Exponential Polynomial, Negative Expomential, Half

Normal, and Exponential Power Series.

Confidence intervals about the density (and abundance) estimates were

constructed using the standard student's-t method.
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Estimates of species abundance were made as:

where A is the entire sampling area (in this case the area of a

stratum or block).

The estimates presented for most species are comservative due to,
among other factors, animal diving behavior. The estimates presented
represent the average number of individuals at the surface, available
to be seen at any time. In order to adjust the estimates for animal
diving behavior one must consider the probability that an animal will

be .at the surface at any time.

Given that:

P(surface) = p, 0<p<l

and

P(sighting | at surface, x=0) = g'(0)=1
Then, assuming that the aircraft does not influence the diving
behavior of the species sampled,

g(0) = P(sighting | x=0) = g'(0).p=p
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From Seber (1973) and Burnham et al. (1980).

g(0)
f(0) = T s
" 69 x )dx
__9'(0)p
"
and
f(0) _ 1
p M

Also given (from Burnham et al.)

_n_
2LuW

D =

then

. _nf(0)
2L

[
wn

where S is the scale-up factor for adjusting density estimates for
diving behavior. By extension of Burnham et al. (1980) and Hay (1981)

the variance of this estimate may be taken as:

V(B = b2 Vén) . _%%féO)z . v§3) )
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Estimation of the scale-up factor may be made from several data
sources including aerial (preferred) and shipboard time-series

observations and radio-tag data.

Given a time-series observational record of surface and subsurface
bout durations, the value of S may be estimated as the first hinge
point in the log-survivorship function (log of the frequency of
intervals greater than a given time vs time). 'In the behavioral
literature (eg. Fagen and Young (1978) and Special Topic D, .

this report) the first hinge-point is used as an objective criterion
to define interbout intervals. In the case of whales, the bouts of

interest are surface and subsurface.

Analytically, the interbout interval may be defined by fitting a mixed

-~ exponential model as proposed by Fagen and Young (1978):

£(t) = qa]e“a1t 4 (1-q)a2e‘azt

for t>0. Here a; and a; are the respective negative exponential model

parameters and q the weight parameter for the mixed model.

The intersection of the two compoments is defined as the interbout

interval. That is, one must solve for time, t, when

15 = (-qlae™®e

qa]e'a

In{a/(1-q)) - In(ay/ay)
ay T

t =
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The mixed exponential model for estimating interbout intervals may not
be adequate for cases where bouts are grouped into "superbouts“ (Fagen
and Young, 1978). 1In these cases graphical techniques may yield a
more reasonable estimate of the first hinge-point in the
log-survivorship function. The data presented in Special Topic D
(this volume) suggest that superbouts may be confounding and for that

reason graphical methods were used to derive estimates of t.

Time t 1s interpreted as the time an individual (or pod) spends at (or
very mear) the surface (surface bout duration) and is available to be
seen. Observers in an aircraft are able to scan forward and view a
given patch of water for a period of time (t'); therefore, t' must be
considered when evaluating the time an animal might be sighted during
the plane's passage (e.g., in the fashion of McLaren, 1961). Assuming
a random distribution of targets with respect to the viewing field,
then the average time a water patch is visible to am observer may be

used for adjustment. This average is estimated as:

1 (90-2)>0

i = fs 0T 1_Elsm cR tan ¢/(90 - ¢)

U . [ . ) .
where t' ;g4 specific to species s and dependent upon the estimate of

£(0) for each species (£,(0)), v is the aircraft velocity, Oy the
angle to water patch i and f the angular deviation from 90°¢ of the

average viewing field.
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The probability that an animal (or pod of animals) is at (or very
near) the surface at any time during passage of the aircraft (p) may
be estimated from shipboard data, assuming that an animal (or pod) is
always visible to aircraft observers during the duration (t) of a

surface bout, defined above. An estimate of p is:

where
1, when s.+d.<t+t'

.+ . = 1 1= [}
; /(s +di) = { <1, when sitdi>t+t

where S; represents the observed duration of surface bout i and dj the
duration of subsurface bout 1i. ’

The scale-up factor (S), is then estimated as

with an empirically derived sampling variance.

Sufficient data were only available to estimate the scale-up factor

for three cetacean species. Factors were estimated for fin, humpback

and right whales.
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Regional Estimates

Due to a general lack of synopticity in the samples during any survey
period and animal movements, estimates made are strictly valid only
for the block and/or stratum sampled on the day the sample was taken.
However, reasonable estimates of regional abundance may be achieved
using weighted mean estimates.from the pooled three year sample
paréitioned by seasons and specific areas. The seasons used are
“calendar” seasons (spring, 20 March-20 June; summer, 21 June-21
September; fall, 22 September-20 December; and winter, 21 December-19
March). The defined regions of interest are shown in Figure 5. The
grouping of the sampling blocks in the defined regions are given in
‘Table 1. Average regional/seasonal densities were calculated as the
area-weighted mean of all idividual sample densities in that region
and season, while the variance term represents the weighted mean of

the individual variances. Corresponding abundance and confidence

intervals were estimated as above.

Because many of the defined regions contain only specific strata from
the sampling blocks and the 1979 data were not stratified, the
estimated averages within these regions could not include the 1979
data. It waé therefore decided to post-stratify the 1979 data into
the same depth strata used for the 1980 and 1981 sampling. The 1979
aerial survey lines were plotted and each event assigned to the
appropriate stratum. New events were then interpolated to mark the
~change of strata along each track lime. Sampling blocks C and D were
subdivided into 1980/1981 blocks N, O, P, and Q to accomodate the
region definition scheme. This was not necessary for blocks A and B
(1980/1981 blocks J, K, L, and M). The population estimates were
recalculated after merging the data set containing the new 1979
blocks, strata and boundary events with the main data base. The

resultant block/stratum estimates were used to calculate the averages
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Table 1.

stocké.

Region

4]1980-81 Sampling Blocks

21978-79 Sampling Blocks

Region definitions for estimates of cetacean and turtle

Gulf of Maine

Georges Bank
<50 fathoms
>50 fathoms
Lease Sale 52

Mid-Atlantic
New York Bight
near-shore
mid-shelf

Shelf Edge

Continental Slope

Study Area 0CS

Je K, Ly M
N, O, P, Q
Ny, Oy, Py,
Nz, Oz, Pz,
Q, Ez

E’ F’ G) H’
F’ G

Ex, Fx, Gx,
Ey, Fy, Gy,
Ez, Fz, Gz,
R, S

Js K, L, M,
E’ F’ Go H'

Qy
Qz

Hx, Ix
Hy, Iy

HZ. IZ. OZ‘ QZ

N, O, P, Q

A' B’
Fs Gy

G,

C,
H,

H,

D,

I

E,

a
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Figure 5. Regions defined within the CETAP study area and used to
calculate average seasonal cetacean and turtle population densities
and abundances. Dashed lines show the boundaries of the original
aerial survey blocks and strata which were subsequently combined into

these regions.
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by region and seasomn, which are included with the species accounts.

In cases where post-stratification caused the maximum point abundance
estimate to change significantly from the value without stratification
of the 1979 data, both are included in the species accounts. For each
species, the estimates which appear in the population estimate tables

incorporate the post-stra