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ABSTRACT

The purpose of this study (hereafter referred to as the GulfCet Program) was to
determine the distribution and abundance of cetaceans (whales and dolphins)
in areas potentially affected by future oil and gas activities along the
continental slope in the north-central and western Gulf of Mexico. This
3.75 year project commenced on 1 October 1991 and concluded on 15 July 1995.
The study area was bounded by the Florida-Alabama border, the Texas-Mexico
border, and the 100 m and 2,000 m isobaths. The distribution and abundance of
cetaceans were determined from seasonal aerial and shipboard visual surveys
and shipboard acoustic surveys. In addition, hydrographic data were collected
in situ and by satellite remote sensing to characterize the habitats of cetaceans
in the study area. Finally, tagging and tracking of sperm whales using satellite
telemetry was attempted.

Cetaceans were observed throughout the study area during all four seasons.
Nineteen species were identified, including two species (melon-headed whales
and Fraser's dolphins) that were previously thought to be rare in the Gulf.
Pantropical spotted dolphins, bottlenose dolphins, clymene dolphins, striped
dolphins, Atlantic spotted dolphins, and melon-headed whales were the most
common small cetaceans. The most common large cetacean was the sperm
whale. Only one species of baleen whale, the Bryde's whale, was sighted, and
the estimated abundance of this species was very low. The mean annual
abundance for all cetaceans was estimated to be 19,198 animals.

The oceanography in the study area was complex and dynamic, with mesoscale
features that showed large annual and interannual variability. Warm- and
cold-core rings (eddies) and the fresh water effluent from the Mississippi
River were the most distinctive hydrographic features observed in the study
area. The marine habitat for this area can be characterized as tropical to
subtropical with a mixed layer that is seasonally deepest in the winter.

With the exception of bottom depth, there was no significant correlation of
cetacean distribution with any of the hydrographic variables examined.
Cetaceans could be divided into three groups relative to bottom depth. The first
group, which occurred on the continental shelf or along the shelf break,
consisted of Atlantic spotted dolphins and bottlenose dolphins. The second
group consisted only of Risso's dolphin and occurred along the mid-to-upper
slope. The third group included sperm whales, pygmy/dwarf sperm whales,
pantropical spotted dolphins, striped dolphins, and Mesoplodon spp. This third
or deep-water group typically occurred along the mid-to-lower slope in water
over 1,000 m deep. There was some indication that sperm whales may be found
in conjunction with the edge of warm-core rings, where upwelling events
may enhance productivity and prey abundance.

The potential effects of oil and gas exploration and production activity on
cetaceans along the continental slope cannot be predicted with certainty.
However, it can be anticipated that cetaceans will encounter construction
activity, ship traffic, seismic exploration, and underwater noise as the oil and
gas industry moves into yet deeper water. The GulfCet Program has
demonstrated that any future monitoring programs would need to be long-



term, with relatively intensive sampling effort in order to detect significant
changes in the abundance and distribution of most cetaceans.
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I. INTRODUCTION

R.W. Davis

1.1 Background and Objectives

The Minerals Management Service (MMS) is responsible for assuring that the
exploration and production of oil and gas reserves located more than three
miles offshore and within the U.S. Exclusive Economic Zone are conducted in a
manner that reduces risks to the marine environment. To meet their
responsibilities under the Marine Mammal Protection Act of 1972 and the
Endangered Species Act of 1973, the MMS must understand the effects of oil and
gas operations on marine mammals. As the oil and gas industry moves into
deeper water along the continental slope in their continuing search for
extractable reserves, information is needed on the distribution, abundance,
behavior, and habitat of cetaceans, especially large and deep-water species in
the Gulf of Mexico (Table 1.1). This study, hereafter called the GulfCet Program,
was designed to help the MMS assess the potential effects of deepwater oil and
gas exploration and production on marine mammals in the Gulf of Mexico.

The purpose of this study was to determine the distribution and abundance of
cetaceans along the continental slope in the north-central and western Gulf of
Mexico. The study was restricted to an area bounded by the Florida-Alabama
border, the Texas-Mexico border, and the 100 m and 2,000 m isobaths
(Figure 1.1). This 3.75 year project commenced on 1 October 1991 and concluded
on 15 July 1995. In addition to conducting aerial visual, shipboard visual, and
shipboard acoustic marine mammal surveys, the GulfCet Program collected
hydrographic data in situ and by remote sensing to characterize the marine
habitat of cetaceans in the study area (Table 1.2). An attempt was also made to
tag sperm whales and track their movements using satellite telemetry.

1.2 Program Participants

The GulfCet Program was administered by the Texas Institute of Oceanography
(TIO), which is part of the Texas A&M University System (TAMUS). Researchers
at Texas A&M University Campuses at Galveston (TAMUG) and College Station
(TAMU) provided expertise in marine mammal biology, bioacoustics, and
oceanography. Expertise in aerial and shipboard surveys of marine mammals,
satellite remote sensing, and Geographical Information Systems (GIS) was
provided by the National Marine Fisheries Service (NMFS) at the Southeast
Fisheries Science Centers (SEFSC). The SEFSC that participated in this study
were the Miami Laboratory and the Mississippi Laboratories, with facilities at
Pascagoula and Stennis Space Center. This part of the project was contracted
under a separate Interagency Agreement between the MMS and the NMFS.
Finally, the program included scientists from the Hatfield Marine Science
Center at Oregon State University, who have developed techniques to tag and
track whales using satellite telemetry. A list of the program's participants is
shown in Table 1.3.



Table 1.1.

Cetaceans of the Gulf of Mexico

Balaenidae

Northern right whale

Balaenopteridae

Blue whale

Fin whale

Sei whale

Bryde's whale
Minke whale
Humpback whale

Physeteridae

Sperm whale
Pygmy sperm whale
Dwarf sperm whale

Ziphiidae

Cuvier's beaked whale
Blainville's beaked whale
Sowerby's beaked whale
Gervais' beaked whale

Delphinidae

Melon-headed whale
Pygmy killer whale
False Kkiller whale

Killer whale
Short-finned pilot whale
Rough-toothed dolphin
Fraser's dolphin
Bottlenose dolphin
Risso's dolphin

Atlantic spotted dolphin
Pantropical spotted dolphin
Striped dolphin

Spinner dolphin
Clymene dolphin

Eubalaena glacialis

Balaenoptera musculus
Balaenoptera physalus
Balaenoptera borealis
Balaenoptera edeni
Balaenoptera acutorostrata
Megaptera novaeangliae

Physeter macrocephalus
Kogia breviceps
Kogia simus

Ziphius cavirostris
Mesoplodon densirostris
Mesoplodon bidens
Mesoplodon europaeus

Peponocephala electra
Feresa attenuata
Pseudorca crassidens
Orcinus orca
Globicephala macrorhynchus
Steno bredanensis
Lagenodelphis hosei
Tursiops truncatus
Grampus griseus
Stenella frontalis
Stenella attenuata
Stenella coeruleoalba
Stenella Iongirostris
Stenella clymene

Adapted from Mullin et al. 1991.
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Figure 1.1. Study area between the 100 and 2,000 m isobaths, extending as far east as the Florida-Alabama border,

and as far southwest as the Texas-Mexico border.



Table 1.2. Types of data collected by season and survey.

Marine Mammal{Hydrographic
Surveys|Surveys
=
%
3
- g
2 2
= &> "
I >0 I
§ 3 Q= SEE g
Survey Dates 3528582 2
Spring 1992
R/V Longhorn Cruisel 1S5Apr-1May 1992 v v vV vV vV Vv v
NOAA Ship Oregon II Cruise 199
Leg 1 17 Apr-4 May 1992 v vvvy v
Leg 2 6-25 May 1992 4 vVvvyY v
Leg 3 26 May-8 Jun 1992 v vvvy
Summer 1992
R/V Pelican Cruise 2 10-24 Aug 1992 Vv v vevyy v
Aerial 1 10 Aug-19Sep 1992 v v
Fall 1992
Aerial 2 3 Nov-16 Dec 1992 v v
R/V Pelican Cruise 3  8-22 Nov 1992 vvvyvivyy v
Winter 1993
NOAA Ship Oregon I Cruise 203
Leg 1 5-17 Jan 1993 v vvevyvy v
Leg 2 18-30 Jan 1993 v vVvevyYy v
Leg 3 1-14 Feb 1993 v vvevy v
Aerial 3 1 Feb-22 Mar 1993 v 4
R/V Pelican Cruise 4 12-27 Feb 1993 vvv v ey ey v
Spring 1993
Aerial 4 25 Apr-1 Jun 1993 v v
NOAA Ship Oregon II Cruise 204
Lleg 1 3-17 May 1993 v Vv vy v
Leg 2 18 May-2 Jun 1993 v vvvy v
Leg 3 4-15 jun 1993 v v v vy v
R/V Pelican Cruise 5 23 May-5 Jun 1993 vvvveYyy v



Table 1.2. Types of data collected by season and survey. (continued)

Marine Mammal |Hydrographic
Surveys|Surveys
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Survey Dates S5 RSEE 2 2
Summer 1993
Aerial 5 1-21 Aug 1993 v v
R/V Pelican Cruise 6 28 Aug-5 Sep 1993 vVvvvyvevyy
Fall 1993
Aerial 6 31 Oct-16 Dec 1993 v v
R/V Pelican Cruise 7  3-14 Dec 1993 vvvevy vy v
Winter 1994
Aerial 7 31 Jan-15 Mar 1994 v v
Spring 1994
NOAA Ship Oregon II Cruise 209
Lleg 1 15-24 Apr 1994 v vV v 4 v
Leg 2 27 Apr-18 May 1994 v vV v v v
Leg 3 20-29 May 1994 Vv v v
Leg 4 30 May-10 Jun 1994 v vV v v v
Aerial 8 2 May-2 Jun 1994 4 v
Summer 1994
R/V Pelican Cruise 8 20-28 Aug 1993 vV v v




Table 1.3. GulfCet management structure, principal investigators, and their affiliations.

Randall Davis Program Manager, Principal Investigator TIO, TAMUG

Bernd Wirsig Deputy Program Manager, Principal Investigator T1O, TAMUG

Gerald Scott Program Manager for SEISC NMIS, SEFSC, Miami Laboratory
William Evans Principal Investigator, TIO President TIO, TAMUG

Giulietta Fargion Data Manager, Principal Investigator TIO, TAMUG

Robert Benson Principal Investigator TIO, TAMU

Larry Hansen Principal Investigator NMIS, SEFSC, Miami Laboratory
Thomas Leming Principal Investigator NMES, SEFSC, Stennis Space Center
Bruce Mate Principal Investigator OSU, HMSC

Nelson May Principal Investigator NMFS, SEFSC, Stennis Space Center
Keith Mullin Principal Investigator NMEFS, SEFSC, Pascagoula Laboratory
TI0= Texas Institute of Oceanography SEFSC= Southeast Fisheries Science Center
TAMUG= Texas A&M University, Galveston OSU= Oregon State University

TAMU= Texas A&M University, College Station HMSC= Hatfield Marine Science Center

NMIES= National Marine Fisheries Service



The GulfCet Program had a Scientific Review Board (SRB) composed of five
scientists who reviewed and commented on the project's goals, methodologies,
results, analyses, and conclusions. The SRB members were:

J. Thomas, Ph.D.

Office of Aquatic Studies
Western lllinois University
Macomb, IL 61455

H. Whitehead, Ph.D.
Department of Biology
Dalhousie University
Halifax, Nova Scotia,
Canada B3H 4]1

S. Reilly, Ph.D.

NMFES-Southwest Fisheries Center
8604 La Jolla Shores Dr.

La Jolla, CA 92038

J. Cochrane, Ph.D.

Dept. of Oceanography
Texas A&M University
College Station, TX 77843

K. Norris, Ph.D.
1985 Smith Grade
Santa Cruz, CA 95060

Dr. N. Bray of the Scripps Institution of Oceanography, La Jolla, California, was
a previous SRB member who was replaced by Dr. J. Cochrane in September
1993.

1.3 Report Organization

This report is organized like a book, with an introduction and separate
chapters covering the major parts of the study. Based on their respective areas
of expertise, each author contributed to their individual chapters and to
Chapters 9 (Habitat) and 10 (Conclusions and Recommendations).

The Introduction, Chapter 1, describes the purpose of this study, the program
objectives, and the program participants. In Chapter 2, Davis and May provide
a geographical overview of the Gulf of Mexico. Fargion and Leming then
describe the general oceanography of the region. A historical overview of the
abundance and distribution of cetaceans is provided by Jefferson. In Chapter
3, Hansen and Mullin present the results of the aerial and shipboard visual
surveys of cetaceans and sea turtles. This was one of the largest parts of the
GulfCet program, and this chapter forms the core of the species abundance
estimates, seasonal distribution, and estimates of group sizes in the study area.
Evans, Benson, Norris, and Sparks present the results of the ship-board
acoustic surveys in Chapter 4. The use of towed acoustic hydrophone arrays is
a relatively new technique for censusing marine mammals, and it proved very



useful for detecting many species of cetaceans and, in the case of sperm
whales, estimating abundance. The behavioral reaction of cetaceans to the
aerial and shipboard survey platforms is presented by Wiirsig, Lynn, and
Mullin in Chapter 5. Their results show how cetacean behavior towards a
survey platform may influence abundance and distribution estimates. Fargion
presents the results of the oceanographic surveys in Chapter 6. The GulfCet
program conducted an extensive survey of the marine environment
concurrently with the visual and acoustic surveys of cetaceans. These results
were then used in an analysis of habitat. Although not part of the original
scope of work, an ornithological survey was conducted by Peake and members
of the National Marine Fisheries Service during cetacean surveys. The results
are presented in Chapter 7. Chapter 8 presents data collected during the sperm
whale focal cruise (TIO Cruise 8), and, although no data was obtained, Mate
describes the attempts to attach satellite telemeters to sperm whales during
dedicated cruises in order to track their movements at sea and record their
diving behavior. He also discusses the technical problems that were
experienced. There has been increasing interest in habitat partitioning
among cetaceans, although acquiring the simultaneous data on cetacean
distribution and environmental characteristics has been difficult. In Chapter
9, Davis, May, Fargion, and Evans analyze the data from Chapters 3 and 6 to
develop an environmental profile for cetaceans living in the study area. Some
evidence is provided for habitat partitioning. In the final Chapter, Davis,
Mullin, Fargion, May, and Evans draw the final conclusions and make
recommendations for future research.
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II. OVERVIEW OF THE GULF OF MEXICO

R.W. Davis, B. Wiirsig, G.S. Fargion, T.A. Jefferson, and C. Schroeder

This section of the report will acquaint readers with the general geography,
climatology and oceanography of the northern Gulf of Mexico. In addition, we
review historical data on the distribution and abundance of cetaceans in
offshore waters of the Gulf. We hope that this brief introduction will assist the
reader in understanding the results and conclusions in the chapters that
follow.

2.1 Geographic Overview

The region encompassing the Gulf of Mexico and Caribbean Sea have been
termed the "American Mediterranean" since both are isolated and semi-
enclosed basins (Sverdrup et al. 1949). The Gulf basin encompasses an area of
about 1.5 million km? and is bounded by the United States, Mexico, and Cuba.
The basin consists of sialic basement materials, and in the east and southeast,
the carbonate structures of the Florida-Bahama Platform and Campeche-
Yucatan Bank, respectively (Brooks 1973). The Gulf is connected to the
Caribbean Sea via the Yucatan Straits, a relatively deep (2,000 m) channel, and
to the Atlantic Ocean through the Florida Straits, a silled channel with a depth
of about 860 m (Jones 1973). Based on tabulations from Herring's (1993)
bathymetric data, continental shelf waters less than 180 m deep cover about
35.4% of the total area of the Gulf. The continental shelf varies greatly in
width. Along the Florida west coast, the southern coast of Texas, and the
northern coast of the Yucatan Peninsula, the continental shelf is 160-240 km
wide. In contrast, it is only 32-48 km wide at the mouth of the Mississippi River
and along certain coastal areas of the Bay of Campeche, Mexico. The
continental slope, defined as bottom depths between 180 and 3,000 m, covers
about 39.2% of the total area and contains steep escarpments and numerous
submarine canyons. The areas located in depths greater than 3,000 m (i.e.,
Sigsbee Plain and sections of the Lower Mississippi Fan) make up the
remaining 25.49% of the total area. At its deepest point, on the Sigsbee Plain, the
Gulf is 3,700 m deep. The bathymetry and principal physiographic features are
shown in Figure 2.1. Whereas the continental shelf is a smooth, gently sloping
plain, the upper continental slope in the north-central and western Gulf is
characterized by complex hill and basin topography. The average gradient in
the study area is less steep than the average gradient for the entire Gulf of
Mexico (Figure 2.2).

The formation of the Gulf basin apparently began during the late Paleozoic to
early Mesozoic eras (Kennett 1982). The evolutionary history of the Gulf has
been characterized by significant physiographic changes in the region due to
global climate changes, sea level oscillations, sediment deposition, erosion, and
subsidence. The veneer of sediments which covers the region can be classified
into two categories: those of terrigenous origin, consisting of quartz sand,
clay, and silts eroded from the continental land masses; and calcareous
sediments originating from marine flora and fauna. The sediment map of the
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Figure 2.1.

Texas -Louisiana Shelf

Sigsbee Abyssal Plain

Bathymetry and major physiographic features of the Gulf of Mexico.
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Gulf from Uchupi and Emery (1968) indicates that the two sediment classes
vary both spatially and in composition across the region. Terrigenous
sediments are present in bands adjacent to land along the continental shelf,
with the exception of the Yucutan-Campeche Shelf, and in the northern and
western Gulf along the continental slope. Calcareous sediments are evident in
the deeper areas of the Sigsbee Plain and Lower Mississippi Fan, along the
Yucutan-Campeche Shelf, and the outer continental shelf off the Florida west
coast.

The climatology of the central and western Gulf, which includes the GulfCet
study area, is influenced by two seasonal weather patterns with well-defined
transitional periods (Florida A&M University 1988). During the summer and
early fall months (May to October), moist maritime tropical air dominates, with
a mean air temperature of approximately 26° C. During the winter and early
spring months (December to March), the mid-latitude polar jet stream pushes
southward and displaces the maritime tropical air with cold, dry continental
air. The mean air temperature during the two transitional months of April and
November is about 20° C. Winds are typically influenced by tropical air masses
arriving from the south and southeast in spring and summer, and by cold air
fronts moving southward in the autumn and winter. Mean winter air
temperature is around 13° C. Severe hurricanes frequently enter the Gulf
from the mid-Atlantic Ocean, especially during the summer months. Wind and
fresh water discharge from the Mississippi/Atchafalaya River system are the
dominant factors controlling hydrographic conditions and variability on the
inner portions of the Texas-Louisiana shelf (Kelly 1988). The
Mississippi/Atchafalaya River system contributes about 73% of the fresh water
entering the northern Gulf. About 20% is contributed by precipitation, and the
remaining 7% comes from smaller rivers and streams (Darnell and Phillips
1988).

Tides in the Gulf are usually diurnal (one high and one low tide per lunar day
of 24.84 hours) with a small, semidiurnal component (Marmer 1954). The
relative magnitudes of the diurnal and semidiurnal components result in
mixed tides off the Calcasieu Pass, Louisiana area and primarily diurnal tides
from the Mississippi Delta eastward and to the west of Galveston, Texas (Kelly
1988). The tidal range averages about 60 cm throughout the Gulf.

2.2 General Oceanography of the Region
2.2.1 Circulation Patterns

The Gulf of Mexico is a semi-enclosed basin with only two openings, the
Yucatan Channel and the Straits of Florida. Water flow through the two
openings is further restricted to the upper portion of the water column by
sills that are 1900 m and 800 m deep, respectively. The circulation of the
eastern Gulf is governed by the Yucatan Current and the Florida Current. The
Yucatan Current flows into the Gulf through the Yucatan Channel, and the
Florida Current flows out of the Gulf through the Straits of Florida. The
subsequent clockwise flow of water thus created extends northward into the
Gulf and unites the two currents. This circulatory feature is referred to as the
Loop Current.



The Gulf is dominated by two major circulation features: the Loop Current
system in the eastern Gulf, which sheds eddies as a result of instability
processes, and an anticyclonic cell (warm-core eddy) of circulation in the
western Gulf (Nowlin and McLellan 1967, Behringer et al. 1977, Merrell and
Vazquez 1983). The Loop Current enters the Gulf in a nearly annual cycle. The
extent of its intrusion into the Gulf varies with season, but reaches a maximum
in the summer, at which time an anticyclonic eddy usually separates from the
Loop and drifts westward (Hofmann and Worley 1986, Merrell and Vazquez
1983). The eddy can and often does reattach itself to the Loop Current. High
fluctuations in the frequency of eddy formation ranging from 8 to 17 months
have been reported by Behringer et al. (1977). Advanced Very High Resolution
Radiometer (AVHRR) data from NOAA satellites have produced maps that show
Gulf warm-core eddies originating as pinched-off, northward penetrations of
Loop current meanders. After their separation from the Loop Current, these
anticyclonic rings drift westward until their progress is eventually
constrained by shoaling topography that leaves them in a "graveyard" over
the northwestern continental slope of the Gulf (Vukovich and Hamilton 1989).
These warm eddies interact with the steep topography of the Mexican and
Texan continental slope and generate secondary cyclonic (cold-core) eddies.
These warm-core and cold-core eddies remain in the region, slowly decaying
or coalescing with another approaching eddy.

The ability to locate Gulf warm-core rings by their sea surface temperature
(SST) anomaly is usually limited seasonally to the period. November through
May. For the remainder of the year, the sea surface temperature for the entire
Gulf is uniform, and so eddies cannot be distinguished by temperature. During
the summer months, clouds and water vapor further limit the detection of
eddies by making clear satellite images of the Gulf difficult to obtain.

Vukovich and Hamilton (1989), using infrared satellite data (1976-1980),
showed that the Loop Current covers more than 50% of the oceanic area of the
Gulf east of 90°W over 50% of the time. They also found that the highest
probability for warm rings occurred at about 25°N and 92°W. Warm rings are
also common in the southwestern Gulf, but are not easily detected by satellites
because of the rapid warming of the region in the spring and the effects of
cloud cover.

Vidal et al. (1992) have shown that the weakening of the western Gulf's
anticyclonic rings' relative vorticity is due to their collision against the
western Gulf of Mexico's continental slope. Hence, anticyclonic ring
interactions with the western Gulf boundary give rise to cyclonic-
anticyclonic ring pairs. Recent field work has shown that when an
anticyclonic (warm-core) eddy is present in the northwestern corner of the
Gulf, there are often one or more regions of local, cold cyclonic circulation
about its perimeter (Biggs et al. 1988, Vidal et al. 1990 and 1992). In addition,
recent studies have described different types of rings or eddies, including
anticyclonic eddies, cyclonic eddies, cyclonic-anticyclonic eddy pairs (Merrell
and Morrison 1981, Brooks and Legeckis 1982), and cyclonic-anticyclonic-
cyclonic triads (Vidal et al. 1994, Jockens et al. 1994).

Less is known about the circulation in the western Gulf relative to the eastern
Gulf (Merrell and Morrison 1981). In general, the large-scale circulation
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consists of a clockwise (anticyclonic) gyre which is most prominent in the
upper 500 m of the Gulf (Hofmann and Worley 1986). Eastward to westward
transport associated with the gyre is approximately equal to 5 x 10® m3-s!.
Variations to this flow are created by the Loop Current in the eastern Gulf and
a cyclonic eddy in the northwestern Gulf. Two primary mechanisms for
maintaining the western Gulf anticyclonic gyre have been suggested. The
first mechanism is thought to maintain the gyre by separated Loop Current
eddies which have drifted to the west (Ichiye 1967, Schroeder et al. 1974). The
second mechanism postulates that the gyre is driven by a curl of wind stress
and thus is analogous to the world's major ocean gyres (Sturges and Blaha
1976). The relative contribution of each mechanism may vary greatly from
year to year. An equal contribution of both mechanisms has been suggested by
Merrell and Morrison (1981). Figure 2.3 shows a schematic of the Loop Current
and warm-core eddies pinching off the Loop Current.

2.2.2 Water Temperature and Salinity

In 1916, Helland-Hansen (Sverdrup et al. 1949) introduced the study of
temperature-salinity (T-S) diagrams for analyzing and identifying a complex
system of water masses. The first attempt to establish a T-S characteristic for
the Gulf was made by Parr (1935) using the Mabel Taylor winter cruise data.
Parr was able to recognize two separate water masses within the Gulf: that
derived from the Caribbean and Gulf water. Maximum sampling depth for
these data was 200 m, so the distinction of these water masses was confined to
the this portion of the water column. The first complete coverage of the Gulf
was with the R/V Hidalgo survey (winter 1962). Nowlin and McLellan (1967)
analyzed these data and for the first time, constructed T-S diagrams below
1500 m.

A temperature-salinity diagram constructed for the Gulf reveals a distinct
maximum (36.60 to 36.70 psu with a temperature of 22.5°C) and minimum (34.84
to 34.88 psu) salinity. These salinity signatures are characteristic of
Subtropical Underwater (SUW) and Antarctic Intermediate Water (AAIW),
respectively. Each of these water masses is found in the adjacent Cayman Sea
and enters the Gulf through the Yucatan Channel (Nowlin and McLellan 1967).
Usually the SUW salinity maximum is centered at about 200 m. The AAIW
salinity minimum in the eastern Gulf occurs between depths of 800 to 1,000 m
(shallower in the western Gulf). Waters below the AAIW are isosaline at
34.97 psu. This salinity concentration is consistent with that found in the flow
of North Atlantic Deep Water (NADW) over the Yucatan sill into the Gulf
(Nowlin and Mclellan 1967, Morrison et al. 1983). Hofmann and Worley (1986)
used these three water masses as a basis for a three-layer system to investigate
the circulation of the Gulf.

The SUW is found in the region of the Loop Current and the rings derived from
the current. These rings constitute the principal mechanism by which
Caribbean Sea water enters the central and western Gulf (Elliot 1982). Thus the
SUW can be used as a tracer to identify the presence of anticyclonic rings
within the Gulf. The collision of Loop Current anticyclonic rings against the
western continental slope of the Gulf constitutes the principal mechanism
responsible for the dilution of SUW core water and its conversion to Gulf
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Figure 2.3. Schematic of the life-cycle of a Loop Current anticyclonic or
warm-core eddy (W) as it is pinched off or separated from the
Loop Current, and its possible paths through the western Gulf of
Mexico. A time series representation of the Loop Current shows it
in three possible positions (1-3). The third position represents
the most northerly intrusion into the Gulf (this event usually
occurs in summer), at which time an anticyclonic eddy may
pinch off from the Loop Current. After its formation, the warm-
core eddy may follow one of two paths: a westerly (A) or
southwesterly (B) path. Cyclonic or cold-core eddies (C) are
frequently associated with a warm-core eddy. Regardless of
whether an eddy follows path A or B, anticyclonic eddies spin
down or fade away in an area of the NW Gulf known as the eddy
graveyard. This is due to loss of vorticity from collision with the
continental margin.
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Common Water (GCW). GCW is also formed during the winter by intense
vertical mixing in the upper 200 to 300 m of the water column. Water in the
upper 250 m of the western Gulf is then characterized by salinity
concentrations of 36.4 to 36.5 psu and are then designated as GCW (Morrison et
al. 1983).

2.2.3 Mississippi River Influence

The Mississippi River is the largest river in North America and the sixth
largest worldwide in terms of discharge (Milliam and Meade 1983). The
Mississippi River discharges into the northern Gulf through the Balize and
Atchafalaya delta regions. Approximately 30% of the Mississippi River flow
enters the northern Gulf through the Atchafalaya, and the remaining 70%
goes through the Balize bird-foot delta. The fresh water influence of this river
has been observed as far away as 800 km from its source, near Port Aransas,
Texas (Smith, 1980). In the summer of 1993, the fresh water flow reached the
Straits of Florida and the east coast of the U.S. (Walker et al. 1994).

Nearly two-thirds of the U.S. mainland and half the area of Mexico drains into
the Gulf (Weber et al. 1990). The Mississippi and other rivers with their
associated pollutants, nutrients, and sediment loads have a great impact on all
aspects of continental shelf oceanography in the northern Gulf. The input of
nutrients ensures high phytoplankton production and thus higher
zooplankton productivity (Lohrenz et al. 1990). Twenty-eight percent of the
total U.S. commercial fish catch is from the Louisiana/Texas shelf (Walker and
Rouse 1993). Spawning of key species, such as Gulf menhaden, is also
concentrated around the Mississippi delta.

River discharge into the Gulf is distinctly seasonal, with the highest flow
occurring from March through May, and the lowest flow occurring from
August through October. Walker and Rouse (1993) utilized four years of AVHRR
data (1989-1992) to quantify which areas of the continental shelf and slope of
the Gulf are most influenced by the river. The eighty-three satellite images
revealed that the Mississippi River plume area varied from 450 km?2 to 7,700
km?2. Under medium discharge conditions (10,001 to 20,000 m3-s-!) the mean
extent of the river plume covered 2,200 km? and exhibited a southwest-
northeast orientation following the 200 m isobath. Under maximum discharge
(20,001 to 35,000 m3-s-1), the river's plume covered an extensive area of the
continental shelf-slope (13,207 km?) and extended from 88°20'W to 90°50'W and
offshore to the 1,000 m isobath.

Walker and Rouse (1993) identified wind as a major force for sediment
transport. Under the influence of strong northeasterly winds, shelf water can
be rapidly forced away from the delta and onto the continental slope. The
Mississippi River plume is then subject to oceanic forcing by eddies and
filaments detached from the Loop Current. Walker and Rouse also documented
large, persistent anticyclonic-cyclonic Loop Current eddies east of the delta.
The current associated with these eddies can augment the off-shore movement
of water from the continental slope.
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The 1992-1993 Mississippi River flow was anomalous in its seasonality and flow
(USGS 1992 and 1993 a and b). High rainfall during the spring of 1993 caused
the ground to become saturated, so that when the rainfall continued to be
unusually high throughout the summer, extreme flooding occurred along the
Mississippi River valley in the late summer of 1993. The result was that the
highest rainfall and therefore outflow from the Mississippi and its tributaries
occurred unseasonably in August of 1993. GulfCet's Cruise 6 (R/V Pelican) took
place during August-September of 1993, and very high fresh water
concentrations were found from the surface to a depth of three meters on the
easternmost track-line. The seasonality of the Mississippi River is shown in
Figure 2.4. This shows the total discharge volume of the river using daily data
from 1932 to 1992. Figures 2.5 and 2.6 show the flow of the river from
November 1979 to June 1986 with a time series of chlorophyll pigments from
the Coastal Zone Color Scanner (CZCS) satellite. The data clearly indicate a
positive correlation between the Mississippi River flow and the interannual
variations in chlorophyll concentration, which in turn influence the
development of high primary productivity in the Gulf.

Another consequence of the fresh water influence in the Gulf is the hypoxic
condition (i.e., oxygen concentrations below 2 mg/1) of waters found along the
Louisiana coastline west of the Mississippi delta (Rabalais et al. 1991). Two
events have been suggested to cause this condition. The first event may be
initiated by an increase in phytoplankton biomass during the summer (a
bloom), which is fueled by the high nutrient content of the fresh water. The
sinking and subsequent degradation of this increased biomass causes the
hypoxia. The second scenario may occur when the river's widespread low-
salinity plume is rapidly heated by solar radiation, resulting in a very stable,
stratified water mass on the continental shelf. Mixing of the water column is
prevented by this stratification and leads to stagnant, hypoxic conditions in
the lower portion of the water column. The effect of this hypoxic condition
certainly impacts the benthic community, but its affect on the fish community
has not yet been determined (Rabalais et al. 1991).

Wind forcing and shelf currents are major factors controlling the distribution
of Mississippi River outflow onto the continental shelf. Loop Current eddies
and filaments provide the major control of plume circulation over the
continental shelf-slope and into the northern Gulf. The fresh water of the
Mississippi affects the spatial and temporal distribution of areas of higher
primary production which may also influence the distribution of cetaceans in
the Gulf of Mexico.

2.2.4 Summary

The Gulf of Mexico is a dynamic body of water dominated by two major
circulation features. The Loop Current, formed by the interconnection of the
Yucatan and Florida Currents, governs the circulation of the eastern Gulf. In
the western Gulf, a warm water anticyclonic eddy with associated cold water
cyclones is the primary circulatory feature. Temperature-salinity diagrams
demonstrate the complexity of the Gulf of Mexico. Waters of the Gulf of Mexico
are derived from three water masses: Subtropical Underwater, Antarctic
Intermediate Water, and North Atlantic Deep Water. Each of these water masses
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has its own characteristic temperature and salinity range. These
characteristics allow the identification and tracking of these water masses in
the Gulf. As mixing and dilution of these water masses occurs, the conversion
to Gulf Common Water takes place. Gulf Common Water is identified by a
salinity of 36.4-36.5 psu. The dynamics of the Gulf are made more complex by
the large fresh water inflow. Nearly two-thirds of the continental U.S. and
half of Mexico's land area drains into the Gulf. The associated nutrient input
from this fresh water inflow increases the level of primary production with a
subsequent increase in secondary production as well. The overall resulting
circulation of the Gulf of Mexico is remarkable because of its interannual
variability and intensity.

2.3 Historical Overview of the Distribution of Cetaceans in the
Offshore Gulf of Mexico

2.3.1 Introduction

This section provides an overview of previous knowledge about the status of
marine mammals in the north-central and western Gulf of Mexico. This
overview serves as a bench mark for present and future studies and provides
information Gulf-wide instead of only in the northern part of the Gulf.

Many types of marine mammal distribution records were reviewed and
analyzed for this section of the report. It is important to remember that what a
particular record indicates about the distribution of a species depends on the
record type. Sightings (with very few exceptions) can be assumed to indicate
the true location and movement of the animals. The animals are at a specific
location because they swam there of their own volition. Not all sightings are
indicative of the normal range of the species, however, as animals may get lost
or occasionally venture to areas outside their normal range during unusual
circumstances.

Similarly, most direct captures (reports of incidental captures in fishing gear
are rare in the Gulf) first involve a sighting of a group of animals and can
generally be assumed to represent a true location. The major exception to this
generalization involves some of the Gulf records where an animal was
captured outside its normal habitat, usually very near to shore, possibly in the
process of stranding.

Finally, strandings should not be assumed to indicate anything more than a
very general region of occurrence (and nothing at all of the habitat
preference of a species). Reasons for this assumption are that strandings often
involve sick or injured animals that are behaving abnormally, swimming or
being carried (sometimes after death) by currents many hundreds of
kilometers from their normal range. One need only look at the numerous
stranding records for offshore species, such as sperm whales and beaked
whales, to understand the significance of this.

Strandings involve at least one other major bias: they are highly dependent on
physical features that bring the animals to shore. Currents and weather
patterns will affect when and where (and even if) an animal strands. In the
Gulf, for instance, a dolphin that dies off the coast of Louisiana may wash up
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on a beach in southern Texas due to the current system in that part of the Gulf.
There are also many reports of cetacean strandings in the Gulf of Mexico
coinciding with the passage of hurricanes or other large oceanic storms
(Lowery 1943, 1974, Gunter 1955, Waldo 1957, Caldwell and Caldwell 1969,
Schmidly et al. 1972a, Schmidly and Melcher 1974, Schmidly and Shane 1978,
Davis 1978, Gruber 1981, Harris 1986). Thus, it should not be assumed that the
stranding of a cetacean in a certain area at a certain time means that the
species naturally occurs in that area at that time.

There have been few systematic surveys of marine mammals in the Gulf of
Mexico, especially in the offshore areas. For species other than the bottlenose
dolphin, what is known of their natural history in the Gulf comes mostly from
occasional strandings or opportunistic sightings, and for at least one species,
old whaling records. The first large-scale vessel surveys to assess marine
mammal distribution and abundance in the Gulf of Mexico began in 1990.

Two reports have previously summarized information on historical cetacean
records for the Gulf of Mexico. Schmidly (1981) presented distribution maps
for all species of cetaceans known to occur in the Gulf of Mexico. This analysis
has continued to be useful, but it is now out-of-date. In addition, because
Schmidly was not able to verify species identification for many records, there
were many mistaken identifications. Recently, Jefferson et al. (1992) updated
Schmidly's maps for a cetacean field guide of the Gulf of Mexico. This guide
provided more recent information, but suffered from similar verification
problems with some of the historical records. It is thus suggested that the maps
of Schmidly and Jefferson et al. not be cited, but that those included in this
section be used instead.

This section reviews and summarizes what is known of the historical
distribution and seasonal occurrence of offshore cetaceans in the Gulf of
Mexico. Offshore cetaceans are defined here to include all those members of
the order Cetacea found in the Gulf, with the exception of the bottlenose
dolphin. This species was not included because it has primarily been
recognized as a coastal species, and its distribution in the Gulf has been
comparatively well studied (Leatherwood et al. 1978, Barham et al. 1980, Odell
and Reynolds 1980, Leatherwood and Reeves 1983, Scott et al. 1989, Mullin et al.
1990). However, the GulfCet program has found what may be a larger form of
bottlenose dolphin which is present quite commonly in the offshore waters of
the Gulf, and more detailed information may be found in Appendix A sighting
records as well as in Chapter 3. The analyses in this section are based on all
available records, published and unpublished, except those resulting from the
GulfCet program (except where these have already been published:
Leatherwood et al. 1993, Mullin et al. 1994a, and Mullin et al. 1994b). The
GulfCet records form a continuous, homogeneous database, based on systematic
surveys.



2.3.2 Data Acquisition
2.3.2.1 Area of Coverage

For the purposes of this section, the Gulf of Mexico study area was demarcated
in the east by a line from the southern tip of Florida to the Cuban coast,
running along longitude 80°30'W, and in the southeast by the shortest line
from the northeastern tip of the Yucatan Peninsula to Cabo San Antonio (or
western), Cuba (refer to Figure 2.7).

2.3.2.2 Sources of Data

All available cetacean records of strandings, sightings, and captures from the
waters of the Gulf of Mexico were compiled. A total of 1,223 records were
available for this analysis. These records came from the following sources:

Published and unpublished literature - There is a moderate amount of Gulf of
Mexico cetacean literature available. Most of the published papers report
strandings or opportunistic sightings, but there are a few reports of live-
captures, specimens collected for research, and whaling catches (e.g., Cuni
1918, Moore 1953, Layne 1965, Lowery 1974, Schmidly and Melcher 1974,
Schmidly and Shane 1978). In recent years, there have also been several
research projects that conducted systematic visual surveys of cetaceans in
offshore waters of the Gulf (Fritts and Reynolds 1981, Fritts et al. 1983, Mullin
et al. 1991 - see Figure 2.7 for locations of survey blocks). Identifications were
verified whenever possible.

Southeastern United States Marine Mammal Stranding Network (SEUS MMSN)
Database - The Southeastern U.S. Stranding Network maintains a database of
reported strandings from Gulf coast states (Texas, Louisiana, Mississippi,
Alabama, and Florida) (see Odell 1991). Most records in this database are
unpublished, and although species identifications were not always confirmed,
most of the data were collected by experienced marine mammal biologists and
are considered accurate. Data for the years 1977 to 1991 were available
courtesy of D.K. Odell and N.B. Barros, both of Sea World of Florida.

Texas Marine Mammal Stranding Network (TMMSN) Database - The marine
mammal stranding network in Texas (Tarpley 1987) has records from the
inception of the program in 1981 through 1994. These records were made
available courtesy of G.A.J. Worthy and E. Haubold, each of whom is affiliated
with Texas A&M University at Galveston (TAMUG). Most records in this database
are also in the SEUS MMSN database, and it was possible to verify species
identification for many records by examining TMMSN data and photographic
files.

J.G. Mead's Stranding and Historical Record Database - J.G. Mead, of the National
Museum of Natural History, Smithsonian Institution, maintained a database
through 1977 of marine mammal records from the U.S. East and Gulf coasts. The
majority of records in the database are of strandings, and most are from the
published literature (see Mead 1975). Not all identifications in this database
have been verified.
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D.J. Schmidly's Gulf of Mexico marine mammal files - Files compiled by D.].
Schmidly of TAMUG, primarily during the preparation of his 1981 report
(Schmidly 1981), were searched and reviewed. Information principally
consisted of newspaper clippings and previously unpublished stranding
records. Often photos or other information were available to verify species
identifications.

W.F. Perrin's compilation files of data on dolphins of the genus Stenella -
Several binders of data on dolphins of the genus Stenella, collected by D.K. and
M.C. Caldwell, G.H. Lowery, and D.]. Schmidly, are in the possession of W.F.
Perrin, Southwest Fisheries Science Center, NMFS. These binders were
searched for records of dolphins in the Gulf of Mexico. Examination of photos,
drawings, or skeletal material allowed verification of most of these records.

Museum holdings - Gulf of Mexico specimens from several museums were
examined. The entire cetacean osteological collections of the following
museums were examined by T.A. Jefferson: the Texas Cooperative Wildlife
Collection (TCWC), Houston Museum of Natural Science (HMNS), University of
Southwestern Louisiana (USWL), and Louisiana State University Museum of
Zoology (LSUMZ). A portion, primarily Stenella specimens, of the Florida
Museum of Natural History (UF), and National Museum of Natural History
(USNM) collections were also examined.

National Oceanic and Atmospheric Administration (NOAA) Vessel Bridge logs -
NOAA vessels stationed at the SEFSC, Pascagoula laboratory (Oregon, Oregon II,
Researcher, and Chapman) often kept logs of opportunistic sightings of
marine mammals in the Gulf of Mexico during cruises dedicated to other types
of research. These data were provided courtesy of K.D. Mullin, K. Rademacher,
and W.L. Perryman; some records from the Oregon and Oregon II were
previously plotted in Lowery (1974). These records cover the years 1950-1992.
The data were collected by many different people, with widely different
abilities to identify marine mammals. Many of the identifications could not be
verified and were not used.

Oregon Il marine mammal surveys - Prior to the present GulfCet study, two
marine mammal surveys were conducted by the SEFSC using the NOAA Ship
Oregon II during the spring seasons of 1990 and 1991 (see Figure 2.6). These
marine mammal surveys had a systematic sighting effort and used highly
trained observers (thus all identifications are verified). Unpublished data
from these surveys were provided by K.D. Mullin and L.J. Hansen (SEFSC,
unpubl.).

Several marine mammal surveys, which provided almost no data that could be
used in this section, have been conducted in the Gulf of Mexico. Esher et al.
(1992) sighted several large herds of dolphins that were identified as either
Atlantic spotted dolphins or pantropical spotted dolphins, and groups of
unidentified whales and dolphins (see Figure 2.7 for survey blocks). It was also
stated in this report that sperm whales, pilot whales, and common dolphins
were detected by acoustic methods (sonobuoy drops from the survey aircraft),
but except for sperm whales, these detections were rejected as unreliable
because of the lack of visual confirmation. The sperm whale detections were
accepted as verified records because of the unique species-specific
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characteristics of their vocalizations. However, they were not plotted or used
in the present analyses, because Esher et al. (1992) did not provide positions
for these records.

Scott et al. (1989) surveyed out to 9.3 km beyond the 183 m contour. However,
very few animals other than bottlenose dolphins were sighted, and data on
these other species were not presented in the report. Similarly, Mullin et al.
(1990) surveyed coastal and offshore waters (within 37 km of shore), but
reported no sightings other than bottlenose dolphins. There have been several
other surveys for bottlenose dolphins in coastal waters, but they have
provided no data on offshore species of cetaceans (Leatherwood et al. 1978,
Barham et al. 1980, Odell and Reynolds 1980, Leatherwood and Reeves 1983,
Mullin et al. 1990).

Finally, the Galveston laboratory of the NMFS maintains a database of marine
mammal sightings by observers from their Oil Platform Removal Observer
Program. These unpublished data, mostly collected over the continental shelf,
were provided by E. Klima, SEFSC. The database was checked, but since the
observers were not trained in marine mammal identification, species
identification was not available (although the vast majority of sightings were
apparently of bottlenose dolphins).

2.3.2.3 Verification of Species Identification

There are many errors in species identification for the older records, and even
some for recent records from stranding network data. In addition, the
taxonomy of some groups (such as Kogia and Stenella) has only recently been
clarified. Thus, for each record, the species identification was questioned and
an attempt made to verify it. Verification was done in one of several ways:
review of photographs, drawings, or detailed descriptions of the animals
demonstrating diagnostic features; examination of voucher materials, such as
skulls collected from specimens stranded or captured; identifications made by
highly trained observers; or identifications made by relatively inexperienced
observers, but of highly distinctive species (such as sperm whales or killer
whales). The ease of identifying each species was kept in mind when judging
the extent of an observer's identification experience.

For many records, it was not possible to verify the species identification.
Unless there was strong reason to believe that the identification was in error,
these records were included in plots, using a unique symbol (X) indicating
questionable accuracy. For many other records, the genus could be verified,
but not the species. Such records were not plotted. Despite this treatment of the
data, there may still be some errors in a few of the records that have been
considered verified. These are pointed-out in the text where applicable. Of the
1,223 records, 1,044 were considered to be verified, 104 were questionable, and
75 could only be identified to genus.

2.3.2.4 Plotting of Distribution Maps
After species verification, records were plotted for each species represented

by at least two verified records. It should be mentioned that it was not always
possible to obtain an exact position for each record. In cases where the
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position could be localized to a small area (such as a county or a region of less
than about 50 x 50 km), a position in the middle of that area was chosen for
plotting. Thus, a small number of records on the maps may appear some
distance from their true location. For records in which only a very general
region (such as "the northwestern Gulf of Mexico") was available, the record
was not plotted. A bar graph of the seasonal distribution of the verified records
has been overlaid onto each species map. Questionable records were not
included in these graphs. Distribution maps which are not provided as figures
in the following section are provided in Appendix A.

2.3.3 Species Distribution
2.3.3.1 Sighting and Stranding Records
ig a

There were only two confirmed records of northern right whales in the Gulf
of Mexico, a spring sighting off Florida (Moore and Clark 1963) and a winter
stranding in Texas (Schmidly et al. 1972b). In addition, there were three
questionable records. Townsend (1935), in his report on nineteenth century
whaling grounds and whaling catch records, did not show any catches in the
Gulf of Mexico. Clark (1884), however, did identify the central Gulf as a
whaling ground for right whales, but did not present any specific records of
their occurrence there, and we know of no other information that documents
whaling of this species in the Gulf.

From the above information, it is concluded that the northern right whale is
not a normal inhabitant of the Gulf of Mexico. Existing records probably
represent extralimital strays from the wintering grounds of this species off
the southeastern U.S. coast from Georgia to northeastern Florida (see Kraus et
al. 1987).

Rorquals

There are five species in the genus Balaenoptera, and they are all
cosmopolitan, occurring in all oceans and major seas. All five have been
reported from the Gulf of Mexico. In addition to the records summarized below,
which were considered to be at least tentatively identified to species, there
were 14 others that were not supported by enough evidence, or were collected
by inexperienced observers, and thus could not be confidently assigned to any
particular species.

There were only two reliable records of blue whales in the Gulf, both of
strandings (Lowery 1974, Mead unpubl.), and two additional questionable
reports. Possibly, some records of unidentified balaenopterids were of this
species, but there appears to be little justification for considering the blue
whale to be a regular inhabitant of the Gulf of Mexico.

Seven reports of fin whales in the Gulf of Mexico, from Louisiana to Florida,
were considered reliable, but four others were of questionable accuracy.
Apparently fin whales are not abundant in the Gulf of Mexico, but it is possible
that the Gulf represents a portion of the range of a low latitude western
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Atlantic population (or a sub-area of it). Alternatively, the more likely
consideration is that the fin whale records may be extralimital. All records of
fin whale occurrence in the Gulf were from summer, fall, and winter.

Sei whales occur primarily in temperate waters, with lower densities in the
tropics and near the poles (see Gambell 1985). They were represented in the
Gulf by only four reliable records, near Louisiana, and one questionable one.
This species should be considered most likely to be of accidental occurrence in
the Gulf, although it is worth noting that three of the four reliable records
were from strandings in eastern Louisiana.

The Bryde's whale was represented by more records than any other species of
baleen whale (15 verified records in the northern Gulf, and three
questionable). The frequency with which Bryde's whales have been identified
in recent years suggests that many of the older records of unidentified
balaenopterids may be of this species. It is interesting that all the sightings
were from the shelf edge near the De Soto Canyon. Bryde's whales are known
to be year-round inhabitants of tropical and subtropical waters (see Cummings
1985). Stranding records for the Gulf of Mexico were scattered throughout the
year, with the three spring sightings all resulting from the Oregon II surveys.
It is likely that the Gulf of Mexico represents at least a portion of the range of
a dispersed, resident population of Bryde's whales. This appears to be the most
common species of baleen whale in Gulf waters.

There were 10 reliable and two questionable records of minke whales in the
Gulf of Mexico, from Texas to Florida, all were of strandings. Seven out of eight
records for which the season was known were from winter or spring. It is
suggested that either minke whales migrate into the Gulf regularly in winter,
but in small numbers, or that these records represent strays from low-latitude
breeding grounds elsewhere in the western North Atlantic. The latter
explanation was proposed by Mitchell (1991), and it is considered the more
likely of the two.

Humpback Whale

Seven records of humpback whales, from Texas to Florida, were considered
reliable either because they were supported by photographic or written
evidence, or because sightings were made by observers with enough
experience to recognize this highly distinctive species. Two records were
questionable. The records were all sightings, several of which have been
noted to be of small animals (see Weller et al. in press). All except one (Aguayo
1954) of these sightings were in shallow, nearshore waters.

The West Indies breeding grounds of the western North Atlantic stock of
humpbacks is well-known (Katona and Beard 1991). Although most of the
winter population is located at the Silver and Navidad banks north of the
Dominican Republic, some whales venture as far south of the normal breeding
grounds as the coast of Venezuela (Katona and Beard 1991). It seems likely that
some humpbacks stray into the Gulf of Mexico during the breeding season or
on their return migration northward. This hypothesis is supported by the time
of year in which the sightings occurred (all six in winter and spring), and the
small size of the animals involved in many sightings (most likely
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inexperienced yearlings on their first return migration). This is similar to the
occurrence of gray whales in the northern Gulf of California, reported by
Tershy and Breese (1991), except that gray whales' use of the Gulf of California
may be a more regular occurrence.

Sperm Whale

Sperm whales have an extensive deep water distribution, ranging from the
tropics to the Arctic ice edges in both hemispheres (Rice 1989). There were
numerous records of sperm whales in the Gulf of Mexico (189 reliable records
and two questionable ones), more than for any other species of offshore
cetacean, except the Atlantic spotted dolphin (Figure 2.8). Townsend (1935)
identified the Gulf of Mexico as a significant sperm whaling ground for
nineteenth century Yankee whalers. Although the exact dates were not
reported by Townsend, most of the catches occurred from spring to summer in
the area between the Straits of Florida and the Mississippi River delta. The
historical records show no strong seasonal pattern (see Figure 2.8). The low
number of sightings in winter probably resulted from decreased offshore
human activity and poorer sighting conditions during that time of year.
Sperm whales were found primarily in deep waters beyond the edge of the
continental shelf (although there are a few records from over the shelf). In
the Gulf of Mexico, this generally puts their distribution offshore several tens-
to-hundreds of kilometers. However, in areas where the continental shelf is
very narrow (such as off the Mississippi River delta), sperm whales may be
seen close to shore.

It appears likely that there is a resident population of sperm whales in the
Gulf of Mexico, but only identification and or long-term tracking of individual
whales will tell us how much interchange there may be with populations in
the Atlantic Ocean. There is no doubt, however, that sperm whales are the most
common large whales in the Gulf of Mexico, and that they can be found there
at any time of year.

Pvgmy and Dwarf Sperm Whale

Two species of Kogia are currently known, although it was not until Handley's
(1966) study that the dwarf sperm whale classification was widely recognized
as valid. Due to the taxonomic problems and the continuing difficulty in
distinguishing these animals by many observers (especially in sightings at
sea), there were many (48) records that could not be confidently assigned to
either species. In addition, it is likely that a few of the records assigned to one
or the other species were, in fact, misidentifications.

Historical records of pygmy sperm whales in the Gulf of Mexico were
exclusively of strandings or presumed strandings from Texas to Florida (61
reliable records and two questionable ones). This species was previously
considered to be rare (see Schmidly 1981), but the number of records would
indicate otherwise. Alternatively, it may be due to an increased tendency to
strand or increased mortality in colder months. Whatever the case, these data
do not indicate that this species is rare in the Gulf. The absence of sightings
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probably has to do with the cryptic behavior and difficulty in positively
identifying this species at sea. Many of the sighting records identified as Kogia
sp. on recent shipboard and aerial surveys were probably of this species.

The dwarf sperm whale, like its congener, was previously thought to be rare
in the Gulf of Mexico. However, there are numerous records (39 reliable ones)
from this body of water, many of them strandings. In recent years, the first
reliable sightings at sea of this species in the Gulf have been reported. There
are stranding records from all four seasons.

Cuvier's Beaked Whale

Cuvier's beaked whale is the most cosmopolitan of all the beaked whales
(Heyning 1989). It was reported at least 24 times from the Gulf of Mexico (with
one additional questionable record), and may be the most common beaked
whale in these waters. Most of the records are of strandings and are scattered
more-or-less equally throughout the four seasons.

Mesoplodonts

Three of the 13 species in the genus Mesoplodon have been reported from the
Gulf of Mexico. This is a problematic group because the taxonomy is still in a
state of flux, and because identification presents major challenges due to poor
documentation of diagnostic characteristics. One species was first described in
1991 (Reyes et al. 1991). Only rarely have at-sea sightings been identified to
species (although the frequency of such identifications is increasing as our
knowledge grows), and even specimens "in hand" often can not be identified
without museum preparation. Because of these difficulties, any assessments of
mesoplodont distribution in the Gulf must be considered highly tentative.
Other species, such as True's beaked whale, which has not yet been recorded in
the Gulf of Mexico but is known from the nearby Bahamas (Mead 1989), may be
shown to occur in the Gulf in the future.

There were only three confirmed records of Blainville's beaked whale from
the Gulf, plus one questionable record. This species has the widest distribution
of all the mesoplodonts (Mead 1989). All of the Gulf records were of strandings,
and all the reliable records were from December and January.

Sowerby's beaked whale was represented in the Gulf of Mexico by only one
record, a stranding in Florida (Bonde and O'Shea 1989). This species normally
occurs much further north in cool temperate waters (Mead 1989), and this
record was thus considered extralimital.

Gervais' beaked whale is the most common mesoplodont stranded along the
Atlantic coast of the United States, and most records of its occurrence are from
the western North Atlantic (Mead 1989). There were more records for Gervais'
beaked whale in the Gulf of Mexico than for any other species of Mesoplodon.
There were 16 reliable records (all strandings), plus another questionable one.
This species is probably the most common mesoplodont in these waters.
However, this conclusion must be considered tentative, as the sample sizes are
still small and many Mesoplodon records remain unidentified to species.
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Melon-headed Whale

Melon-headed whales occur throughout the tropical and subtropical waters of
the world (Perryman et al. 1994). The first records of this species from the Gulf
of Mexico were obtained only recently. These consisted of two strandings, one
in Texas in 1990, the other in Louisiana in 1991 (Barron and Jefferson 1993).
There have been a number of recent sightings, all associated with the GulfCet
program, (Mullin et al. 1994b), bringing the total number of reliable Gulf
records to 12. Most of the sightings have been in deep waters, well beyond the
edge of the continental shelf. Records exist for all seasons except fall.

Pvgmy Killer Whale

Pygmy killer whales occur around the world in tropical and subtropical waters
(Ross and Leatherwood 1994). These animals do not appear to be very common
in the Gulf of Mexico; there were only 19 reliable records, most of them
strandings. Records were found for all four seasons.

False Killer Whale

False killer whales are found in tropical to warm temperate waters of the world
(Stacey et al. 1994). There were 27 reliable records from the Gulf of Mexico.
Several sightings have occurred over the continental shelf, although the
majority appeared to be in oceanic waters. Stacey et al. (1994) mentioned that
inshore movements associated with movements of prey and warm-water
currents have been documented. Strandings have occurred in all four seasons.

Killer Whale

Killer whales are found in all oceans and seas and probably have the most
extensive distribution of any cetacean (see Heyning and Dahlheim 1988).
There were 15 reliable records of killer whales in the Gulf of Mexico (plus two
others that were questionable), mostly of sightings at sea. There were records
for all four seasons. In recent years (since 1989) there have been at least nine
sightings (mostly resulting from GulfCet cruises and aerial surveys and thus
not summarized in this section), and some have involved resightings of
previously seen pods or individuals (Roden et al. 1993). Most of these sightings
have been in oceanic waters greater than 200 m deep (Roden et al. 1993),
although there were other sightings from over the continental shelf.

Katona et al. (1988) located records of only four sightings, four strandings, and
two fishery catches from the Gulf of Mexico. This report stated that killer
whale use of the Gulf was unclear, but considered killer whales uncommon in
the Gulf. On the basis of the gathered data in this report, it seems likely that
there are a small number of pods that use the offshore waters of the Gulf of
Mexico as all or part of their normal range.

Short-finned Pilot Whale

Two species of pilot whales are currently recognized, the long-finned pilot
whale and the short-finned pilot whale. The taxonomy of this genus is still
somewhat controversial, and in this section, all of the pilot whale records from
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the Gulf are assumed to be the short-finned pilot whale, the more tropical of
the two species. This assumption is based on the currently known distributions
of the two species and their habitat preferences (see Bernard and Reilly in
press). However, it should be kept in mind that the identifications of many
specimen records and most or all sightings have not been unequivocally
shown to be of the short-finned species.

Based on historical records (mostly strandings), the short-finned pilot whale
would be considered to be one of the most common offshore cetaceans in the
Gulf of Mexico, with more records than any species except the sperm whale,
and Risso's, pantropical spotted, and Atlantic spotted dolphins. A total of 64
records were accepted as reliable, and an additional 17 were considered
questionable. However, recent aerial and shipboard surveys in the northern
Gulf of Mexico have not borne out the conclusion that pilot whales are
common in the Gulf, as they have only been occasionally sighted. This is
evidence that strandings are not necessarily a good indicator of a species’
relative abundance. Since pilot whales tend to strand in mass, they are more
likely to be discovered and reported, and so may be disproportionately
represented in stranding records.

One potential explanation for the preponderance of pilot whales in the older
records and their surprising rarity in recent surveys is that many of the old
records were misidentifications of other "blackfish" (i.e., pilot, killer, false
killer, pygmy Kkiller, or melon-headed whales, or sometimes Risso's dolphins),
most likely false killer whales. This is a possibility, but many of the older
records are supported by photographs or voucher specimens (skulls) that
were collected from stranding sites.

Rough-toothed Dolphin

Rough-toothed dolphins are found in tropical to warm temperate waters of the
world (Miyazaki and Perrin 1994). Although not very common, the historical
records nonetheless indicate that the rough-toothed dolphin occurs in the Guif
of Mexico throughout the year. The 21 verified records (plus one additional
questionable record) were from all four seasons. The apparent peak in spring
sightings most likely results from the effort associated with the Oregon II
surveys.

Fraser's Dolphin

This is a tropical species, found worldwide on the high seas and nearshore in
some areas where deep water approaches the coast (Perrin et al. 1994b). There
are very few records from the Atlantic Ocean (see Leatherwood et al. 1993).
Until 1992, there was only a single record from the Gulf of Mexico, a mass
stranding in the Florida keys (Hersh and Odell 1986). The first sightings in the
Gulf were made in 1992, and since then there have been a number of others,
mostly associated with the GulfCet program (Leatherwood et al. 1993). The
seven verified records come from all four seasons. The recent spring and
summer sightings reflect the bias in sighting effort during this time of year,
and the three strandings occurred one each in spring, fall, and winter.
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Risso's Dolphin

This species is found in all major oceans in tropical to warm temperate waters
(Kruse et al. in press). Although the first record for this species in the Gulf of
Mexico was only documented in 1966 (Paul 1968), and Risso's dolphins were
previously considered to be rare in the Gulf, there are now numerous records
(Figure 2.9). A total of 97 reliable records were located, the vast majority of
them sightings, and most of these from Mullin et al. (1991). There is a large
peak in sightings during the spring months, and this may be indicative of
increased abundance on the upper continental slope in this season.

Atlantic Spotted Dolphin

Atlantic spotted dolphins are endemic to the tropical to warm temperate
Atlantic Ocean (Perrin et al. 1987, 1994a). Although Atlantic spotted dolphins
have been recorded near oceanic islands and far offshore, they occur in the
Gulf of Mexico almost exclusively over the continental shelf and the shelf edge
(Figure 2.10). The animals from offshore and around oceanic islands are
smaller and more lightly spotted, and may represent a different form than the
coastal animals (Perrin et al. 1994a). There are more Gulf records of Atlantic
spotted dolphins than there are for any other species of offshore cetacean.
There were 194 records that were considered reliable and an additional seven
that were questionable. This is the only species, other than the bottlenose
dolphin, that commonly occurs over the continental shelf. It is also the only
species for which there is adequate information to assess its occurrence in
Mexican waters, which is also primarily over the continental shelf. The
apparent peak in sightings for the spring months may be real, as sightings
per unit effort also increase in the spring (Mills et al. 1993). However,
sighting rate is not necessarily a good indicator, because it does not account
for bias due to seasonal effects on sightability. One interesting aspect of this
species’ distribution was the low number of strandings; almost all records were
of sightings or captures. It is unclear why a species as common as this one
appears to be is so poorly represented in the stranding record, but apparently
they seldom strand.

antropical Spotted Dolphin

This is a tropical species, known from the Pacific, Indian, and Atlantic oceans
(Perrin and Hohn 1994). Most historical and recent evidence indicates that this
species is the most common and abundant delphinid in the oceanic (deeper
than 200 m) waters of the Gulf of Mexico (Figure 2.11) (Johnson et al. 1991,
Jefferson and Lynn 1994). A total of 112 records have been located, mostly of
sightings. Many of these sightings were the result of recent deep-water
surveys in the northern Gulf (Mullin et al. 1991, SEFSC unpublished). The
previous conclusion that this species was uncommon (see Schmidly 1981) was
probably the result of this species' confused taxonomic status. Many older
records of Stenella that could not be identified to species were probably
pantropical spotted dolphins. Since its re-description (Perrin et al. 1987), there
have been numerous reports of this species in the Gulf.
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The sightings reported from the mid-continental shelf area off the Yucatan
Peninsula by Fuentes et al. (1986) do not agree with what is known of the
preferred oceanic habitat of the pantropical spotted dolphin. These sightings
may be misidentifications of Atlantic spotted dolphins.

Striped Dolphin

Striped dolphins occur from tropical to warm temperate waters in all three
major ocean basins (Perrin et al. 1994c¢). There were relatively few verified
records (27), but many questionable ones (41) (Figure 2.12). Many of the
questionable records were from aerial surveys by Fritts et al. (1983). There
were records from all seasons.

In most areas of the world, the primary habitat of striped dolphins appears to
be deep water. Thus, there is reason to question the accuracy of the many
sightings reported from the west Florida shelf by Fritts et al. (1983). These
were made from aircraft, in which species identification can be difficult (as
described by Mullin et al. 1991). It is possible that many, if not all, of these
sightings were misidentifications of Atlantic spotted dolphins. Groups of
young spotted dolphins, which are not heavily spotted, may be easily mistaken
for striped dolphins (especially from the air), since both have prominent
spinal blazes.

Spinner Dolphin

Spinner dolphins are pantropical animals (Perrin and Gilpatrick 1994). In the
Gulf of Mexico, only 19 verified and 10 questionable records were found. This is
fewer than for any other species of Stenella. There were records from all four
seasons.

The distribution of this species in the tropical Atlantic appears to be primarily
oceanic, with the exception of movements into shallow, nearshore waters,
such as around the island of Fernando de Norohna off Brazil (Lodi and Fiori
1987). Thus, some of the continental shelf sightings reported for the west coast
of Florida (Fritts et al. 1983) and the Campeche Bank, northwest of the Yucatan
Peninsula (Urbaifi-Ramirez and Aguayo-Lobo 1983) may be misidentifications.

Clvinene Dolphin

The clymene dolphin is an Atlantic endemic, found in tropical and subtropical
waters (Perrin et al. 1981, Perrin and Mead 1994). There were 50 verified
records for the Gulf of Mexico (plus one questionable one from the southern
Gulf), indicating that this species is not rare in this body of water (Figure
2.13). The rarity of clymene dolphin records in the past (see Schmidly 1981)
was probably only a result of its recently clarified taxonomic status and the
tendency of observers to confuse it with other species (see Perrin et al. 1981).
Records were from all seasons of the year. The large spring sighting peak is
probably due to the seasonal bias in survey effort of the Oregon II and in the
present study (Mullin et al. 1994a).
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Common Dolphin

Common dolphins occur in tropical to warm temperate waters of all three
major oceans (Evans 1994). Although long-beaked and short-beaked varieties
of common dolphins have long been recognized, until recently they were
classified as one species by most biologists. However, Heyning and Perrin
(1994) have discovered that the two types represent separate species in the
eastern North Pacific. These are the short-beaked common dolphin and the
long-beaked common dolphin. These differences appear to apply to other
ocean basins as well. Short-beaked common dolphins are known from the east
coast of Florida, while the nearest occurrence of the long-beaked species is
from Venezuelan waters (Heyning and Perrin 1994).

Only three alleged specimen records of common dolphins from the Gulf of
Mexico were located. These consist of a live-capture of two specimens from
near St. Petersburg, Florida in the spring of 1965 (R-G-1-SLS), which was
mentioned by Caldwell and Caldwell (1973). These animals were later re-
identified as "short snouted spinner dolphins" (Caldwell and Caldwell 1975),
and photographs published therein leave no doubt that these animals were
indeed clymene dolphins. A stranding at Sabine Pass, Texas, on 16 May 1974
(TCWC 28286) was identified at the time as a common dolphin, but was later re-
identified as a spinner dolphin by Schmidly and Shane (1978). Finally, a live-
stranding of a common dolphin in Galveston, Texas on 30 March 1979 (TCWC
50849), was briefly mentioned in Schmidly (1981). The skulls of the latter two
specimens have been examined by T.A. Jefferson and the identifications were
confirmed as spinner dolphin (TCWC 28286) and clymene dolphin (TCWC
50849), respectively (see Jefferson et al. 1995). Thus, there are no valid
specimen records of the genus Delphinus from the Gulf of Mexico.

There have also been several reported sightings of common dolphins in Gulf
of Mexico waters (Cuni 1918, Caldwell 1955, Caldwell and Caldwell 1973, Lowery
1974, Fritts and Reynolds 1981, and Dorf 1982). However, none of these was
accompanied by photographs, sketches, or detailed descriptions of diagnostic
characteristics used in identification. Most of the reports were made by
untrained observers and were made at a time when the taxonomy and
diagnostic features of the long-snouted tropical dolphins were poorly known.
All of these sightings occurred prior to 1981, when the re-description of the
similar-appearing clymene dolphin was published (Perrin et al. 1981).
Further, the sightings by Fritts and Reynolds (1981) and Dorf (1982) were made
from aircraft, a platform from which identification can be difficult (see
Mullin et al. 1991).

In conclusion, all reported records of common dolphins from the Gulf of
Mexico are rejected as either incorrect or questionable. Common dolphins
should not, at this time, be considered a species known to occur in the Gulf of
Mexico. This conclusion is supported by the results of the GulfCet surveys.

2.3.4 Summary and Conclusions

There are often strong geographic and seasonal biases in sighting and
stranding recovery efforts. For essentially all types of records, almost none
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were available for the southern Gulf of Mexico. Thus, distribution maps
showing records primarily from the northern Gulf of Mexico do not, in any
way, imply that these species do not occur in the southern Gulf. On the
contrary, there is no reason to believe that any species known from the
northern Gulf does not also occur in the southern part of the Gulf of Mexico.
Areas of the northern Gulf coast with low human population density also show
a conspicuous lack of strandings.

Likewise, seasonal graphs must be viewed with several important biases kept
in mind. For the most part, effort to document strandings since the inception
of the Southeastern U.S. Marine Mammal Stranding Network in 1977, has been
relatively even throughout the year. However, since stranding recoveries
depend heavily on reports from the general public, the summer season (when
more people are at the beach) would be expected to produce more stranding
records than other seasons. This is probably even more true of older stranding
records from a time prior to the establishment of systematic data collection,
and for species, such as pilot whales, which mass strand and were therefore
more likely to be discovered and reported. Finally, opportunistic sightings
tend to be biased towards the time of year when the weather is good and more
people are venturing offshore (primarily summer). In addition, one of the
major sources of high-quality data for this analysis, the Oregon II surveys
(SEFSC unpubl.), have occurred almost exclusively in the spring. Thus, the
apparent spring and or summer peaks in sightings for many species may only
be artifacts of seasonal biases in survey effort. In addition, seasonality of
strandings is not necessarily directly related to population abundance. It may,
instead, reflect seasonality in mortality patterns.

The apparent absence of common dolphins in the Gulf of Mexico is interesting
and worthy of examination. Schmidly and Scarbrough (1990) noted that
common dolphins had not been documented from the Gulf in the past decade,
but apparently did not doubt the accuracy of the older records. Common
dolphins occur in most tropical to warm temperate waters of the world (Evans
1994, Heyning and Perrin 1994). Their status in northeastern Florida (the
nearest area to the Gulf with confirmed records) was discussed by Caldwell and
Caldwell (1978). Common dolphins were once abundant in northeastern
Florida, but in the past few decades have disappeared from those waters. The
last known sightings and strandings were in 1958 and 1960, respectively
(Caldwell and Caldwell 1978). The disappearance of common dolphins from
northeastern Florida may be the result of natural fluctuations in numbers or
distribution (possibly associated with oceanographic changes), since there
have been no known fishery interactions or other human-caused mortality
events involving common dolphins from the southeastern United States.

There are other potential historical data sources that have not been examined
in this section. Some of the most valuable sources are old, nineteenth century
whaling logbook records. Townsend (1935) has extracted entries of the large
whale target species (sperm, humpback, and right whales) from many
logbooks of Yankee whalers. There are undoubtedly many more logbooks that
have not yet been examined, and it is likely that other information may also be
available from those Townsend did examine. For instance, other large whales
that were too quick to be primary targets of whalers (balaenopterids), and
other species of small cetaceans were often mentioned in old whaler's
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logbooks. Although species identification would be very difficult to verify for
many of these records, there may be a number of records of highly distinctive
species (such as killer whales) that could be extracted. Thus, these whaling
logbooks represent a potentially valuable untapped source of data for analyses
such as this.

Understanding of the marine mammal fauna of the Gulf of Mexico is still
incomplete. It is probable that there are still undocumented species that may
occur in the Gulf; beaked whales are the most likely candidates. Although
knowledge of Gulf marine mammals is still in a rudimentary stage, a great deal
has been learned in the past decade, and the pace at which this knowledge is
acquired continues to increase. This has come about only through the hard
work and dedication of a small group of interested individuals. Recent studies,
such as the GulfCet program described in the remainder of this report, have
added greatly to the efforts of those early workers who painstakingly
documented strandings and occasional sightings of these relatively poorly
known animals.

2.4. Literature Cited

Aguayo, C.G. 1954. Notas sobre cetaceos de aguas Cubanas. Circulares del Museo
y Biblioteca de Zoologia de la Habana 13:1125-1126.

Barham, E.G., J.C. Sweeny, S. Leatherwood, R.K. Beggs, and C.L. Barham. 1980.
Aerial census of the bottlenose dolphin, Tusiops truncatus, in a region
of the Texas coast. U.S. Fish. Bull. 77:585-595.

Barron, G.L., and T.A. Jefferson. 1993. First records of the melon-headed whale
(Peponocephala electra) from the Gulf of Mexico. Southwest. Nat. 38:82-
85.

Behringer, D.W., R.L. Moinary, and ]J.F. Festa. 1977. The variability of
anticyclonic current patterns in the Gulf of Mexico. ]J. Geophys. Res.
82: 5469-5476.

Bernard, H.J., and S.B. Reilly. In press. Pilot whales, Globicephala Lesson,
1828. In S. H. Ridgway and R. Harrison, eds. Handbook of marine
mammals, volume 6: The second book of dolphins and the porpoises.
Academic Press, San Diego.

Biggs, D.C., A.C. Vastano, R.A. Ossiger, A. Gil Zurita, and A. Perez Franco. 1988.
Multidisciplinary study of warm and cold-core rings in the Gulf of
Mexico. Proceedings of the Congreso Ibero-Americano y del Caribe.
Mem. Soc. Cienc. Nat. La Salle 48:11-31.

Bonde, R.K., and T.]J. O'Shea. 1989. Sowerby's beaked whale (Mesoplodon
bidens) in the Gulf of Mexico. J. Mammal. 70:447-449,

Brooks, H.K. 1973. Geological oceanography, pp. l[IE-1-1IE-49. In ].I. Jones, R.E.
Ring, M.O. Rinkel, and R.E. Smith, eds. A summary of knowledge of the
eastern Gulf of Mexico. Institute of Oceanography, State University
System of Florida, St. Petersburg.

43



Brooks, D.A., and R.V. Legeckis. 1982. A ship and satellite view of
hydrographic features in the western Gulf of Mexico. J. Geophys. Res.
87:4195-4206.

Caldwell, D.K. 1955. Notes on the spotted dolphin, Stenella plagiodon, and the
first record of the common dolphin, Delphinus delphis, in the Gulf of
Mexico. J. Mammal. 36:467-470.

Caldwell], D.K., and M.C. Caldwell. 1969. Gray's dolphin, Stenella styx, in the
Gulf of Mexico. J. Mammal. 50:612-614.

Caldwell, D.K., and M.C. Caldwell. 1973. Marine mammals of the eastern Gulf of
Mexico, pp. III-I-1 to III-1-10. In ].I. Jones, R.E. Ring, M.O. Rinkel, and
R.E. Smith, eds. A summary of knowledge of the eastern Gulf of Mexico,
1973. Institute of Oceanography, State University System of Florida, St.
Petersburg.

Caldwell, D.K., and M.C. Caldwell. 1975. Pygmy killer whales and short-snouted
spinner dolphins in Florida. Cetology 18:1-5.

Caldwell, D.K., and M.C. Caldwell. 1978. Cetaceans, pp. 49-52. In ]. N. Layne, ed.
Rare and endangered biota of Florida, volume I: Mammals. University of
Florida Press, Gainesville.

Clark, A.H. 1884. The fisheries and fishery industries of the United States,
pp. 7-32. In G. B. Goode, ed. The Fisheries and fishery industries of the
United States, section I. Natural history of useful aquatic animals.
United States Commission of Fish and Fisheries, Washington, D.C.

Cummings, W.C. 1985. Bryde's whale Balaenoptera edeni Anderson, 1878,
pp. 137-154. In S. H. Ridgway and R. Harrison, eds. Handbook of marine
mammals, volume 3: The sirenians and baleen whales. Academic Press,
San Diego.

Cuni, L.A. 1918. Contribucion al estudio de mamiferos acuaticos observados en
las costas de Cuba. Mem. Soc. Cubana Hist. Nat. "Felipe Poey" 3:83-123.

Darnell, R.M., and N.W. Phillips. 1988. Conceptual modeling, pp 353-411. In
N.W. Phillips and B.M. James, eds. Offshore Texas and Louisiana marine
ecosystem data synthesis, Volume II: Synthesis report. OCS Study MMS
88-0067. U.S. Dept. of the Interior, Minerals Management Service, Gulf
of Mexico OCS Regional Office, New Orleans, LA.

Davis, W.B. 1978. The mammals of Texas. Tex. Parks Wildl. Dep. Bull. 41. 294 pp.

Dorf, B.A. 1982. Oceanographic factors and cetacean distributions at two sites
in the Gulf of Mexico. M.Sc. Thesis. Texas A&M University, College
Station. 121 pp.

Elliot B.A. 1982. Anticyclonic rings in the Gulf of Mexico. ]. Phys. Oceanogr.
12:1292-1309.



Esher, R.]J., C. Levenson, and T.D. Drummer. 1992. Aerial surveys of
endangered and protected species in the EMPRESS II ship trial operating
area in the Gulf of Mexico. Rept. NRL/MR/7174-92-7002. Naval
Research Laboratory, Stennis Space Center, MS. 52 pp.

Evans, W.E. 1994. Common dolphin, white-bellied porpoise Delphinus delphis
Linnaeus, 1758, pp. 191-224. In S. H. Ridgway and R. Harrison, eds.
Handbook of marine mammals, volume 5: The first book of dolphins.
Academic Press, San Diego.

Florida A&M University. 1988. Meteorlogical database and synthesis for the
Gulf of Mexico. OCS Study MMS 83-0064. U.S. Dept. of the Interior,
Minerals Management Service, Gulf of Mexico OCS Regional Office, New
Orleans, LA. 486 pp.

Fritts, T.H., and R.P. Reynolds. 1981. Pilot study of the marine mammals, birds
and turtles in the OCS areas of the Gulf of Mexico. Rept. FWS/OBS-81/36.
U.S. Fish and Wildlife Services, Washington, D.C. 139 pp.

Fritts, T.H., A.B. Irvine, R.D. Jennings, L.A. Collum, W. Hoffman, and
M.A. McGehee. 1983. Turtles, birds, and mammals in the northern Gulf
of Mexico and nearby Atlantic waters. Rept. FWS/OBS-82/65. U.S. Fish
and Wildlife Services, Washington, D.C. 455 pp.

Fuentes A., L.R. Sanchez T., and A.L. Aguayo 1986. Observaciones de cetaceos, a
bordo de B/O Justo Sierra, durante la Campaiia oceanografica Yucatan V.
Noviembre-Diciembre de 1985. Unpublished manuscript. 10 pp.

Gambell, R. 1985. Sei whale Balaenoptera borealis Lesson, 1828, pp. 155-170.
In S.H. Ridgway and R. Harrison, eds. Handbook of marine mammals,
volume 3: The sirenians and baleen whales. Academic Press, San Diego.

Gruber, J.A. 1981. Ecology of the Atlantic bottlenosed dolphin (Tursiops
truncatus) in the Pass Cavallo area of Matagorda bay, Texas. M.Sc.
Thesis. Texas A&M University, College Station. 182 pp.

Gunter, G. 1955. Blainville's beaked whale, Mesoplodon densirostris, on the
Texas coast. J. Mammal. 36:573-574.

Handley, C.O., Jr. 1966. A synopsis of the genus Kogia (pygmy sperm whales),
pp. 62-69. In K.S. Norris, ed. Whales, dolphins, and porpoises.
University of California Press, Berkeley.

Harris, S.A. 1986. Beached! Louis. Conserv. 38:18-22.

Herring, H. J. 1993. A bathymetric and hydrographic climatological atlas for
the Gulf of Mexico. MMS Contract No. 14-12-0001-30631. Dynalysis Rept.
109 to the U.S. Department of the Interior, Minerals Management
Service, Technical Analysis Group, Herndon, VA. Var. pp.



Hersh, S.L., and D.K. Odell. 1986. Mass stranding of Fraser's dolphin,
Lagenodelphis hosei, in the western North Atlantic. Mar. Mamm. Sci.
2:73-76.

Heyning, J.E. 1989. Cuvier's beaked whale Ziphius cavirostris G. Cuvier, 1823,
pp. 289-308. In S.H. Ridgway and R. Harrison, eds. Handbook of marine
mammals, volume 4: River dolphins and the larger toothed whales.
Academic Press, San Diego.

Heyning, J.E., and M.E. Dahlheim. 1988. Orcinus orca. Mamm. Species 304:1-9.

Heyning, J.E., and W.F. Perrin. 1994. Evidence for two species of common
dolphins (genus Delphinus) from the eastern North Pacific. Nat. Hist.
Mus. of Los Ang. Cty Contrib. Sci. 442. 35 pp.

Hofmann, E.E, and S.J. Worley. 1986. An investigation of the circulation of the
Gulf of Mexico. J. Geophys. Res. 91:14221-14236.

Ichiye, T. 1967. Circulation and water mass distribution in the Gulf of Mexico.
Geofis. Int. 2:47-76.

Jefferson, T.A. and S.K. Lynn. 1994. Marine mammal sightings in the
Caribbean Sea and Gulf of Mexico, Summer 1991. Car. ]. Sci. 30:83-89.

Jefferson, T.A., S. Leatherwood, L.K.M. Shoda, and R.L. Pitman. 1992. Marine
mammals of the Gulf of Mexico: A field guide for aerial and shipboard
observers. Texas A&M University Printing Center, College Station. 92

pp-

Jefferson, T.A., D.K. Odell, and K.T. Prunier. 1995. Notes on the biology of the
clymene dolphin (Stenella clymene) in the northern Gulf of Mexico.
Mar. Mamm. Sci. 11:564-573.

Jockens A., G.S. Fargion and R. Leben. 1994. Observation of the fate of Eddy V:
April-June 1993. EOS 75:212.

Johnson, D.R, L.J. Hansen, and K.D. Mullin. 1991. Highlights of vessel surveys
in the offshore waters of the Gulf of Mexico, 1990-1991, p. 36. In
Abstracts of the Ninth Biennial Conference on the Biology of Marine
Mammals, 5-9 December, 1991, Chicago, IL.

Jones, J.I. 1973. Physical oceanography of the northeast Gulf of Mexico and
Florida continental shelf area, pp. IIB-1 to I1IE-69. In J.I. Jones,
R.E. Ring, M.O. Rinkel, and R.E. Smith, eds. A summary of knowledge of
the eastern Gulf of Mexico. Institute of Oceanography, State University
System of Florida, St. Petersburg.

Katona, S.K. and J.A. Beard. 1991. Humpback whales (Megaptera novaeangliae)
in the western North Atlantic Ocean. Mem. Queensl. Mus. 30:307-321.



Katona, S.K., J.A. Beard, P.E. Girton, and F. Wenzel. 1988. Killer whales (Orcinus
orca) from the Bay of Fundy to the Equator, including the Gulf of
Mexico. Rit Fiskideildar 11:205-224.

Kelly, F.J. 1988. Physical oceanography and meteorology, pp. 98-101. In
N.W. Phillips and B.M. James, eds. Offshore Texas and Louisiana marine
ecosystems data synthesis, volume II: Synthesis report. OCS Study MMS
88-0067. U.S. Dept. of the Interior, Minerals Management Service, Gulf
of Mexico OCS Regional Office, New Orleans, LA.

Kennett, J.P. 1982. Marine geology. Prentice-Hall, Inc., Englewood Cliffs. 813
pp-

Kraus, S.D., J.D. Prescott, and A. Knowlton. 1987. Wintering right whales along
the southeastern U.S.: A primary calving ground, pp. 148-156. In
R.R. Odom, K.A. Riddleberger, and ]J.C. Ozler, eds. Proceedings of the
Third Southeastern Nongame and Endangered Wildlife Symposium.
Georgia Dep. Nat. Res.

Kruse, S., D.K. Caldwell, and M.C. Caldwell. In press. Risso's dolphin Grampus
griseus (G. Cuvier, 1812). In S.H. Ridgway and R. Harrison, eds.
Handbook of marine mammals, volume 6: The second book of dolphins
and the porpoises. Academic Press, San Diego.

Layne, J.N. 1965. Observations on marine mammals in Florida waters. Fla.
State Mus. Bull. 9:131-181.

Leatherwood, S. and R.R. Reeves. 1983. Abundance of bottlenose dolphins in
Corpus Christi Bay and coastal southern Texas. Contrib. Mar. Sci. 26:179-
199.

Leatherwood, S., J.R. Gilbert, and D.G. Chapman. 1978. An evaluation of some
techniques for aerial censuses of bottlenosed dolphins. J. Wildl. Manag.
42:239-250.

Leatherwood, S., T.A. Jefferson, J.C. Norris, W.E. Stevens, L.J. Hansen, and
K.D. Mullin. 1993. Occurrence and sounds of Fraser's dolphins
(Lagenodelphis hosei) in the Gulf of Mexico. Tex. J. Sci. 45:349-354.

Lodi, L., and B. Fiori. 1987. Oservacides sobre o comportamento do golfhino
rotodor; Stenella longirostris (Cetacea, Delphinidae) na ilha de
Fernando de Norohna - Brasil, pp. 60-68. In Anais da 22 Reuniido de
Trabalho de Especialistas em Mamiferos Aquaticos de America do Sul.
Fundacéo Brasileira para a Conservacao da Natureza.

Lohrenz, S.E., M.]. Dagg, and T.E. Whitledge. 1990. Enhanced primary
production at the plume/oceanic interface of the Mississippi River.
Cont. Shelf Res. 10: 639-664.

Lowery, Jr., G.H. 1943. Check-list of the mammals of Louisiana and adjacent
waters. Occas. Pap. Mus. Zool., Louisiana State Univ. 13:213-257.

47



Lowery, Jr., G.H. 1974. The mammals of Louisiana and its adjacent waters.
Louisiana State University Press, Baton Rouge. 565 pp.

Marmer, H.A. 1954. Tides and sea level in the Gulf of Mexico.
U.S. Fish and Wildl. Service Fish. Bull. 55:101-118.

Mead, J.G. 1975. Distribution of cetaceans along the Atlantic and Gulf coasts of
the United States. Unpublished manuscript. 26 pp.

Mead, J.G. 1989. Beaked whales of the genus Mesoplodon, pp. 349-430. In
S.H. Ridgway and R. Harrison, eds. Handbook of marine mammals,
volume 4: River dolphins and the larger toothed whales. Academic
Press, San Diego.

Merrell, W.]., and J.M. Morrison. 1981. On the circulation of the western Gulf
of Mexico with observations from April 1978. ]. Geophys. Res. 86:4181-
4185.

Merrell, W.]., and A.M. Vazquez. 1983. Observations of changing mesoscale
circulation patterns in the western Gulf of Mexico. J. Geophys. Res.
88:7721-7723.

Milliam, J.D., and R.H. Meade. 1983. World-wide deliveryv of river sediment to
the ocean. J. Geol. 91: 1-21.

Mills, L.R., K. Rademacher, J.H. Cowan, and C. Rogers. 1993. Distribution and
group sizes of the Atlantic spotted dolphin (Stenella frontalis) in the
Gulf of Mexico, p.77. In Abstracts of the Tenth Biennial Conference on
the Biology of Marine Mammals, November 11-14, 1993, Galveston, TX.

Mitchell, EED. 1991. Winter records of the minke whale (Balaenoptera
acutorostrata Lacepede 1804) in the southern North Atlantic. Rep. Int.
Whal. Comm. 41:455-457.

Miyazaki, N., and W.F. Perrin. 1994. Rough-toothed dolphin Steno bredanensis
(Lesson, 1828), pp. 1-21. In S.H. Ridgway and R. Harrison, eds. Handbook
of marine mammals, volume 5: The first book of dolphins. Academic
Press, San Diego.

Moore, J.C. 1953. Distribution of marine mammals in Florida waters. Am. Midl.
Nat. 49:117-158.

Moore, ]J.C., and E. Clark. 1963. Discovery of right whales in the Gulf of Mexico.
Science 141:269.

Morrison, J.M., W.]J. Merrell, Jr., R. Key, and T.C. Key. 1983. Property
distributions and deep chemical measurements within the western Gulf
of Mexico. J. Geophys. Res. 88:2601-2608.

Mullin, K.D., R.R. Lohoefener, W. Hoggard, C.L. Roden, and C.M. Rogers. 1990.

Abundance of bottlenose dolphins, Tursiops truncatus, in the coastal
Gulf of Mexico. Northeast Gulf Sci. 11:113-122.

48



Mullin, K., W. Hoggard, C. Roden, R. Lohoefener, C. Rogers, and B. Taggart.
1991. Cetaceans on the upper continental slope in the north-central
Gulf of Mexico. OCS Study MMS 91-0027. U.S. Dept. of the Interior,
Mineral Management Service, Gulf of Mexico OCS Regional Office, New
Orleans, LA. 108 pp.

Mullin, K.D., L.V. Higgins, T.A. Jefferson, and L.J. Hansen. 1994a. Sightings of
the clymene dolphin (Stenella clymene) in the Gulf of Mexico. Mar.
Mamm. Sci. 10:464-470.

Mullin, K.D., T.A. Jefferson, L.J. Hansen, and W. Hoggard. 1994b. First
sightings of melon-headed whales (Peponocephala electra) in the Gulf
of Mexico. Mar. Mamm. Sci. 10:342-348.

Nowlin, W.D., Jr. and H.]J. McLellan. 1967. A characterization of the Gulf of
Mexico waters in winter. J. Mar. Res. 25:29-59.

Odell, D.K. 1991. A review of the southeastern United States Marine Mammal
Stranding Network: 1978-1987, pp. 19-23. In J.E. Reynolds and D.O. Odell,
eds. Marine mammal strandings in the United States. NOAA Tech. Rept.
NMES 98. National Marine Fisheries Service, Miami, FL.

Odell, D.K. and J.E. Reynolds, IIl. 1980. Abundance of the bottlenose dolphin,
Tursiops truncatus, on the west coast of Florida. Rept. MMC-75/16.
Marine Mammal Commission, Washington, D.C. 47 pp.

Parr A.E. 1935. Report on hydrographic observations in the Gulf of Mexico
and adjacent strait made during the Yale Oceanographic Expedition of
Mabel Taylor in 1932. Bull. Bingham Oceanogr. Coll. 5:1-92.

Paul, J.R. 1968. Risso's dolphin, Grampus griseus, in the Gulf of Mexico.
J. Mammal. 49:746-748.

Perrin, W.F., and J.W. Gilpatrick, Jr. 1994. Spinner dolphin Stenella
longirotris (Gray, 1828), pp. 99-128. In S.H. Ridgway and R. Harrison,
eds. Handbook of marine mammals, volume 5: The first book of dolphins.
Academic Press, San Diego.

Perrin, W.F., and A.A. Hohn. 1994. Pantropical spotted dolphin Stenella
attenuata., pp. 71-98. In S.H. Ridgway and R. Harrison, eds. Handbook of
marine mammals, volume 5: The first book of dolphins. Academic Press,
San Diego.

Perrin, W.F., and J.G. Mead. 1994. Clymene dolphin Stenella clymene (Gray,
1846), pp. 161-171. In S.H. Ridgway and R. Harrison, eds. Handbook of
marine mammals, volume 5: The first book of dolphins. Academic Press,
San Diego.

Perrin, W.F., E.D. Mitchell, J.G. Mead, D.K. Caldwell, and P.]J.H. van Bree. 1981.
Stenella clymene, a rediscovered tropical dolphin of the Atlantic.
J. Mammal. 62:583-598.

4



Perrin, W.F., E.D. Mitchell, J.G. Mead, D.K. Caldwell, M.C. Caldwell, P.J.H. van
Bree, and W.H. Dawbin. 1987. Revision of the spotted dolphins, Stenella
spp. Mar. Mamm. Sci. 3:99-170.

Perrin, W.F., D.K. Caldwell, and M.C. Caldwell. 1994a. Atlantic spotted dolphin
Stenella frontalis (G. Cuvier, 1829), pp. 173-190. In S.H. Ridgway and
R. Harrison, eds. Handbook of marine mammals, volume 5: The first
book of dolphins. Academic Press, San Diego.

Perrin, W.F., S. Leatherwood, and A. Collet. 1994b. Fraser's dolphin
Lagenodelphis hosei Fraser, 1956, pp. 225-240. In S.H. Ridgway and
R. Harrison, eds. Handbook of marine mammals, volume 5: The first
book of dolphins. Academic Press, San Diego.

Perrin, W.F., C.E. Wilson, and F.I. Archer II. 1994c. Striped dolphin Stenella
coeruleoalba (Meyen, 1833), pp. 129-159. In S.H. Ridgway and
R. Harrison, eds. Handbook of marine mammals, volume 5: The first
book of dolphins. Academic Press, San Diego.

Perryman, W.L., D.W.K. Au, S. Leatherwood, and T.A. Jefferson. 1994. Melon-
headed whale Peponocephala electra Gray, 1846, pp. 363-386. In
S.H. Ridgway and R. Harrison, eds. Handbook of marine mammals,
volume 5: The first book of dolphins. Academic Press, San Diego.

Rabalais, N.N., R.E. Turner, W.J. Weiseman, and D.F. Boesh. 1991. A brief
summary of hypoxia on the northern Gulf of Mexico continental shelf:
1985- 1988, pp 35-47. In R.V. Tyson and T.H. Pearson, eds. Modern and
ancient continental shelf anoxia. London Geological Society, London.

Reyes, ].C., J.G. Mead, and K. van Waerebeek. 1991. A new species of beaked
whale Mesoplodon peruvianus sp. n. (Cetacea: Ziphiidae) from Peru.
Mar. Mamm. Sci. 7:1-24.

Rice, D.W. 1989. Sperm whale Physeter macrocephalus Linnaeus, 1758,
pp. 177-233. In S.H. Ridgway and R. Harrison, eds. Handbook of marine
mammals, volume 4: River dolphins and the larger toothed whales.
Academic Press, San Diego.

Roden, C.L., W. Hoggard, and L.J. Hansen. 1993. Killer whales (Orcinus orca) in
the Gulf of Mexico, pp. 91. In Abstracts of the Tenth Biennial
Conference on the Biology of Marine Mammals, November 11-14, 1993,
Galveston, TX.

Ross, G.].B., and S. Leatherwood. 1994. Pygmy Kkiller whale Feresa attenuata
Gray, 1874, pp. 387-404. In S.H. Ridgway and R. Harrison, eds. Handbook
of marine mammals, volume 5: The first book of dolphins. Academic
Press, San Diego.

Schmidly, D.J. 1981. Marine mammals of the southeastern United States coast

and the Gulf of Mexico. Rept. FWS/0OBS-80/41. U.S. Fish and Wildlife
Service, Office of Biological Services, Washington, D.C. 163 pp.

50



Schmidly, D.J., and B.A. Melcher. 1974. Annotated checklist and key to the
cetaceans of Texas waters. Southwest. Nat. 18:453-464.

Schmidly, D.]., and S.H. Shane. 1978. A biological assessment of the cetacean
fauna of the Texas coast. Rept. MMC-74/05. Marine Mammal
Commission, Washington, D.C. 38 pp.

Schmidly, D.J., and M.L. Scarbrough. 1990. Marine mammals of the Gulf of
Mexico: Past, present, and future, pp. 59-76. In Sea turtles and marine
mammals of the Gulf of Mexico. OCS Study MMS 90-0009. U.S. Dept. of the
Interior, Minerals Management Service, Gulf of Mexico OCS Regional
Office, New Orleans, LA.

Schmidly, D.J., M.H. Beleau, and H. Hildebran. 1972a. First record of Cuvier's
dolphin from the Gulf of Mexico with comments on the taxonomic status
of Stenella frontalis. J. Mammal. 53:625-628.

Schmidly, D.]J., C.0. Martin, and G.F. Collins. 1972b. First occurrence of a black
right whale (Balaena glacialis) along the Texas coast. Southwest. Nat.
17:214-215.

Schroeder, W.W., L. Berner, Jr., and W.D. Nowlin, Jr. 1974. The oceanic waters
of the Gulf of Mexico and Yucatan Strait during july 1969. Bull. Mar. Sci.
24:1-19.

Scott, G.P., D.M. Burn, L.]J. Hansen, and R.E. Owen. 1989. Estimates of bottlenose
dolphin abundance in the Gulf of Mexico from regional aerial surveys.
Unpublished report. 70 pp.

Smith N.P. 1980. On the hydrography of the shelf waters off the central Texas
Gulf coast. J. Phys. Ocean. 10:806-813.

Stacey, P.J., S. Leatherwood, and R.W. Baird. 1994. Pseudorca crassidens.
Mamm. Species 456:1-6.

Sturges, W. and J.P. Blaha. 1976. A western boundary current in the Gulf of
Mexico. Science 192:367.

Sverdrup, H.U., M.W. Johnson, R.H. Fleming. 1949. The oceans: Their physics,
chemistry, and general biology. Prentice-Hall, Inc. Englewood Cliffs.
1087 pp.

Tarpley, R.J. 1987. Texas Marine Mammal Stranding Network. Southwest. Vet.
38:51-58.

Tershy, B.R.,, and D. Breese. 1991. Sightings and feeding of gray whales in the
northern Gulf of California. J. Mammal. 72:830-831.

Townsend, C.H. 1935. The distribution of certain whales as shown by logbook
records of American whaleships. Zoologica 19/20:3-50.

31



Uchupi, E, and K.O. Emery. 1968. Structure of the continental margin off the
Gulf Coast of the United States. Amer. Assoc. Petrol. Geol. Bull. 52:1162-
1193.

USGS. 1992. National water conditions: Streamflow during August 1992.
U.S. Dept. of the Interior, Geological Service, Reston, VA. 27 pp.

USGS. 1993a. National water conditions: Streamflow during january 1993.
U.S. Dept. of the Interior, Geological Service, Reston, VA. 27 pp.

USGS. 1993b. National water conditions: Streamflow during August 1993.
U.S. Dept. of the Interior, Geological Service, Reston, VA. 15 pp.

Urbairi-Ramirez, J. and A. Aguayo-Lobo. 1983. Observaciones de mamiferos
marinos a bordo del B/O Justo Sierra durante la camparia oceanografica
Yucatan I. Mayo de 1983. Unpublished manuscript. 10 pp.

Vidal, V.M.N,, F.V. Vidal, and J.M. Perez. 1990. Atlas oceanografico del Golfo de
Mexico, vol 2, 450. Instituto de Investigaciones Electricas, Cuernavaca,
Mexico.

Vidal, V.M.N,, E.V. Vidal, and ]J.M. Pérez-Molero. 1992. Collision of a loop
current anticyclonic ring against the continental slope of the western
Gulf of Mexico. ]. Geophys. Res. 97:2155-2172.

Vidal, V.M.N,, F.V. Vidal, A. F. Hernandez, E. Meza, and J.M. Perez-Molero. 1994.
Baroclinic flows, transport, and kinematic properties in a cyclonic-
anticyclonic-cyclonic ring triad in the Gulf of Mexico. J. Geophys. Res.
99:7571-7597.

Vukovich, F.M., and P. Hamilton. 1990. New atlas of front locations in the Gulf
of Mexico, pp. 163-168. In Proceedings of the Tenth Annual Gulf of
Mexico Information Transfer Meeting, December 1989. OCS Study MMS
90-0027. U.S. Dept. of the Interior, Minerals Management Service, Gulf
of Mexico OCS Regional Office, New Orleans, LA. 440 pp.

Waldo, E. 1957. Whales in the Gulf of Mexico. Louis. Conserv. 9:14-15.

Walker, N.D., and L.J. Rouse. 1993. Satellite assessment of Mississippi river
discharge plume variability. OCS Study MMS 93-004. U.S. Dept. of the
Interior, Minerals Management Service, Gulf of Mexico OCS Regional
Office, New Orleans, LA. 50 pp.

Walker, N.D., L.J. Rouse, G.S. Fargion, and D. Biggs. 1994. Circulation of
Mississippi River water discharged into the northern Gulf of Mexico by
the great flood of summer 1993. EOS 75:4109-4115.

Weber, M., RT. Townsend, and R. Bierce. 1990. Environmental quality in the
Gulf of Mexico: A citizen's guide. Center for Marine Conservation,
Washington, D.C. 130 pp.



Weller, D.W.,, A.]. Schiro, V.G. Cockcroft, and Wang Ding. In press. First record
of a humpback whale (Megaptera novaeangliae) in the western Gulf of
Mexico. Mar. Mamm. Sci. 12(1).

53



III. VISUAL SURVEYS ABOARD SHIPS AND AIRCRAFT
L.]J. Hansen, K.D. Mullin, T.A. Jefferson, and G.P. Scott

3.1 Introduction

Studies of continental slope waters of the northern Gulf of Mexico (Fritts et al.
1983, Mullin et al. 1994c¢) indicated that cetaceans were diverse (at least 18
species) and that some species (e.g., sperm whale, Risso's dolphin, pantropical
spotted dolphin), at least seasonally, were relatively abundant. However, these
studies were restricted to relatively small geographic areas and the results
could not be meaningfully extrapolated to a broader region of the Gulf of
Mexico. Therefore, information on the seasonal abundance and distribution of
cetaceans in the slope waters of the entire north-central and western Gulf of
Mexico (i.e., the GulfCet study area) was not available to the MMS. In order to
meet these information needs, seasonal line transect surveys of the GulfCet
study area from ship and aircraft platforms were conducted. Line transect
surveys are the established and standard method for assessing cetacean
density and abundance over large geographic areas (Buckland et al. 1993).
Ships were used to survey the entire GulfCet study area. Aircraft were used to
provide faster but more fine-scale seasonal surveys of a subregion of the study
area. The primary objectives of the GulfCet visual aerial and ship surveys
were: 1) to obtain data on the cetacean species composition in the GulfCet study
area, 2) to obtain a minimum population estimate of each cetacean species
encountered in order to establish a baseline for monitoring trends in
abundance over time, 3) to study the seasonal abundance and distribution
patterns of each species, and 4) to collect location data for use in cetacean
habitat studies. The surveys were conducted for two years as a first step in
studying interannual and intraseasonal variation in the diversity, abundance,
and distribution of cetaceans in the north-central and western Gulf.
Additionally, line transect data from each sea turtle species sighted during the
aerial surveys were used to estimate sea turtle abundance.

3.2 Methods
3.2.1 Data Acquisition
3.2.1.1 Ship Surveys

Shipboard surveys were conducted seasonally, lasting from 10 to 55 days per
survey. Seasons were defined as follows for both the ship and aerial surveys:
summer, July-September; fall, October-December; winter, January-March; and
spring, April-June. The survey tracks followed one of three designs that
sampled the entire GulfCet study area. The TIO surveys followed fixed north-
south track-lines that were designed to accommodate oceanographic sampling
as well as visual and acoustic sampling of marine mammals (Figure 3.1). The
ship transited the track once each survey for 24 hours a day, and visual
sampling occured during daylight hours on the north-south track-lines or on
transit between the track-lines. The SEFSC surveys followed two transect line
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Figure 3.1. R/V Longhorn and R/V Pelican marine mammal visual and acoustic track-lines. This transect

was completely or partially surveyed during spring, summer, and fall of 1992, and the winter,
spring, summer, and fall of 1993. The 100 and 2,000 m isobaths define the northern and southern

borders of the study area.



designs, sampling the study area three times each survey period. The spring
SEFSC surveys consisted of one or two transits of equidistant north-south
tracks (surveyed during daylight hours) with a random start (Figure 3.2), and
one or two transits of a predetermined track for sampling ichthyoplankton
stations, which were transited 24 hours a day (Figure 3.3). The winter SEFSC
survey transited the north-south tracks three times. Visual sampling of the
ichthyoplankton track could be latitudinal or longitudinal, or a combination of
both. The SEFSC north-south tracks were designed specifically for visual
sampling of marine mammals along transects perpendicular to the depth
gradient.

Visual sampling methods of the TIO and SEFSC surveys were similar except for
the slower vessel speed on the TIO surveys (varying from 9.3-17 km/hr) than
the SEFSC surveys (18 km/hr). Marine mammal sighting data were collected by
two teams of three observers during daylight hours, weather permitting (i.e.,
no rain, Beaufort sea state <6), using standard vessel survey data collection
methods for cetaceans developed by the Southwest Fisheries Science Center
(NMFS) (Holt and Sexton 1987). Each team had at least two members trained and
experienced in shipboard marine mammal observation and identification
techniques. Two observers searched for marine mammals using high-power
(25X), large format "Big Eye" binoculars mounted on the ship's flying bridge.
The third observer maintained a search of the area near the track-line either
without visual aids or with handheld binoculars, and recorded data. The
observers rotated through each of these three stations every 30-40 minutes,
and each team alternated two-hour watches throughout daylight.

Sighting data were recorded on a computer interfaced with either a global
positioning system (GPS) or LORAN-C navigation receiver via a data
acquisition program during the SEFSC surveys. On TIO surveys data were
recorded on standard marine mammal visual sampling forms developed by
NMES (see Hill et al. 1991). Data collected included species, group size, bearing
and reticle (a measure of radial distance) of a sighting, and data on
environmental conditions (e.g., Beaufort sea state, sun position, etc.) which
could affect the observers' ability to sight animals. The reticle relative to a
sighting was measured using an eyepiece with a graduated scale in the
binoculars. The bearing of a sighting relative to the track-line was measured
using a 360° graduated scale attached to the base of the binoculars (Figure 3.4).
Ancillary data were also collected and included, but were not limited to, time of
day, latitude and longitude, behavior, and associated animals. Typically, on the
SEFSC surveys, the vessel was diverted from the track-line to identify species
and obtain group size estimates. For each sighting, the final group size
estimate was the average of the independent estimates made by individual
observers and entered in a personal notebook.

During both the ship and aerial surveys, cetaceans were identified to the
lowest taxonomic level possible based on descriptions in field guides and
scientific literature (e.g., Leatherwood et al. 1976, Leatherwood and Reeves
1983, Perrin et al. 1987). The ability to make an identification was dependent
on water clarity, sea state, and animal behavior. Identifications to species were
not possible for some genera or groups of species. In some cases, cetaceans
could only be identified as large whales (>7 m long), small whales (non-
dolphin, <7 m), dolphins, or odontocetes.
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Figure 3.2. Representative NOAA Ship Oregon II marine mammal cruise
track. A systematic set of lines from a random start similar to this
track was completely or partially surveyed three times during
winter 1993, and one time each during spring 1992-1994. The 100
and 2,000 m isobaths define the northern and southern borders of
the GulfCet study area.
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Figure 3.3. NOAA Ship Oregon II standard ichthyoplankton/marine mammal

cruise track. This track was completely or partially surveyed two
times each spring from 1992-1994. The 100 and 2000 m isobaths
define the northern and southern borders, respectively, of the
GulfCet study area.
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sighting parameters for shipboard (A) and aerial (B) surveys (b
and 6 = angle between track-line and cetacean group,
h = altitude).

The SEFSC data were error-checked daily with programs designed to detect
inappropriate entries in each data field. The original data file was copied, and
corrections were made on the copy only. The TIO data were checked by hand,
and corrections were noted on the original data sheets.

The sighting and effort data were summarized by survey for the line transect
distance sampling analysis. The sample unit for analyses was one day's survey
effort. The length of track-line sampled was determined using LORAN or GPS
positions (latitude and longitude) collected at regular intervals (usually every
two minutes during the SEFSC surveys, and every 30 minutes during the TIO
surveys) along the transect. In some cases, the positions were known to be in
error and effort was determined using the elapsed time and average vessel
speed. Effort and sighting data were pooled across environmental conditions
that may have had different sighting rates due to effects on observers'
abilities to sight animals (i.e., sighting rates tended to decrease as wind and
wave height increased).
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3.2.1.2 Aerial Surveys

Based on several considerations, including projected availability of acceptable
survey conditions, available funding, and flight times to the study area, the
aerial surveys were designed to survey track-lines totaling about 6,400 km
each season. Given this constraint and the width of both the continental shelf
and slope in the northwestern Gulf, it would have been logistically difficult to
uniformly cover the entire GulfCet study area and keep the distance between
transects small for both efficient use of flight-time and finer scale coverage.
Therefore, the aerial surveys did not sample the entire GulfCet study area. The
aerial survey study area (85,815 km?) only included waters from 100-1,000 m
deep west of 90°00.0'W. However, the entire continental slope was surveyed
east of 90°00.0'W because: (1) it was logistically more feasible (i.e., both the
slope and shelf are narrow); (2) the area was of special interest because
previous aerial surveys of the area (Mullin et al. 1994¢) indicated that cetacean
diversity, distribution, and abundance in this area were seasonally variable;
and (3) this area is oceanographically and physiographically complex (e.g.,
Mississippi Canyon, DeSoto Canyon, Mississippi River Delta, and the Loop
Current).

Aerial surveys were conducted once each season for two years, from summer
1992 through spring 1994 (eight seasonal surveys). During each season, the
aerial survey study area was covered uniformly by flying 74 track-lines
placed equidistantly apart from a random start. Track-lines were oriented
perpendicular to the bathymetry and consisted of 60 north-south track-lines
off the Alabama coast, west, through northern Texas, and 14 east-west track-
lines off of southern Texas (Figure 3.5). Track-lines were 13.5 km apart. A
window of 45-days and about 100 flight hours was allocated for each seasonal
survey. Survey flights were conducted only on days with good visibility (i.e.,
no rain or fog) and when there were no or few whitecaps (Beaufort Sea State

0-3).

The survey platform was a NOAA-operated DeHavilland Twin Otter (twin-
engine turbo-prop) aircraft modified with a large bubble window on each side.
These windows provided observers with track-line visibility. This aircraft was
used in previous aerial surveys of the Gulf of Mexico in 1989-90 (Mullin et al.
1994c). Because a NOAA Twin Otter was not available for the first survey
(summer 1992), a similarly modified Partenavia aircraft was used. This aircraft
had a flight time of only 4.5 hours. As the transit time to the study area was
about one hour, this limited the amount of survey time per flight. The Twin
Otter, with a flight time of 6.5 hours, was used for the fall 1992 and all
subsequent GulfCet aerial surveys.

Survey flights typically began at 0800 hours and were 4.5-6.5 hours in
duration. Surveys were conducted from an altitude of 229 m (750 feet) and at a
speed of 204 km/hour (110 knots). A pilot, co-pilot, and three observers
participated in each flight. At least two observers on each flight were trained
and experienced in aerial survey techniques for marine mammals. The
observers were stationed at each of the two bubble windows and at a computer
(data entry) station. Observers searched waters primarily on and near the
track-line and scanned periodically out to the horizon. Only sightings made
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from the bubble window stations were used in the abundance estimates. To
avoid fatigue, observers rotated through stations about every 30 minutes. Pilots
and observers communicated through headsets with voice-activated
microphones.

Data were entered on a computer interfaced with a GPS/LORAN-C navigation
receiver via a data acquisition program. Sighting data included species, group
size, and sighting angle or interval (for estimating perpendicular sighting
distance). A suite of data characterizing survey conditions (e.g., sea state,
weather, visibility, water color), effort status, and observer positions were
updated throughout the day whenever a change in any parameter occurred.
The date, time, and location were automatically recorded with each sighting.

The sighting angle between the group and the track-line was measured with
an inclinometer if the angle was less than 60°. Each bubble window was also
divided into seven 10° intervals and one interval >70° corresponding to
interval endpoints with perpendicular sighting distances (PSD) equal to 40, 83,
132, 192, 273, 397, and 629 or >629 m (see Figure 3.4). If the inclinometer
malfunctioned or the sighting angle was greater than 60°, the interval was
recorded.

When a cetacean group was sighted, sighting angle or the interval was noted,
a dye-marker was usually dropped to mark the position, and the aircraft was
diverted to circle the group. Before continuing the transect, the species was
identified and group size was estimated by a consensus of the three observers.
The identifying characteristics of each species and any anecdotal information
were noted on a standardized form.

3.2.2 Data Analysis Techniques

Line transect methods (Buckland et al. 1993), implemented with the program
DISTANCE™ (Laake et al. 1993), were used to make two independent sets of
abundance estimates; one set based on the aerial surveys and the other based
on the ship surveys. For aerial surveys, estimates were made for the following
species and temporal strata: (1) each species for the entire study (i.e., all eight
seasonal surveys combined); (2) all species combined for each year of the
study (Year 1= 8/92-4/93, Year 2= 8/93-5/94), each seasonal survey (e.g., winter
1993), and each season (e.g., summer 1992 and summer 1993 combined); and (3)
each species with 20 or more on-effort sightings for each year of the study
and for each season. For the ship surveys, estimates were made for each
species by season and overall (all seasons combined).

The formula used to estimate density (D) was:

_ n-S-f(0)
D= 2-L

where n= number of on-effort group sightings
S= mean group size or expected group size
f(0)= sighting probability density function at O perpendicular distance
L = length of track-lines sampled within a stratum.






3.2.2.1 Estimation of Perpendicular Sighting Distance and f(0)
Ship Survevs

The perpendicular sighting distance (PSD) was estimated using bearing and
reticle measurements. Examination of the bearing and reticle measurements
indicated that most were rounded to the nearest 5 units (5 degrees for bearing,
0.5 for reticle readings). The bearing and reticle data for each sighting were
smeared by adding a randomly selected value between -5 and 5 for the bearing,
and between -0.5 and 0.5 for the reticle readings. This was done to reduce the
potential for artificial grouping of sighting distances due to rounding of
measurements by observers.

The smeared reticle readings were converted to radial sighting distances (R)
using a model which was derived from empirical data (Hansen et al. 1995).
Perpendicular sighting distances (PSD) were calculated as (Figure 3.4):

PSD = R-sin(b)
where b = smeared angle between sighting and trackline.

An exploratory analysis indicated that sightings made at small radial distances
(generally < 0.46 km) resulted in a poor fit of the sighting probability density
function. Exclusion of these sightings resulted in better fits and more precise
estimates of f(0). Most of these sightings were probably of animals that were
attracted to the vessel to bowride. One requirement for unbiased estimates of
abundance is that the sighting target(s) should not move in response to the
observer or the observation platform (Burnham et al. 1980, Buckland et al.
1993). To reduce the potential for bias due to attraction to the vessel, only
sightings made at radial distances of > 0.46 km were included in the data used
for estimating abundance.

The sample sizes (number of groups sighted) of most species were considered
insufficient to obtain accurate and precise estimates of f(0). Sightings of
species with similar sighting characteristics (i.e., body size, group size,
behavior) were pooled to estimate f(0). (Table 3.1). For example, f(0). for
Cuvier's beaked whale was estimated by pooling with sightings of Blainville's
beaked whale, unidentified beaked whales (family Ziphiidae), and dwarf and
pygmy sperm whales of group sizes less than five. Seven species did have
sufficient sightings (30 or more, including non-GulfCet study area sightings)
to estimate species f(0) without pooling; these were the sperm