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1.00 A STUDY OF THE EFFECTS OF PETROLEUM ON CETACEANS

Summary and Conclusions

Cetaceans occupy surface waters to breathe, and some to feed,
potentially exposing them to spilled oil by contact, inhalation or
ingestion. Many are high—= or top-level predators, and therefore are
potential accumulators of hydrocarbon residues found in contaminated prey-.
Despite these concerns, there are no scientific data on the effects of oil
on cetaceans. Some attention has been paid to conflicting field feports and
imprecise popular news accounts. In 1969, it was reported that gray whales
had died as a result of an o0il well blowout in the Santa Barbara Channel.
Time (February 21, 1968, p. 21) described a stranded dolphin with an oil
clogged blowhole and lung hemorrhage. Critical assessment of this and other
. accounts of the spill did not conclusively link the marine mammal deaths
with the presence of o0il (Simpson and Gilmartin 1970, Brownell 1971,
Brownell and Le Boeuf 1971, Le Boeuf 1971).

In Alaskan waters, two killer whales, one sick and one dead, were
observed in association with an oil spill (Anon. 1971) but a precise causal
relationship was not established. Duguy (1978) reported the presence of
petroleum hydrocarbons in the intestine of a stranded Tursiops, without
evidence to suggest that oil ingestion had been responsible for the
stranding and death of the animal. These observations, coupled with two
accounts of whales and dolphins swimming and feeding in o0il slicks (Goodale
et al. 1979, Gruber 1980), represent the extent of our information on

cetaceans and oil. The reports are few perhaps because 0il does not adhere



to their smooth skin so as to make exposure obvious, or alternatively,
cetaceans may be able to detect oil and avoid it.

We sought to determine if bottlenose dolphins, Tursiops truncatus, can

detect oil, and the limits within which they would be able to do so. Two
dolphins were trained to position on a fixed underwater station at a depth
of 1 m, and view a short open—ended cylinder confining various materials and
oils at the surface. The dolphin pressed a paddle after detecting a
substance within the cylinder. If the cylinder was empty, or the substance
not apparent, the animal remained stationary for 5 seconds. By testing a
blindfolded dolphin with the same substances, we examined the dolphin's
ability to detect o0il using echolocation.

The dolphins were tested with up to 12 different petroleum substances
in as many as 31 configurations. By varying the thickness of each oil
slick, or using combinations of 1light and dark oils, we determined the
threshold of their detection ability. We reduced the visual properties of
each test substance to a common measgreable parameter, optical demsity.

This gave us a basis to compare the animals' response to the various oils.

We determined that under optimum conditions of light and water clarity,
bottlenose dolphins can visually detect oil with an optical density greater
than 0.2 to 0.34, and with repeated testing, can reliably detect substances
with an optical density of 0.05 or less. In other words, they would be able
to detect even a 1 mm film of dark crude oil, which has an optical demnsity
greater than 3.0. Our tests suggest that a dolphin, using echolocation
alone, can detect thick (12 mm or greater) patches of heavy oil,
particularly if the substance contains air bubbles as a result of churning
by wind and waves. It has yet to be determined whether dolphins can see
these substances at night, or in turbid water. It will also be important to
determine how the visual and echolocation thresholds change with distance

from these substances.



Following the detection studies, we determined whether dolphins Qould
avoid a controlled slick of non-toxic, colored mineral oil that we knew they
could detect. Three dolphins were placed individually into a sea water pen
subdivided into three areas. We established their behavior patterns, then
added o0il to one of the areas, and compared the response of each dolphin
with its previous behavior. When first introduced to the o0il, each dolphin
clearly avoided the oiled area for 5, 35 and 53 minutes, respectively.
Within the first two hours, each dolphin contacted the oil 2, 3 and 7 times,
respectively. Thereafter, they completely avoided the oil for the remaining
6 hours of the observation period, and did not contact it at all on their
second 8 hour exposure, 4 days later. Each time a dolphin contacted oil, it
responded overtly by abruptly diving, and quickly returning to an oil-free
area, even though the mineral oil was innocuous. We might expect ;hgc they
would react similarly to a substance with noxious properties. To tést
whether the tactile stimulus is in itself enough to evoke a response, a
study should be conducted using clear oil at night, or with a blindfolded
dolphin.

In the simple setting of this study, the avoidance behavior was clear
and consistent. At sea, this response might be modified by social
interactions, feeding, agonistic behavior, migration or human activity.

During the course of the study, there was no opportunity to observe the
reaction of free-ranging cetaceans to accidental oil spills. As an attempt
to fill this gap in our data, we commissioned a study by the Hubbs-=Seaworld
Institute on the reaction of migrating Califormia gray whales to naturally
occurring oil seeps. Four observation sites were chosen from Pt. Conception

to Coal 0il Point, California, which overlooked oil-free areas and those



with active seeps. Swimming speeds, surface and dive times, and respiratory
rate of small groups of whales migrating through the study areas were
compared in relation to the presence and extent of oil. Typically, the
whales would swim through oil, modifying their swimming speed, but without a
consistent pattern. Aerial observers occasionally noted a radical change in
the whales' direction when approaching oil. This was not accompanied by any
change in respiratory pattern or swimming speed, and in fact may not have
been a response to oil. There were some differences in the respiratory
behavior of whales when in oil-contaminated areas. In oiled waters, the
whales seemed to spend less time at the surface, blowing less frequently but
at a faster rate. If this reaction is interpreted as an avoidance response,
it suggests that gray whales can detect oil. Whales showing no response
either could not detect the amount or type of oil present, or were
indifferent to it. It should be noted that the comparisons are tenuous, as
it was not possible to follow specific whales into and out of oiled areas.
Such are the limitations of field studies.

Cetaceans in o0il would be exposed to substances which can irritate
skin, and especially sensitive mucous membranes of the eyes and respiratory
tract. Cetacean skin is unique, having no counterpart in other mammals.

The epidermis is composed of numerous tiers of viable cells, is
non-glandular and has no external keratinized layer. The cells are
surprisingly rich in enzymes (Geraci and St. Aubin 1979a) and vitamin C (St.
Aubin and Geraci 1980), suggesting that skin may perform important
hydrodynamic (Essapian 1955) and physiological functions, beyond that of a
simple barrier against the sea. Any substance which affects the skin may

have far reaching consequences for these animals.



We investigated the manner and extent to which petroleum hydrocarbons
would affect cetacean skin. Our study of normal histology and
ultrastructure served as a basis for understanding the dynamics of growth,
healing and the inflammatory response. Using small cup—-like discs, we
placed liquid hydrocarbons on precise areas of skin for controlled periods
of time. Bottlenose dolphins were the principle subjects, and other

species, including a Risso's dolphin Grampus griseus, and a sperm whale

Physeter catodon, were tested opportunistically. We also tested human

subjects who voluntarily exposed their arms to lead—free gasoline.

After exposing the skin to crude oils and gasoline for up to 75
minutes, we determined the reaction by observation and by using a
thermographic procedure to detect increased heat radiation, as one indicator
of inflammation. We found that dolphin skin exposed to gasoline and crude
oil turned pale gray, and otherwise showed no evidence of damage or loss of
integrity. N;;ﬁal color was always restored within two hours. In marked
contrast, human skin became distinctly red for up to 10 days in most
subjects, and could remain discolored for up to 7 months. Using the
infrared monitor, we noted that the dolphins had not reacted to the
gasoline, whereas humans reacted by generating heat at the site of contact.

Our histological and ultrastructural studies showed that petroleum
hydrocarbons produced mild and transient damage to cells of the epidermis,
primarily in the stratum externum and stratum intermedium; the stratum
germinativum and dermis were affected only by long exposures (75 min.) to
lead-free gasoline. Within 3 to 7 days, the cells showed signs of recovery.

When we exposed the skin of a live=stranded sperm whale to crude oil and

gasoline for 17 hours, the mid- and outer layers of the skin were severely



damaged, while the basal layer and underlying dermis were still unaffected.
This may be some indicatiom of the resiliency of cetacean skin, though the
circumstances under which the whale was tested were such that results must
be interpreted with caution.

The skin of cetaceans is often damaged by ectoparasites (Pike 1951,
Humes 1964, Perrin 1969), microorganisms (Migaki et al. 1971, Geraci et al.
1979), and predators (Ridgway and Dailey 1972), as well as aggressive social
encounters. To determine how petroleum hydrocarbons might affect already
damaged skin, we made a number of incisions in the epidermis, deliberately
contaminating some with oil; and studied the progress of healing. We
observed no gross or microscopic differences in healing of uncontaminated
wounds, and those made in skin which had been previously exposed to gasoline
or oil for up to 75 minutes, or wounds contaminated for up to 60 minutes
with crude oil. After 15 days, all wounds had completely healed, leaving
" only a dark black halo. We did not quantify the cellular response to the
various compounds, under different conditions of exposure. This information
would provide some understanding of the defense mechanisms triggered into
action by the presence of oil.

We examined biochemical processes of epidermal cells for evidence of
functional damage due to oil. We measured synthesis of phospholipids, which
are fundamental to cell membrane structure and stability, the concentration
of a—-tocopherol (vitamin E), which serves to protect lipids from oxidants,
the activity of creatine kinase, an enzyme involved in basic energy transfer
reactions, and the rate of oxygen consumption, as a direct index of
metabolic activity. We found that exposure to oil resulted in a depression
of phospholipid synthesis. Measurements of creatine kinase, oxygen
consumption, and vitamin E concentrations in oil-exposed skin showed no

consistent pattern of change.



The oil-related changes in phospholipid synthesis may represent a
biochemical expression of the ultrastructural changes in cell integrity that
we observed following exposure to gasoline. Alternatively, some of the
hydrocarbon fractions may have interfered with one or more of the steps in
the syﬁthesis of phospholipids. 1In either case, we should view this
biochemical defect as possibly jeopardizing the integrity of cell membranes,
with the ultimate consequences dependent on the extent and reversibility of
the damage. In all of our surface contact studies, the morphological
changes were reversible, even after prolonged exposure (75 min.). However,
it should be determined whether persistent biochemical changes impair the
functional integrity of the skin.

A cetacean surfacing in an oil spill will inhale petroleum vapors,
many of which can be harmful. There are numerous reports in the literature
detailing the effects of various hydrocarbon vapors on mammals, including
‘ pinnipeds. We elected to use this information as the best approach to
identifying the hazards to cetaceans. Our review included a calculation of
expected vapor concentration of specific hydrocarbons in the air above an
0oil slick. A whale or dolphin unable to leave the immediate area of the
source of a spill, or confined to a contaminated lead or bay, would
undoubtedly inhale some vapors. The effect would depend on the
concentrations of vapors, duration of exposure, and the susceptibility of
the animal. Cetaceans that are stressed by lung and liver parasites, and
adrenal disorders (Geraci and St. Aubin 1979b) might be particularly
vulnerable to the effects of even low levels of hydrocarbon vapors. Animals
that are away from the immediate area, or exposed to oils that have
weathered in the open ocean for as little as 2-4 hours would not be expected

to suffer any consequences from inhalation, regardless of their condition.



Cetaceans exposed to an oil spill might conceivably ingest oil
directly, or feed on contaminated prey. There are few studies on the
consequences of o0il ingestion in marine mammals and none establishing
critical or lethal doses. We did not undertake oil ingestion studies, in
favor of reviewing the literature on oil toxicity on other animals and
relating these data to our understanding of cetaceans.

Ingested petroleum can be fatal if even small quantities are regurgi-
tated and aspirated into the lungs. Cetaceans are uniquely protected from
this complication by an anatomical adaptation of the larynx which reduces or
eliminates the possibility of aspirating regurgitated material. We
calculated the volume of fuel oil that would be acutely toxic to a cetacean.
Under normal conditions in which cetaceans such as Tursiops drink a
relatively small quantity of sea water (less than 1.5 L per day), the amount
of 0il accidentally consumed would be well below the limit of toxicity.

" However, if an animal panics, as stranding odontocetes sometimes do, it may
ingest i;rge quantitites of oil=contaminated water, with consequences due as
much to the water as to the oil.

Repeated ingestion of small quantities of oil might pose an insidious
threat. Food organisms can accumulate certain petroleum fractioms, which
are transferred in turn to cetaceans. The effects of such residues on
marine mammals are unknown, though there is some concernm that pollutants in
general can affect reproductive success (Gilmartin et al. 1976, Helle et al.
1976, vanBree 1977).

To determine the extent to which these animals have accumulated
petroleum hydrocarbons, we analyzed 258 tissue samples from marine mammals
stranded along the Atlantic coast of Canada and the United States, for

naphthalene, one of the more persistent petroleum residues. We found



detectable levels of naphthalene in most of the tissues aﬁalyzed, and‘
highest concentrations in blubber. Mobilization of fat stores, such as
might occur during migration or lactation, would produce transiently higher
blood levels of naphthalene, while simultaneously making them more available
for detoxification and excretion.

One of the mechanisms for detoxifying petroleum hydrocarbons involves
mixed function oxidases found in the livefa We analyzed samples from
cetaceans to determine the presence and activity.of one of the components of
this system, cytochrome P450, and found low to moderate concentrations. If
this enzyme system functions as it does in other mammals, cetaceans should
be able to detoxify ingested oil. Their ability to do so would be enhanced
by the typical response of inducing activity of the detoxifying enzymes,
when stimulated by the substance to be detoxified. It would be possible to
elucidate this mechanism in cetaceans by administering a very small amount
 of a labelled hydrocarbon, and monitoring metabolites in the circulation and
cytochrome P450 in liver biopsy samples. This would provide an
understanding of the dynamics of oil metabolism in cetaceans for which our
data on naphthalene and P450 serve as a base.

Mysticetes face a peculiar threat from oil spills. The hair-—=like
fringes of baleen can become fouled even after brief exposure to oil.
Furthermore, any structural or functional alterations in the baleen filter
might interfere with normal feeding. We monitored water flow through fin
and gray whale baleen plates before and after contaminating them with three
types of crude oil. Light to medium weight oils caused transient changes in
the water flow, which returned to normal within 40 seconds. Repeated oiling
of the same preparation did not produce an additive effect. Bunker C, a

heavy residual oil, had a more dramatic effect, restricting water flow for
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up to 15 minutes. Thereafter, though the plates were still noticeably
fouled, normal flow patterns were restored. These observations alleviate
the concern that crude oil would irreversibly obstruct water flow through
baleen. It clearly does not do so. However, the persistence of oil on the
fibers may present a different problem, by directly contaminating the food
organisms, or by causing them to adhere.

We monitored the rate of disappearance of oil from the fibers, and
found that light oils were undetectable after 1 hour of flushing, whereas
heavier fractions persisted for 15-20 hours. These are the time frames
during which we anticipate the filter mechanism might be jeopardized after a
feeding foray in oil. Inability to feed during this time would not in
itself be critical, but may have some impact during periods when mysticetes
must feed intensively. In most other situations inadvertant ingestion of
crude oil would be of no consequence and the effects on filtration would be
reversible. This study points to a need for examining the adherence and
contamination of plankton in contact baleen fouled with oil of various
viscosities.

We considered that oil may have an effect on baleen structure and
composition, thereby resulting in aberrant wear or breakage. Isolated fin
and gray whale baleen plates, were soaked in gasoline, crude oil, and tar
for periods far exceeding those which we might expect under natural
conditions. We found no changes in the tensile properties, or in x-ray
diffraction characteristics. In gray whale baleen, x-ray diffraction
revealed that the a—~keratin component was affected by all of the petroleum
treatments. Exposure to petroleum resulted in loss of lipid and leaching of
trace elements from baleen. The loss of these components did not effect the

tensile properties.
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We conclude our summary by setting the stage for a spill of crudé oil,
in a region where cetaceans are feeding and interacting. It is not
unreasonable to expect that some animals may be killed = those trapped in a
lead or enclosed bay, or moribund from disease. For most of the animals,
however, the spill would probably not pose the kind of threat that has been
popularized in the media.

We have found that Tursiops, as a representative odontocete, can
detect o0il, and is inclined to avoid it, especially after contacting it.
Any brief encounter with oil may result in mild irritation to mucous
membranes of the eyes and no consequential effect on the few morphological
and biochemical features of this skin that we have thus far examined. A
dolphin or whale, anywhere except in the heart of a fresh spill, could not
inhale enough vapor or ingest enough oil to pose any immediate threat.

There may be long term consequences that are as yet undefined. These will
" only become apparent by monitoring animals in a perpetually contaminated
environment, and by more penetrating'studies into typical target sites of
petroleum damage.

We are not as certain about the behavior of mysticetes toward the oil
spill, as our studies were limited to brief field observations on a single
species. However, we expect that their reaction to contact with o0il will be
similar to that of odontocetes. In contrast with toothed whales, the threat
to baleen whales would not necessarily diminish with time after the spill.
Residual products, tar, and weathered oils can potentially foul plates in a
way that interferes with feeding. In most cases, the major effects are
reversible within a few days, before affecting the animals' nutritional
status. However, prolonged impairment caused by repeated fouling might

diminish blubber stores, which would be essential during migration and other
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periods of fasting. Such latent effects would only be detected by
correlating physical condition with petroleum residues and metabolites in

animals available through commercial and aboriginal whaling operatioms.
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2.00 CAN BOTTLENOSE DOLPHINS TURSIOPS TRUNCATUS DETECT OIL?

Introduction

0il can coat the pelage of seals (Davis and Anderson 1976), otters
(Baker et al. 1981) and other fur bearing mammals (Brownell and LeBoeuf
1971). Cetaceans have not been observed fouled with oil, perhaps because
their smooth, hairless skin does not allow oil to adhere, or perhaps
because they can detect oil, and avoid it. Dolphins have acute sensory
detection capabilities both visually (Pepper et al. 1972, Herman et al.
1975) and via echolocation (Belkovich and Dubrowski 1976, Murchison 1980,
Nachtigall 1980). We sought to determine whether Tursiops could detect
various petroleum products using these modalities.

Two dolphins were trained to position on a fixed underwater station at
a depth of 1 m, and view a short open—ended cylinder confining various
materials and objects at the surface. They pressed a paddle after detect-
ing a substance within the cylinder, or otherwise remained stationmary for 5
seconds. We shaped the behavior using solid objects, and then introduced
oils with different visual properties to establish the range of compounds
the dolphins could detect. By testing a blindfolded dolphin with the same
substances, we examined the dolphin's ability to detect oil using echo-

location.

Materials and Methods

The study was conducted at the Institute for Delphinid Research on
Grassy Key, Florida. We used captive-born dolphins, one male ("Nat”) and

one female ("Tursi”), that were five and six years old and weighed 135

16
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and 158 kg, respectively, at the start of the study in February, 1950. The
dolphins were selected because both were experienced in visual discrimin-
ation studies. They were in good health, as judged from behavior,
appetite, physical condition. and blood analyées.

The dolphins were maintained in a wire fence enclosure in a lagoon
along the Gulf of Mexico, with ambient water temperature and salinity
ranging between 11° and 27°C, and 36 and 42 ppm, respectively. They

were fed smelt, Osmarus mordax, and herring, Clupea harengus as rewards

during the detection test, and at the end of each day, to provide the
balance of their prescribed daily ration of 5.8-7.9 kg/day. Feeding rates
were calculated on the basis of approximately 60-70 Kcal/kg/day.
Apparatus

The study area consisted of a rectangular pen with one wall of solid
earth £fill and three of wire fencing. It was 49 m long, 12.8 m wide, with
an average water depth of 4-5 m, depending on the tide. Two sﬁall, square
platforms placed 5.7 m apart were hinged to a dock which ran along one side
of the pen. The platforms floated on styrofoam blocks so that they
maintained a constant level in water. One platform, the resting dock, was
occupied by a trainer who fed the animals and controlled their behavior
during a test. The second platform was the trial dock, where an examiner
prepared and deployed cylinders containing the samples to be viewed by a
dolphin. The examiner was isolated from the trainer and the dolphin by a
roof, two solid side panels, and a front panel with l-way windows allowing
a view to the outside. Cylinders were deployed and retrievedAthrough a
small door that opened into a 3.1 x 0.6 m canal in the floor along the
front of the trial dock (Figure 2.1).

We constructed 20 hollow cylinders. Each was made of 3 mm thick
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plexiglass measuring 46 cm in diameter, and 22 cm high, with an internal
cross-sectional area of 1662 cm?®. A 10 cm wide black band was painted
around the middle of both the inner and outer surfaces of each cylinder, to
eliminate images that might be created by the oil-plastic interface. A
cylinder was held half submerged by four thin wires attached to the rim,
and hung from a frame that rolled along a track. Three cylinders,
independently suspended in the canal, could be filled with test substances,
and deployed in any order through the front door to a distance of 40 cm in
front of the dock. At the conclusion of a series of trials, the test
compounds were retrieved in a way that would not contaminate the water. The
ends of each cylinder were capped with plywood discs fitted with gaskets
made of Geocell and the assembly with its contents was sandwiched tightly
together with a bolt running through the middle of the discs (Figure 2.2).

To view the contents of the cylinder, the dolphin rested on a
crescent-shaped plastic station 1 m below the surface so that its eyes were
directly bemneath the test substance. On detecting the substance, the
dolphin pressed a round wooden disc triggering a spring—actuated flag
inside the examination dock. Signals used to direct the dolphins through
each step of the testing sequence were generated by a modified Bambino
Classic Tones, Model EV-042 miniature electronic organ. The keyboard was
rewired to provide two tones of 200 and 400 Hz and a chirping sound

produced by an electronic metronome. The unit was connected to a

1 Geocel Corporation, Elkhart, IN
2 Bambino Inc., Los Angeles, CA
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Realistic MPA-203 amplifier, driving one in-air and one underwater

speaker. The latter speaker was covered on one side with closed-cell
neoprene, and directed away from the sample cylinder, to minimize reflected
sounds that might have given the animals supplementary information about
the contents of the cylinder.

Toward the end of the visual discrimination experiment, we initiated a
series of echolocation trials using the male dolphin. We fitted the animal
with eyecups to prevent if from seeing the test sample, thereby forcing the
dolphin to use echolocation. To familiarize the dolphin with the latex
eyecups, they were first placed on various locations on the dolphin's back,
sides and head, gradually approaching it's eyes. The eyecups were worn for
up to 30 minutes at a time, and were removed if the dolphin'showed signs of
discomfort. To avoid visual cues, the eyecups were removed”only after the "

test cylinders were retrieved into the canal.

Test Substances

During training, various solid plastic and wooden objects were placed
within the cylinders to establish the "go" response when objects were
detected. We then substituted a disc of styrofoam that completely filled
the cylinder. Fading from the detection of styrofoam to the detection of
test oils was accomplished by progressively removing larger areas from the
ééﬁtef of the styrofoam while filling the vacated area with whipped oil.-
Transfer occurred rapidly and after three days the cylinder was filled with
test oils alone.

The oils used in the study are listed in Table 2.1l. We reduced the
visual properties of 34 different oils and oil mixtures to a common
measurable parameter, optical density. We did this by passing light from a

100 W tungsten bulb mounted in a photo-flood reflector (Smith-Victor BD12)

3 Radio Shack Inc., Ft. Worth, TX
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Table 2.1: Identification and source of samples used in the o0il detection

study.

Crude Oils
Inter=Provincial
West Texas
Unidentified

Residual Oils

Bunker C
beach tar

Refined Motor 0Oils

Quaker SAE30

Kendall SAE20

Evinrude 2-cycle (50/1)
Mineral 0il

Adams Heavy White
Mineral 0il (Stock #118)

Refined Fuels

Diesel #2 (Lots A and B)

Regular gasoline (leaded)

Source

Shell Refinery, Oakville, Ont.
Shell Refinery, Oakville, Ont.
Anonymous

Belcher 0il Co., Port Everglades, FL
Florida Keys

Quaker State 0il Refining Co.,
0il City, PA
Kendall Refining Co., (Division of
Witco Chemical Co.), Bradford, PA
Evinrude Corp., Beloit, WI

Adams Laboratories Div., Miami, FL

American Petrofina Marketing Inc.,
Port Arthur, TX
Texas 0il Corp.
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covered with a diffusing screen (Smith=Victor D120), was passed through a
measured thickness of oil in a 9 cm diameter Pyrex petri dish. The
optical density was measured using a photo cell (Archer 276-116 cadmium
sulphide photo cell)5 coupled to an ohm—meter 427-A%. The meter was
calibrated on each occasion using celluloid filters of known graded optical
density (#1523422 Kodak Photographic Step Tablet No. 3)7. The optical
density of each sample was calculated by interpoiating between the values
of the standards. Using this method we determined the optical density of
each type and thickness of 0il sample used in the discrimination trials
(Table 2.2, 2.3, 2.4). The coefficient of variation (SD + mean), on 12
individually prepared oil samples measured up to 10 times each, was less

than 17.

Preparation for Testing

Prior to each session, an examiner would receive instructions on the
nature of the.test~substance(s) to be used, a list of the randomly assigned
numbered cylinders which were to contain the test substance (S+) or remain
empty (S-), and the sequence in which they were to be presented. The
sequence was generated by an Apple computer8 randomization function,
modified by the program into a Gellerman series (Gellerman 1933) such that
there were never more than 3 consecutive presentations of either S+ or S-
samples. Generally, only one test substance was used in a session,
attempting as much as practical, to equalize the number of S+ and S-

presentations. Of the 3,906 presentations, 527 were S+, and 487 were S-.

5 Tandy Corp., Ft. Worth, TX

6 Hewlett-Packard Inc., Palo Alto, CA

7 Rodak Corp., Rochester, NY

8 Apple Computer Co. Inc., Cupertino, CA
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We arbitrarily determined that an animal could detect a given sub-
stance when overall performance on both S+ and S- trials equalled 907 or
better. Novel substances were introduced outright, or by interspersing
them as "probe-trials”, with known detectable (907 performance) substances.
Probe substances were never introduced as the first or last of a series. No
more than 2 probe trials were included in any series of 10 trials with a
known substance. If the animal detected the probe substance, we made this
the principal test substance in the next session.

Test Procedures

While the trainer interacted with the dolphin positioned in front of
the resting dock, the examiner prepared one cylinder with sea water (S-) as
a control, and 1 or 2 cylinders with test substances. This procedure was
carried out within the confines of the canal of the trial dock. One of
these cylinders was then moved into place through the door of the dock.

The sound of the door closing was used as the cue for the trainer to
broadcast a 200 Hz tone signalling the dolphin to swim underwater to the
viewing station at the examination dock. While approaching the station,
the dolphin usually examined the sample with both eyes for approximately 1
second before resting its chin on the stirrup, with head rotated and one
eye fixed on the cylinder.

Once the dolphin was on station, the examiner presented a 400 Hz tone.
If the cylinder contained a substance (S+), the animal was required to
leave the station within 5 seconds to press the paddle. If the cylinder
contained only sea water (S-), the dolphin was required to remain on
station for a full 5 seconds.

For a correct response, the examiner blew a police whistle transmitted
in-air and underwater, signalling the animal to return to the resting dock
to receive a reward of 2 fish. If the response was incorrect, the examiner

broadcast a "chirping” sound recalling the dolphin to the resting dock
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without reward. This signal was also used to recall the dolphin during any

breakdown in the testing sequence.

Results

Both dolphins successfully acquired the desired behavior with less
than two months of training, likely because they were captive—=born, had
interacted with trainers within months of birth, and had been trained for
four months in a preliminary phase of this study. The male, who acquired
the behavior sooner and performed more reliably had also been involved for
two years in a discrimination study. The female had completed most of the
visual study when she was removed from the program in June, 1981, because
of an eye injury unrelated to the experiment.

A total of 3,906 visual and acoustic trials were conducted, of which
2025 were test trials. These were done generally in blocks of 10 trials
per session, once or twice daily. Four examiners were involved in the
major portion of the study; with no significant difference in performance
associated with the examiner (X2 = 4.19; P < 0.05). A fifth examiner
entered the program toward the end of the study, whe; the dolphins were
being tested at threshold levels. The dolphins' response was poorer with
this examiner, likely because the test substances were more difficult to
detect. The dolphins performed the visual trials on all S+ and S—- samples
with an overall accuracy of 95%. The male performed the acoustic trials
with 797 accuracy. We established peak performance as the maximum that
could be attained using known detectable substances. For visual trials it
was 100% for both dolphins, and for acoustic trials 91% for the male. We
arbitrarily and conservatively accepted 907 or better of peak performance
as a clear indication that the animals could reliably detect a substance,

and below 75Z as an indication that they could not detect it at all.
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The performance on the visual detection studies for both dolphihs are
shown on Tables 2.2-2.4. The female detected 6 mm thick slicks of crude
0il and three refined motor oils, but could only reliably detect diesel oil
thicker than 25 to 31 mm (OD> 0.12). To quantify the limits of her visual
detection, we tested 6 mm slicks of graded mixtures of blue-tinted Evinrude
2 cycle motor oil that she could detect, and amber-colored diesel fuel that
she could not detect. Her threshold for the mixtures (0D = 0.20) was
higher than for diesel alone (OD = 0.12 to 0.16). In other words, she
detected the blue-tinted mixed oil less reliably than she could a thicker
slick of amber-colored diesel with the same optical density.

The male detected 6 mm slicks of 3 crude oils, 2 residual oils, and 3
refined motor oils (Table 2.3). All had an optical density greater than
0.26. Initially, he did not detect the same thickness of gasoline or
diesel fuel (OD <€ 0.05). He could however, detect a diesel slick of 17 mm
or thicker (0D > 0.08). As with the female, the male detected the mixed
0il less reliably than the diesel with the same optical density.

When we continued to test the male at threshold levels, we noticed
that he eventually began to detect lighter substances (Table 2.4). For
example, after a 3 month interruption in the visual threshold studies, he
was retested with diesel fuel, gasoline, mineral oil, and wvarious mixtures.
He reliably detected diesel slicks as thin as 3 mm (OD < 0.05), and oil
mixtures down to an OD of 0.07. Previously unable to detect 6 mm thick
samples of gasoline (OD < 0.05), he now detected them 80Z of the time.
Mineral oil, virtually transparent, was still not detected.

While analyzing the results of this re-testing, we noted a distinct
difference in performance between morning and afternoon trials when the

male was presented with the Evinrude: mineral oil mixture (OD = 0.12).
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Table 2.2: Performance of the dolphin "Tursi” in trials to determine
visual detection of various oils and fuels.

Trials " Probe Trials®
Percent Percent
Sample? opP Number Correct Number Correct
Crude 0il
unidentified > 3.0 30 97
Refined Motor Oils
Quaker SAE 30 0.26 32 100
Kendall SAE 20 0.26 30 93
Evinrude 2-cycle 0.79 54 93
Refined Fuel
Diesel A 35 mm 0.20 15 100
31 mm 0.16 28 96
25 mm 0.12 16 63
Mixed 0Oils
Evinrude: Diesel A
47.1 : 52.9 0.64 32 100
24.9 : 75.1 0.50 30 100 2 100
15.4 : 84.6 0.34 44 95 8 100
5.6 : 94.4 0.20 38 80 4 0

a4 All samples were 6 mm thick, unless otherwise noted.

b Optical density, determined using a photocell apparatus (refer to
text).

C A probe trial is one in which a sample which is not the principle test
substance is interspersed into a testing sequence (refer to text).
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Table 2.3: Performance of the dolphin "Nat” in trials to determine °
visual detection of wvarious oils and fuels.

Trials Probe Trials®
Percent Percent
Sample? opb Number Correct Number Correct
Crude 0il
Inter=Provincial >3.0 63 98- : R S e
West Texas > 3.0 38 100
Unidentified >3.0 29 93 -
Residual 0il
Bunker C > 3.0 30 100 -
Beach tar > 3.0 30 97
Refined Motor Oils
Quaker SAE 30 0.26 151 98 4 100
Kendall SAE 20 0.26 16 100
Evinrude 2=cycle 0.79 75 100 2 100
Refined Fuel
Diesel A 35 mm 0.20 30 100
25 mm 0.12 17 100 4 75
17 om 0.08 23 100
6 mm 0.05 — - 11 27
Leaded gasoline 0.05 — - 4 0
Mixed 0Oils
Evinrude : Diesel A
s - e b7 01 2 529 0.64 30 100——— - — e — e e
24.9 ¢ 75.1 0.50 30 100 2 100
15.4 : 84.6 0.34 30 100 2 100
5.6 : 94.4 0.20 49 100 3 100
2.6 : 97.4 0.12 28 89 4 100
1.0 ¢ 99.0 0.08 18 83

2 All samples were 6 mm thick, unless otherwise noted.

b Optical density, determined using a photocell apparatus (refer to text).

C A probe trial is one in which a sample which is not the principle test
substance is interspersed into a testing sequence (refer to text).
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Table 2.4: Performance of the dolphin "Nat" in trials to determine
visual detection, after repeated testing at threshold.

Trials Probe Trials®
Percent Percent
Sample2 opb Number Correct Number Correct
Diesel B 12 mm 0.09 14 100
6 mm 0.06 128 94 4 4
4.5 mm < 0.05 30 100
3.0 mm < 0.05 14 100 3 60
1.5 mm < 0.05 33 76
0.6 mm < 0.05 e - 4 0
Leaded gasoline < 0.05 40 80 7 43
Evinrude: Mineral 0il
(6 mm)
9.7 : 90.3 0.20 26 96
6.4 : 93.6 (a.m.) 0.12 76 93
6.4 : 93.6 (p.m.) 0.12 17 65
4.7 ¢ 95.3 0.09 26 92 4 25
4.0 : 96.0 0.07 25 88 4 25
3.4 : 96.6- 0.06 — - 3 0
Evinrude: Diesel B
(6 mm)
1.0 : 99.0 0.08 42 98
Mineral oil (12 mm) 0.05 7 29 10 10

4 All samples were 6 mm thick, unless otherwise noted.

b Optical density, determined using a photocell apparatus (refer to text).

€ A probe trial is one in which a sample which is not the principle test
substance 1s interspersed into a testing sequence (refer to text).
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This could profoundly influence the dolphins ability to detect samples at
threshold limits. For example, the male could reliably detect this mixture
(937 correct), but not in the afternoon (65Z correct). Since the study had
terminated at the time of this finding, we did not attempt to determine
whether the animal's performance was affected by ambient light, clarity of
the water, or a peculiarity in the animal's behavior. There were no
comparable differences noted when testing any other substances. We
determined the male's ability to detect oils by echolocation, by shaping
the behavior using the styrofoam disc in the cylinder. 1In 97 trials over a
period of 2 months, his response to both S+ and S= was 917 correct.
Thereafter when presented with test substances, he detected 12 mm thick
films of Inter-Provincial and the unidentified crude oil, as well as Bunker
C and mineral oil, though the latter two were more reliably detected when
they churned and contained air bubbles. Other oil samples of that
thickness were not reliably detected. He was unable to detect any sample of
6 mm thickness (Table 2.5).

Toward the end of the study, the male was tested in a series of 77
trials in which he was required to detect 12 mm thick samples either
visually or acoustically according to a randomized scheme. His performance
in this series showed that he detected diesel fuel visually, but not
by echolocation, whereas the converse was true in thémﬁiﬂéfii’diimfiiiiéu—_"

(Table 2.6).
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Table 2.5: Performance of the dolphin "Nat"” in trials to determine

acoustic detection of various oils.

Trials Probe Trials?
Percent Percent
Sample Number Correct Correct
Styrofoam 97 91
Bubbled Oils = 12 mm
Bunker C 30 88
Mineral 18 94
Crude and Refined‘Oils = 12 mm
Inter—-Provincial 81 86 100
Unidentified 58 84 0
West Texas 16 56
Bunker C 133 73 50
Diesel 22 64
Mineral 59 71 60
Crude and Refined Oils = 6 mm
Inter-Provincial 4 25
Unidentified 13 62
Diesel 6 33

a8 A probe trial is one in which a sample which is not the principle test
substance 1s interspersed into a testing sequence (refer to text).
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Table 2.6: Detection performance of a male bottlenose dolphin (Nat) in
paired visual and acoustic trials using 12 mm slicks.

Visual Acoustic
Sample Total % Correct Total % Correct
Diesel 14 100 16 71
Mineral 0il 7 29 15 87

Bubbled
Mineral oil 7 - 43 18 94
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Discussion

Bottlenose dolphins in this study visually detected oil. The darker
the substance, the easier it was to detect. We conservatively determined
the critical threshold to be D = 0.2 to 0.34, which is much lighter than
the optical density of even thin films of dark crude 0i19.

Thus, these dolphins would be able to see a spill of crude oil at its
source, and most weathered oils that darken and form dense aggregations.
Crude oil dispersed into a thin sheen (<0.1 mm) would not be easily
detected, nor would any refined products such as gasoline, diesel fuel, and
solvents that tend to disperse into thin films very rapidly. Yet dolphins
might eventually learn to detect some of these substances after exposure
in a contaminated environment. The rate of learning would probably be
enhanced if the dolphin experienced pain or discomfort on contact, as seems
to have been apparent in our o0il avoidance study (see Section 3.0, this
report).

Under circumstances when vision is impaired, an animal"may be able to
rely on echolocation for detecting thicker high viscosity substances, such
as residual or wéathered oils, or any oil churned by wind or wave action so
as to entrap air bubbles. Yet in our study, the dolphin's ability to
detect oil using echolocation was not as effective as when using vision.
This may have been a fault of the experimental design. The dolphin was
only trained over a brief period and perhaps an insufficient number of
trials. The positioning of the animal in front of the target had been
established to oétimize visual contact with the oil, and may not have been

the most advantageous position for echolocation. Furthermore, the test

9 We found the optical density of 1 mm thicknesses of three types
of crude oil to be greater than 3.0

<
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substances were confined in a cylinder, so that the animal did not have the
opportunity to examine the edge of the o0il slick; where the contrast
between oil an& water may have given him an important cue.

Additional studies would have been required to determine more
precisely the features of the environment, and of a dolﬁhins' sensory
system that influences it's ability to detect oil. We did not determine
the distance at which a dolphin could no longer detect oil, nor did we test
the dolphins under conditions of poor water clarity. Color may.influence
an animal's ability to detect oil, particularly at threshold levels. Our
data showed that on first exposure, blue-tinted Evinrude mixtures were less
detectable than amber-=colored diesel fuel of the same optical demsity. The
difference in detectability was far less pronounced-after learning. Though
dolphins have little or no color vision, they appear to have greater
sensitivity to light in the blue—-green portion of the spectrum (Madsen and
Herman 1980). Therefore, we expected them to see the Evinrude mixtures
more readily. Their ability to do so may have been impaired by the lack of
contrast when viewing the blue sample against the sky. As a natural
extension of our study, the effects of these wvariables should be
determined, along with the dolphin's ability to detect oil slicks at

night.
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3.00 OIL AVOIDANCE BY CAPTIVE BOTTLENOSE DOLPHINS

Introduction

The ultimate consequences of an oil spill on a cetacean will depend in
part on the degree and duration of exposure. It is therefore important to
know whether they will avoid oil that they can detect. Two accounts of
cetaceans in the midst of oil slicks (Goodale et al. 1979, Gruber 1980)
suggested that the animals did not avoid the oil. The observers were unable
to determine whether this was the natural response, or if their instinct to
avoid the slick was over-ridden by feeding behavior which was occurring at
the time of the observations.

In this study, we sought to determine whether three captive bottlenose
dolphins, under controlled conditions, would avoid a detectable slick of
colored, non—toxic mineral oil. We did this by confining them to a pen
subdivided into three areas. After establishing their patterns of behavior,
we added oil to one of the areas, and compared the response of each dolphin

with its previous behavior.

Materials and Methods

Sub jects

Three female dolphins aged approximately 4 years were captured in the
Gulf of Mexico near Biloxi, MS in July 1980 and transported to the Institute
for Delphinid Research, Grassy Key, FL. They were maintained together in
sea water pens, and fed a daily ration of herring (60-70 Kcal/kg body
weight). The dolphins were in good health'as judged by routine clinical
examination, feeding behavior, and blood studies.

These dolphins were not trained to perform any special tasks, but they

were used for skin-contact studies for 9 months prior to this experiment

38
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(see Section 6.0, this report).

Test Area

The test pool was a rectangular pen 14 by 11 mm (154 mz) formed by
chain link fence on three sides and on the fourth by solid fill. The pool
was subdivided into three rectangles using booms! with floats pro jecting
15 cm above the surface and weighted skirts submerged to 30 cm. Each of the
three rectangles formed by the booms measured 4.5 by 11 m (50 sq m) (Figure
3.1). The dolphins entered the test pool through a wire mesh gate into area
#1. During the experiment, the test dolphins were able to interact visually
and sonically with those in the adjacent pens.

A 5 m high observation tower was erected on the causeway 3 m from the
north corner of the test pool. It provided a clear view of the entire study
area. Video and sound recordings of all sessions were made from the plat-
forms using an Hitachi GP-=5U camera coupled to a Quasar VH5160SW recorder, a

Uher 4200 stereophonic tape recorder, and a Sony BM 10 cassette recorder.

Acclimation

For 2 weeks, the animals were introduced to one loose oil boom placed
in their holding pen. All three were then moved daily for 4 days to the
test pool which contained several booms in various configurations. For 4
days thereafter, each dolphin was introduced alone into the test pool for up
to 4 hours per day. During this time, the final boom configuration was

established.

1 011 Containment Systems Corp., Cocoa, FL.
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Figure 3.1 Test pool used in oil avoidahce study, showing depth contours (at mean
high tide), position of oil confining booms, relationship of adjacent dolphin holding
pens, and location of observation tower. After a series of control sessions, colored
mineral oil was added to Area 2.
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Control Observations

During the control sessions without oil, each animal was put into the
pool alone for 7 to 8 hours on four different days. Observations were made
as soon as the animal enﬁered the pen, and at 2 hour intervals thereafter.
Each set of observations included a 30-minute period to note where the
dolphin was surfacing, and a 15-minute "focal animal sample” (Altmann 1973),
during which surfacings, underwater movements, dive duration and behavioral

traits of the animal were recorded.

Test Observations

After control observations were made for 4 days on each dolphin, 416 L
of 0il was added to test area #2 to provide a surface slick approximately 1
cm thick. Each dolphin was then placed in the test pool on two separate
days, and observations resumed on the same schedule.

We used Primol 3552, an odorless, tasteless, non=toxic, highly
refined mineral oil with a viscosity (67.8 cSt @ 40°C, Exxon Data Sheet
DG-2H) resembling that of weathered Inter-Provincial crude oil (Geraci et
al., unpublished data). Artist's oil paint colorant (Liquitex Series 1147,
No. 244 Ivory Black3) containing bone black, aluminum stearate and linseed
oil, was added to the Primol at a concentration of 0.5 g/L, to simulate the
dark color of crude oil. A one-cm thick layer of the colored oil had an
optical density of 0.7, clearly in the range of-detectability (see Section
2.0, this report). Near the end of the third day of the oil session, the
colorant had separated to some extent, forming dark aggregations. This was
corrected by adding 100 litres of mineral oil containing 1.0 g/L of

colorant. A luminescent sheen noted in both unoiled areas of the pooi was

2 Exxon Company, P.0O. Box 2180, Houston, TX 77001.
3 Binney & Smith, Easton, PA 18042.
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4

removed by absorhent pads™ at the beginning of each day. These were'also

used to clean up the o0il at the end of the experiment.

Analysis of Data

The experiment was designed so that each animal served as its own
control. For each dolphin, we gathered data on frequency of surfacing in
éach pool area, interval between surfacings, and the frequency with which
the animal would enter each area (occupation) between surfacings. These
data were examined with‘respect to time of day (i.e. observation period)
for the same animal under control (oil-free) and experimental (oil) condi-
tions. Tests for pool area preference, diurnal and individual variation
were made using a Friedman two-way analysis of wvariance by ranks (Siegle
1956).

Frequencies of underwater occupation of each pool area were derived
from the maps of the movement of each dolphin during the 1l5-minute "focal
animal sessions”. An area was counted as occupied whenever an animal swam
through it, between surfacings. The area where the animal dove was not
included in that tabulation unless the dolphin left, then returned to that
section of the pool, or resurfaced in the area without going into any other
section of the pool.

The duration of dives were measured during l5-minute "“focal animal
sessions”. They were grouped as means per observation period, and compari-
sons were made between dolphins, and between the o0il and oil-free sessions.
Means of dive times between the oil-free sessions and oil sessions were

compared using Student's t-test.

4 Sorbent type 156 and 126; 3M Corp., St. Paul, MN 55144f
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Results

The dolphins behaved normally throughout the acclimation period. 1In
general their interactions were more conservative than when they were in
their holding pen. When in the test pool alone, they swam slowly under-
water, and regularly surfaced to breathe. There was little reaction to the
booms, except by dolphin BLM-B which nudged the boom, occasionally dunking
it with its snout. The presence of dolphins in adjacent holding pens did
not obviously affect the test animals' behavior.

Throughout the acclimation and oil-free control periods, all three
dolphins showed a preference for the portion of the pool with the deepest
water (>1.75 m). With the booms in their final configuration, this
represented test areas #2 and #3 (Figure 3.1) their preference for surfacing
in these areas was significant for dolphins BLM-B and BLM-C (Xi = 6.50; P
= 0.042) and only slightly less so for dolphin BLM-A (X% = 6.00; P =
0.069). Similarly, the dolphins spent the greatest amount of time swimming
underwater in test areas #2 and #3 respectively. This was significant for
animals BLM-A and BLM-B (X% = 6.5, 8.0; P< 0.05 and 0.01 respectively),
but not for BLM-C. There was no diurnal change in the surface frequency or
dive times for any of the dolphins, but dolphin BLM-A moved less as the day
progressed (X% = 13.8; P < 0.01).

During the control period, the dolphins avoided test area #l1, surfac-
ing in it less than 10%Z of the time, and occupying it only 18.37 of the
time. We therefore chose to place the oil in one of the other areas - £est
area #2. When reintroduced into the pool, each dolphin clearly avoided the
oiled area for 5, 35 and 53 minutes, respectively. Throughout the entire
experiment, each dolphin came in contact with the oil from 2 to 7 times for

a total of 12 contacts. These occurred within the first 2 hours of their
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first exposure; none of the dolphins contacted oil on the second éxposure, 4
days later. In all, the dolphins showed avoidance of the oiled test area
#2. Before adding the oil, they had occupied this area 53.0% of the time
and surfaced in it 51.07 of the time. After oiling, the frequency of
occupation was dramatically reduced to 6.6%, and of surfacings to a mere
1.67%Z, making further statistical testing unnecessary.

On contacting the oil, the dolphins would respond in different ways.

On three occasions, after merely touching the oil with the dorsal fins, they
appeared to startle, suddenly increasing their speed and swimming into test
area #3. Eight other times, they surfaced through the oil, but uncharacter-
istically did not breathe. Rather, they submerged abruptly, creating a
splash, then moved quickly out from under the oil. After one episode,
dolphin BLM-B returned to test area #3, blew a cloud of bubbles and slapped
it's tail on the surface, whereas BLM-C, after swimming quickly into test
area #3, released several loud exhalations in air and bléw bubble clouds
underwater.

No differences were found in the mean duration of dives among the daily
observation periods for individual animals during the oil session. Compar-
ison of dive times among the three dolphins showed minor differences.
Dolphin BLM=-B had a significantly shorter mean dive time in the oil session
(19 sec.) than either dolphin BLM=A or BLM-C (22 and 21 sec. respectively;
X% 6.5; P = 0.04). When compared to their own dive times during the
oil-free period (18, 17 and 17 sec. for BLM-A, B, and C, respectively) all
dolphins exhibited longer dives when oil was present, but the difference was

significant only for dolphin BIM=-A (t = 2.12; P < 0.05).
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Discussion

The dolphins in this study avoided oil. They clearly could detect it,
since they swam under the oil, surfaced alongside in the clean water, but
avoided contacting the oil itself. Their initial reaction was probably
their normal response to a new stimulus, and does not necessarily imply a
conscious avoidance to oil per se. After a short period of acclimation,
each dolphin emerged in the oil, either accidentally or as part of an
investigative process. All reacted immediately and overtly with a startle
response followed by behavior indicative of stress or annoyance. After
emerging two or three times during the first 1.5 hours of exposure, the
dolphins did not again surface in the o0il, either that day or when reintro-
duced to the pool four days later. This contact, though brief, was possibly
a key stimulus reinforcing their complete avoidance of the oil. Yet the oil
was innocuous, indicating that tactile perception alone was enough to evoke
the behavior. This suggests that free-ranging dolphins and, perhaps, whales
feeding and interacting in oil slicks (Goodale et al. 1979, Gruber 1980) do
so, because they do not perceive the oil or are not disturbed by it, or
because their motivation to escape is curbed by other factors. At sea these
factors might include social interaction, pursuit by predators, harassment
by intensive human activity such as might be associated with oil clean-up
operations (Gill et al. 1967, Butler et al. 1974), or dependence on the area
for food. Otherwise, visual and tactile perception leads to clear and

effective avoidance of oil slicks by dolphins in an undisturbed setting.
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4.00 A STUDY TO DETERMINE IF GRAY WHALES DETECT OIL
From a Report Being Prepared by

Hubbs—Seaworld Research Institute

W. Evans, Director

Introduction

Laboratory studies at the Institute for Delphinid Research provided
important data on visual and acoustic abilities of bottlenose dolphins to
detect crude and refined oils. It may be possible to translate the findings
from these studies to other members of the Delphinidae, and perhaps to other
odontocetes, but not to mysticetes. Though mysticetes are presumed to have
keen vision, there is no evidence that they echolocate. Their ability to
detect o0il, therefore, would rely more on vision and perhaps other sensory
modalities; this would have to be established through independent studies.
To determine whether baleen whales detect o0il, a field study was undertaken
by the Hubbs—-Seaworld Research Institute, under the direction of Dr. W.
Evans.

Gray whales, Eschrichtius robustus, annually make a 14,000 to 20,000 km

round-trip migration between summer feeding grounds in the Beaufort, Chukchi
and Bering seas, and winter calving/breeding lagoons off Baja California and
Mexico (Pike 1962, Rice 1965, Rice and Wolman 1971). The whales typically
follow the coastline within 10 km of shore until they reach Pt. Conception,
California, where the majority deflect offshore. Between 5% and 207 of the
whales continue along the coastal route (Dohl, Leatherwood, Woodhouse,
unpublished observations). Extensive observations made on this highly visi-
ble and accessible species provide considerable background data on individ-

ual and group behaviors (Andrews 1914, Wyrick 1954, Leatherwood 1974,
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This study was designed to assess the behavior of gray whales migrating
in the presence of natural oil seeps emanating from the sea floor. Four
land stations and one offshore drilling rig situated along a 50 km portion
of the California coast were used as observatories from January 4 to January
23, 1981. Observers documented the swimming direction and speed,
respiration rate and pattern, and the number of whales migrating through the
study area, as well as the presence and extent of oil seeps in the water.

Supporting behavioral data were obtained from a small aircraft and vessel.

Materials and Methods

The Study Area

Four shore observation sites, which were comparable in elevation and
overlooked areas of similar bathymetry, were selected from Pt. Conception to
Coal 0il Pt., California (Table 4.1, Figure 4.1). The eastern and western
extremities of the study areas were fouled with oil, with at least four
seeps within a 5 km radius of each observation site (Cal. Div. 0il and Gas
Rep. TRO8). The most active seep, near CoalFOil Point, releases a minimum
of 30 barrels of oil per day. The intermediate observation areas at Sacate,
Hondo and Refugio were considered "clean”, although an oil seep has been

documented in each area.

Observation Methods and Data Recording

Shore Stations

Eight observers were randomly assigned in pairs to the shore station; a
single observer was stationed on the fixed oil rig Hondo. A senior observer
at each site levelled and calibrated a surveyor's transit (Geotec T-24 or
Leitz BT-20A) used for all sightings. Data were collected for groups of up

to three whales migrating within a 5 km radius of the station. The



Table 4.1 Summary of Shore Station Characteristics

Observation Inshore Range of Depth  Range Observation
Site Location Comments Center Line Distance Visibility 1 km 5 km Elevation Period
Point 034°26.91'N W of 202° mag 202° mag 200 m 200° 40 m 110 m 64.4 m Jan. 4-10
Conception  120°28.20'W Expected oil Jan. 12
clean
Sacate 034028.25'N  Expected oil 163° mag 200 m 130° 15 m O m 70.5m Jan. 4-16
120017.31'w free to oil
light
>latform 034°23.44'N  Expected oil 267° mag —— 180° 50 m 250 m  41.9m Jan. 4-16
iondo 120907.23'W  free to oil
light
Refugio 034°27.78'N  Expected oil 163° mag 500 m 150° 20 m 70m  48.1m Jan. 11
120904.38'W  free Jan. 13-18 ~
Jan. 20,21,23 o
Joal 011 034°26.00'N  Expected oil 165° mag 200 m 150° 20 m 70m  3l.4m Jan. 4-16

2oint 119°55.19'W  dense
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position of the whales was determined from a compass bearing (azimuth) and
vertical angle (declination), and plotted on a bottom topography map.
Swimming speeds were calculated from the time interval of sightings between
fixed points. Water depth was derived from bathymetric charts. The

frequency and number of blows were recorded for each set of sightings.

Vessel Surveys

Three observers on a small vessel monitored the whales' behavior by
following small groups through the study érea° Whales were approached from
behind to minimize any disturbing effect of the vessel. One observer noted
the number and behavior of whales, blows, presence of oil, and sea and
weather states. A second observer correlated individual blow sightings with
the position of the boat, thereby ensuring that the position fix recorded
for the blow matched the actual location of the whales at the time the blow
occurred. The third observer piloted the vessel and periodically reported
magnetic heading and vessel speed. These data were relayed by intercom to a

recorder, who also noted elapsed time and water depth.

Aerial Surveys

An experienced whale spotter determined location, direction of swim=
ming, number of individuals and general behavior of migrating gray whales,
both in the "coastal corridor” adjacent to the fixed observation points, and
in the "offshore migratory corridor” outside the effective viewing range of
the fixed points. Surveys were flown at 300 m in a Piper Super Cub modified
for spotting fish. Coastal and offshore transects were flown according to
the schedule outlined in Table 4.2.

For offshore surveys, one to four transects were randomly selected from

a predetermined set of transects radiating from Pt. Conception at 10°
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12
14
15

17
20

Date

1/4/81
1/5/81

1/6/81

1/7/81

1/8/81
1/9/81
1/10/81

1/11/81
1/12/81
1/13/81

1/14/81
1/15/81
1/17/81
1/18/81

1/20/81
1/23/81
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Table 4.2 Schedule of Aerial Surveys

Times of Day

1112
0842
0903

1238
1354
0844
1052
1130

1151
0841
0940

1403
0842
1429
0917

0913
1053
1014

0849
1250
1030
0849
0939

1316
1300
0852

1155

1334
0901
1103

1354
1430
1049
1128
1141

1209
0938
1110

1530
1018
1531
1038

1024
1241
1132

1044
1413
1219
0937
1035

1515
1336
1031

1300

Type of Transects

Coastal

Coastal (strip)
Offshore = outbound 18 (1729)

Coastal

inbound 20 (3329)
outbound 21 (1429)
inbound 22 (3129)

Coastal (strip)

Coastal
Offshore
Offshore

Offshore
Coastal
Offshore

Coastal
Coastal
Coastal
Offshore

Coastal
Coastal
Offshore

Coastal
Coastal
Coastal
Coastal
Offshore

Coastal
Coastal
Offshore

Coastal

outbound 23 (1229)
connecting 23 to 20
north end of Santa Rosa
to north end of San
Miguel

inbound 20 (3329)

outbound 19 (162°)
inbound 24 (2929)

outbound 22 (1329)
inbound 19 (342°)

outbound 23 (1229)
inbound 21 (3129)
outbound 18 (1729)

inbound off-track

outbound off-track
inbound 20 (3329)
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intervals (Figure 4.2). Coastal surveys were flown from Coal 0il Pt.
westward to Pt. Conception along a series of fixed headings (Figure 4.3).
Observations were logged on a tape recorder and the data were subsequently

transferred to standard forms.

Monitoring Hydrocarbons

The aerial observer noted position and estimated extent of
concentrations of oil on the surface. In order of increasing thickness, it
was characterized visually as "silvery sheen”, "heavy sheen”,iridescent

sheen”, "dull gray or brown”, "tar globs"™ “tar mat”, and "thick oil"”,

according to the terminology of Allen and Schleuter (1969).

Results and Discussion

Observations made during the three week field program as summarized in
Tables 4.3 through 4.5. Each observation included data on group size, swim-
ming speed and direction, pattern of respiration, water depth and distance
from shore. Statistical tests are presently being used to compare these
data for oil-free and oil-fouled areas. Since the data analysis is not yet
complete, only preliminary statements can be made regarding the reaction of
gray whales to the presence of oil on the surface of the water.

On several occasions aerial observers noted that gray whales, when
approaching oil, changed their swimming direction. The change in behavior
was not accompanied by any change in respiratory pattern or swimming speed,
and in fact may not have been a response to oil. Typically, the whales
would swim through oil, modifying their swimming speed (Table 4.6 and 4.7)
but without a consistent pattern. Analyses of the respiratory behavior
reveals some trends which are now being analyzed for significance. In oiled
waters, the whales seem to spend less time at the surface, blowing less

frequently but at a faster rate (Table 4.8).
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Table 4.3

FIXED SITES:

56

Summary of Observations for Week 1;

z Whales | Z Tracking | No. of | Untracked No. of
Day Trackings | Tracked Time Fixes Whales Sightings
1 12 17 03:09'14" 55 5 132
2 25 61 10:08'19" 149 61 415
3 27 56 16:20°10" 403 63 882
4 21 42 14:37'43" 486 17 838
5 7 18 03:47'04" 50 20 260
6 14 37 10:27'04" 219 13 /67
7 . 20 53 09:04"34" 154 29 390
TOTAL 126 284 67:34'08" 1516 208 3684
AIRCRAFT:
No. of No. of No. of No. of Island | Cow/Calf
Day Flights Sightings | Whales Z Time Flights Pairs
1 1 8 8 2:43
2 5 18 64 5:28 3
3 4 11 39 4:17 3
4 ] 37 95 5:45 3 4
5 1 1 1 2:16
6 3 12 27 6:17
7 5 27 98 3:33 3 1
TOTAL 26 114 332 0:19 12 5
VESSEL:
% No. of No. of Whales | No. of No. of Untracked z Track-
Day Trackings Tracked Fixes Sightings Whales ing Time
1