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that there was no relationship be
tween monthly sea turtle strand
ings and shrimp fishing effort in the
northwestern Gulf of Mexico coast
during 1986-89.

Sea turtles would not be captured
in shrimp trawls if the temporal
spatial distributions of sea turtles
and shrimp fishing effort did not
overlap to some extent. However,
we have no a priori reason to expect
that temporal-spatial distributions
of sea turtles and shrimp fishing ef
fort match exactly. Shrimp trawling
in the northwestern Gulf varies sea
sonally and spatially as related to
the annual cycle of occurrence and
abundance of short-lived penaeid
shrimp (Kutkuhn 1962, Neal and
Maris 1985). It is most intense
during spring and summer when
surface waters are warm. Shrimp
spawn in the Gulf where the eggs
hatch and larvae develop as they are
carried toward the estuaries in
spring and early summer. As post
larvae, shrimp enter the estuarine
nursery areas where they grow for
several months before emigrating
to the Gulf and becoming vulnerable
to the offshore shrimp fishery. There
they continue to grow and migrate
to deeper waters to spawn while be
ing exploited by the fishery. In con
trast, sea turtles are long-lived and
can be exposed to mortality risks
for decades. Based on strandings,
commercial and recreational fishing
bycatch, and aerial surveys, sea
turtles are most abundant in the
northwestern Gulf during spring or
early summer, with a lesser peak in
abundance in autumn (Hildebrand
1982, Fritts et al. 1983, Thompson
1988, Magnuson et al. 1990).
Waters of the northwestern Gulf
are foraging habitat for the turtles,
and they are used as migratory
routes when the turtles move north
ward in spring and southward in
autumn (Hildebrand 1982, 1983).
The most numerous species in the

An increase in sea turtle strandings
during commercial penaeid shrimp
fishing seasons and a decrease with
the closing of these seasons have
been observed on the Atlantic coast
of the southeastern United States
(Hillestad et al. 1978, Talbert et al.
1980, Ruckdeschel and Zug 1982,
Booker and Ehrhart 1989, Schro
eder and Maley 1989). The relation
ship between sea turtle strandings
and shrimp fishing in the north
western Gulf of Mexico has received
less attention (Rabalais and Raba
lais 1980, Amos 1989, Whistler 1989,
Magnuson et al. 1990), although
Texas and Louisiana together pro
duce most (almost 74% during
1986-89) of the offshore (seaward
of barrier islands) commercial catch
of penaeid shrimp in the southeast
ern United States. In this study, we
used product-moment correlation
analysis to test the null hypothesis

Incidental capture of sea turtles in
shrimp trawls is the most important
human cause of sea turtle mortality
(Magnuson et al. 1990). Offshore
stocks of penaeid shrimp were dis
covered in the Gulf of Mexico in the
mid-1930s, and expansion of the off
shore shrimp fishery began in the
late 1940s following World War II
(Whitaker 1973, Krauthamer et al.
1984, Tetty and Griffin 1984, Ray
burn 1989). The industry continued
to expand and improve its fishing
technology into the 1980s. During
the same period when shrimping
effort was increasing and harvest
ing technology was improving, the
abundance of sea turtles declined
(Magnuson et al. 1990).

Sea turtle strandings along
coastal shorelines of the southeast
ern United States have been used
as one index of mortality due to
shrimping (Magnuson et al. 1990).
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Figure 1
Boundaries of upper coast (shrimp statistical subareas 17-18) and lower
coast (subareas 19-21) and 5fm (9.1 m) depth intervals of the north
western Gulf of Mexico (see Kutkuhn 1962, Patella 1975).

northwestern Gulf are the loggerhead Caretta
caretta and Kemp's Ridley Lepidochelys kemp-i
(Rabalais and Rabalais 1980, Thompson 1988,
Amos 1989, Whistler 1989).

This study deals with monthly sea turtle
strandings along shorelines and shrimp fishing
effort seaward of shorelines in the northwest
ern Gulf. Strandings are observed for the most
part on barrier beaches, so they can be sum
marized in linear distance units of shoreline.
Shrimp fishing effort is reported as days fished
within spatial units represented by shrimp
statistical subareas and 5-fathom (fm, 9.1m)
depth intervals (Kutkuhn 1962, Patella 1975).
To test the null hypothesis, we paired monthly
strandings along segments of shoreline with
monthly shrimping effort within 5-fm depth in
tervals in the adjacent offshore waters. This
was done because it was expected that the far
ther offshore the shrimping took place, the less
likely sea turtles impacted by such shrimping
would reach the shoreline, due to combined ef
fects of surface currents, winds, waves, tides,
action by scavengers (e.g., sharks) and decom
position of turtle carcasses (Heinly et al. 1988,
Murphy and Hopkins-Murphy 1989, Shoop and
Ruckdeschel1989, Whistler 1989). Also, it is
possible that temporal-spatial distributions of
sea turtles and shrimp fishing activities overlap
only within certain depth intervals (Magnuson
et al. 1990).

Materials and methods

Since 1980, sea turtle strandings along the coasts of
the southeastern United States have been compiled
by the Sea Turtle Stranding and Salvage Network
(STSSN, Schroeder 1989). Shrimp fishing effort
statistics in the Gulf have been compiled since 1956
(Kutkuhn 1962). Our analyses were based on data from
1986-89, including sea turtle strandings available from
the STSSN database at the National Marine Fisheries
Service's (NMFS) laboratory in Miami, Florida, and
shrimp-fishing effort data available from the NMFS
laboratory in Galveston, Texas.

Schroeder (1989) described the STSSN and pro
cedures used to document sea turtle strandings. State
coordinators review and verify the stranding data sub
mitted by network participants, then forward them to
the NMFS laboratory in Miami, Florida, where the
database is maintained. The database is not indepen
dent of the distribution of human-induced mortality fac
tors, temporal-spatial coverage is rarely uniform, and
most beaches are surveyed by volunteers (Magnuson

Z9 0 •

96 0 W

Texas

Gulf of Mexico

et al. 1990). To improve temporal-spatial coverage and
supplement voluntary coverage, the NMFS Galveston
Laboratory initiated year-round surveys along the
coasts of southwestern Louisiana and Texas in 1986
(Heinly et al. 1988). Four-wheel-drive trucks, off-road
motor cycles, or all-terrain vehicles were used to survey
accessible gulfside shorelines at least once per month,
from the Mermentau River, Louisiana, to the Texas
Mexico border (Fig. 1). The National Park Service
surveyed the Padre Island National Seashore near Port
Aransas, Texas, and the U.S. Fish and Wildlife Ser
vice and Texas Parks and Wildlife Department assisted
in surveying Matagorda 1. near Port O'Connor, Texas.
Reconnaissance flights conducted at least once monthly
were used to search for stranded turtles on San Jose 1.
near Corpus Christi, Texas.

For our analyses, sea turtle strandings (all species
combined) in the northwestern Gulf of Mexico during
1986-89 were extracted from the STSSN database.
Records of turtles caught by various commercial and
recreational fishing methods were deleted. Also deleted
were strandings of head-started (captive-reared) sea
turtles, because their distribution is influenced to some
extent by where they are released (Manzella et al. 1988,
Fontaine et al. 1989).
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Percent of shrimp fishing effort

Upper coast2rn

Shoreline

Shrimp statistical Accessible Total Percent of
subarea2 (km) (km) total

317-18 212 245 86.5
19-21 408 420 97.1

317-21 620 665 93.2

0.0-9.1
9.1-18.3

18.3-27.4
27.4-36.6
36.6-45.7
45.7-54.9
54.9-91.4

measure of shrimping intensity. Standardized fishing
effort per unit area (E) was expressed as days fished
per 100km2•

Product-moment correlation analysis requires that
the two variables have normal distributions. Neither
standardized strandings (S) nor fishing effort (E) were
normally distributed, as shown by large departures of
their skewness and kurtosis coefficients from zero
(Table 3). Therefore, we logarithmically transformed
both variables, after adding 1 to each value of Sand
E (because some values were zero). The logarithmical
ly transformed variables had skewness and kurtosis
coefficients closer to zero, thus approaching normal
ity. For each of the 12 combinations of two geographic
zones and six depth intervals, product-moment correla-

Depth

fm

Zone

Table 2
Distribution of shrimp fishing effort on the upper and lower coasts of north
western Gulf of Mexico by depth, 1986-89.1

Upper coast
Lower coast

Table 1
Extent of accessible shoreline surveyed for sea turtle strandings during 1986-89
compared with total shoreline within the upper and lower coasts of north
western Gulf of Mexico l

.

0-5
5-10

10-15
15-20
20-25
25-30
30-50

Total

Total

1 Adapted from data provided by Frank Patella, NMFS Galveston Lab., pers.
commun., June 1990.

2Shrimp statistical subareas 17 and 18 (Fig. 1; see also Kutkuhn 1962).
3Shrimp statistical subareas 19-21 (Fig. 1; see also Kutkuhn 1962).

1Derived from measurements made using dividers on National Ocean Service
(NOAA) nautical charts.

2Figure 1; see also Kutkuhn (1962).
30nly the accessible shoreline west of the Mermentau River, Louisiana, was
surveyed for strandings in subarea 17.

The monthly sea turtle strandings and
shrimp fishing effort were separated into
two geographic zones: the upper coast
(subareas 17-18) and lower coast (sub
areas 19-21). This was done because the
upper coast has a wider continental shelf
than the lower, so the distance a dead,
sick, or injured sea turtle would have to
travel from a particular depth interval to
the shore is greater on the upper coast
than on the lower (Fig. 1). Due to difficul
ty of access, the small portion of subarea
17 east of the Mermentau River in south
western Louisiana was not surveyed for
strandings, so approximately 86% of the
coastline of the upper coast zone was
surveyed for turtle strandings (Table 1).
For this reason, we included in the upper
coast zone only those turtle strandings
that occurred west of the Mermentau
River. We could not place a similar
boundary restriction on the fishing effort
data, so the eastern boundary of subarea
17 marked the eastern boundary of the
upper coast in this regard. However,
strandings and fishing effort were stan
dardized to strandings per linear distance
of shoreline and to days fished per unit
area, respectively, so the exclusion of
strandings east of the Mermentau River
should have had little if any effect on our
results.

Our analyses included fishing effort
from the six 5-fm intervals between 0 and
30fm (54.9m) in shrimp statistical sub
areas 17-21. We did not include effort
data beyond 30fm, because only 6% of
the shrimping effort on the upper coast
and 8% on the lower coast occurred sea-
ward of 30fm during 1986-89 (Table 2).

Monthly sea turtle strandings within the upper and
lower coasts were standardized by dividing them by
distance of accessible shoreline (Table 1) in these two
zones, respectively, to obtain the monthly turtle strand
ings per 100km (8). We used the amount of surface
area within shrimp statistical subareas and 5fm depth
intervals, as determined by Patella (1975), to standar
dize monthly fishing effort within the upper and lower
coasts by depth interval. The surface area within a
depth interval was usually greatest nearshore and
decreased seaward in both zones (Fig. 1). For each 5-fm
depth interval, monthly fishing effort in the upper and
lower coast zones was divided by the surface area of
the geographic unit (zone x depth interval) within
which the effort occurred, to standardize effort to a
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Table 3
Descriptive statistics for untransformed and transformed monthly sea turtle strandings and shrimp
fishing effort for the upper and lower coasts of northwestern Gulf of Mexico during 1986-89.

Sea turtle strandingsl Shrimp fishing effort2

Upper coast Lower coast Upper coast Lower coast

Untransformed
n 48 48 288 288
Mean 4.16 3.18 13.26 17.82
Variance 43.15 9.15 509.35 374.03
Skewness coeff. 2.66 1.98 4.32 4.46
Kurtosis coeff. 7.60 4.50 22.37 31.84
Minimum 0.0 0.0 0.0 0.0
Maximum 31.7 14.7 170.1 197.4

Transformed3
n 48 48 288 288
Mean 1.13 1.23 2.07 2.57
Variance 0.92 0.38 1.01 0.80
Skewness coeff. 0.66 0.36 0.51 -0.41
Kurtosis coeff. -0.29 -0.05 0.23 0.44
Minimum 0.0 0.0 0.0 0.0
Maximum 3.49 2.75 5.14 5.29

I Per 100km of accessible shoreline.
2Per 100km2 of surface area.
3To natural logarithms after addition of 1 to each observation.
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tions between 48 pairs (12 months x 4 years) of In
(S + 1) and In(E + 1) were determined.

Results

Scatter plots for geographic zones and depth intervals
for which In(S + 1) was significantly (P< 0.05) cor
related with In(E + 1) are shown in Figure 2. On the
upper coast, the three correlation coefficients, r, that
differed significantly from zero were positive and
occurred with fishing effort in the 0-5,5-10, and 10-15
fm intervals. On the lower coast, r was significantly
different from zero and positive only with fishing ef
fort in the 5-10 and 10-15fm intervals. These correla
tions indicated that turtle strandings increased as
fishing effort increased in waters landward of 15fm.
Correlation coefficients for fishing effort in other depth
intervals within the two zones did not differ significant
ly from zero.

The five significant correlations (P<0.05) were
detected despite the relatively coarse temporal-spatial
scale of the data sets (Fig. 2). Although they were of
moderate strength, ranging from 0.327 to 0.512, even
the lowest among them had a very small probability
(P 0.0232) of occurring due to chance alone (Fig. 2).
P was even smaller for the other four significant cor-

relations. There was no significant (P>0.05) heterog
eneity among the five correlation coefficients.

The means of the transformed strandings for the
upper and lower coasts did not differ significantly
(Table 3). However, the upper coast exhibited more
months in which there were no strandings than did the
lower coast (Fig. 2). The mean of transformed fishing
effort on the lower coast was significantly higher than
that for the upper coast, indicating a higher average
fishing intensity on the lower than upper coast in
waters landward of 30fm.

Loggerheads and Kemp's Ridleys occurred most
frequently in the strandings, followed by hawksbills
Eretmochelys imbricata, greens Chelonia mydas, and
leatherbacks Dermochelys coriacea (Table 4). Turtle
strandings occurred year-round with peaks in April and
May, and with a secondary peak in August. Annual
strandings declined over the years covered by the
study, with 417,259,188, and 183 strandings reported
in 1986-89, respectively.

Discussion

The distributions of sea turtles and shrimp trawling
must overlap to some degree because it is well docu
mented that sea turtles are caught in shrimp trawls
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(Murphy and Hopkins-Murphy 1989, Magnu
son et al. 1990). In fact, sea turtles may con
gregate in shrimping areas to feed on dis
carded bycatch (Shoop and Ruckdeschel1982,
Ruckdeschel and Shoop 1988). However, no
cause-and-effect relationship between sea
turtle strandings and shrimping has been
demonstrated to date.

It is noteworthy that our analyses detected
significant correlations despite the wide varia
tion inherent in turtle stranding and fishing
effort data. These significant positive correla
tions are circumstantial evidence of a linkage
between strandings and shrimping, but do not
demonstrate that the strandings were caused
by shrimping. Strandings and shrimping occur
year-round and both are strongly seasonal,
with peaks during warm months. The correla
tions we detected are consistent with earlier
findings that incidental capture in shrimp
trawls is the major cause of sea turtle mortal
ity associated with human activities, but it is
also recognized that other fisheries, dredging.
collisions with boats, oil-rig removal with
underwater explosives, entrainment in power
plants, and directed take contribute to sea
turtle mortality at sea (Magnuson et al. 1990).

Interpretation of statistical relationships
between sea turtle strandings and shrimp
trawling activity is confounded by the dynam
ics of waterborne transport of stressed, in
jured, or dead turtles to stranding sites.
Surface currents, winds, waves, tides, and
scavengers, as well as conditions affecting the
buoyancy of turtles, can affect their transport
toward or away from shore (Murphy and
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Figure 2
Scatter plots for significant (P<0.05) correlat.ions between transformed
monthly sea turtle strandings, In(S+ 1), and transformed monthly shrimp
fishing effort, In (E +1), on upper coast (shrimp statistical subareas 17-18)
and lower coast (subareas 19-21) of the northwestern Gulf of Mexico
during 1986-89.
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Table 4
Species composition of sea turtle strandings in the northwestern Gulf of Mexico by month, summed over years 1986-89.

Species Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Loggerhead 9 10 46 146 95 33 40 37 31 29 19 20 515
Caretta caretta

Kemp's Ridley 0 6 36 82 48 36 27 51 23 22 17 9 357
Lepidochelys kempi

Hawksbill 0 1 2 0 1 5 4 15 18 14 2 5 67
Eret1nockelys imbricata

Green 1 0 5 7 6 6 2 2 0 4 1 4 38
Chelonia mydas

Leatherback 0 0 1 8 5 3 0 1 0 2 3 0 23
Dermochelys coriacea

Undetermined 0 0 6 6 2 5 10 4 5 6 1 2 47

Total 10 17 96 249 157 88 83 115 77 78 43 40 1047
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Hopkins-Murphy 1989, Shoop and Ruckdeschel1989,
Whistler 1989). In the northwestern Gulf, tidal currents
move water toward shore, and waves and surface drift
transport floating objects to the beach from longshore
currents (Collard 1990, Collard and Ogren 1990). Swim
ming and diving abilities may be reduced in stressed
or injured sea turtles, causing them to remain at or
near the surface while being transported more or less
passively. The longer a carcass remains in the water,
the longer it would be subjected both to decomposition
and scavengers which could cause it to disarticulate,
release bloating gases, and sink. Not all turtles that
become stranded are documented by the STSSN. Thus,
reported strandings of sea turtles provide an incom
plete measure of those that are killed or injured by
humans or that succumb to natural mortality factors
at sea (Murphy and Hopkins-Murphy 1989).

On the upper coast, significant correlations were
observed in 0-15fm where 710/0 of the shrimp fishing
effort on the upper coast occurred during 1986-89
(Table 2, Fig. 2). Significant correlations were observed
on the lower coast in 5-15fm where 33% of the lower
coast effort occurred. Such correlations suggest that
the impact of shrimping on sea turtles may occur within
15fm seaward of the coastline, and this is consistent
with the conclusion by Magnuson et al. (1990) that in
cidental capture of sea turtles in shrimp trawls occurs
for the most part in depths up to 27m (15fm). However,
on the lower coast 5% of the shrimp fishing effort oc
curred in the 0-5fm interval, and we observed no
significant correlation for that interval.

It is neither practical nor cost-effective to attempt
characterization of all conditions and factors that in
fluence whether sea turtles become stranded and where
and when they become stranded in relation to various
causes of mortality, injury, stress, or illness at sea.
However, year-round coverage is essential to monitor
ing temporal variations, and it provides biological
samples, specimens for necropsy, and other informa
tion that can be compared with human activities and
oceanographic variables in examining the causes of
strandings.
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