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- REVISIONS TO THE ESTIMATES OF INCIDENTAL SEA TURTLE CAPTURE

ABOARD COMMERCIAL SHRIMP TRAWLING VESSELS

Tomas Vergel C. Jamir, Ph.D.

Intr__oduction

. The ability to correctly estimate sea turtle catch per unit of effort (CPUE) is essential in
~ the derivation of incidental sea turtle catch and mortality estimates and as an index of sea turtle
abundance. Since the ‘publication of “Alternatives to TEDs: Final Report” (GSAFDF 1998),
various colleagues have pointed out discrepancies between the Foundation’s CPUE estimates
from those of Henwood and Stuntz (1987). This was most noticeable with the values derived
from the same “old” NMFS data set. Given the importance of this information to the rational
management of sea turtles in the region, effort was made to track the source of the discrepancies

5o that proper corrections could be made. Copies of the original Henwood and Stuntz (1987)
article, errata sheet and drafts were reviewed and compared with the Foundation’s report. Major

‘inconsistencies were found in the mean catch per unit effort (CPUE) values and their
corresponding confidence intervals. Further analysis showed that these deviations were primarily
due to the difference in the actual statistical analysis used. Instead of calculating the mean CPUE

- @ a ratio of the sums of sea turtles caught and fishing effort (Henwood and Stuntz 1987
Snedecor and Cochran 1980; Cochran 1977), GSAFDF (1998) employed the simple arithmetic

mean of the calculated CPUESs per tow.! o :

Due to various difficulties encountered during the reconstruction of the original raw
dataset, the revisions contained in this paper were confined mainly to corrections in the statistical
analysis and corresponding SAS algorithms. This means that all of the computer runs were done
on the same dataset similar to the one used in'the original paper. Somehow, the “total 100 f net
hours™ effort values for some of the depth and trimester strata came out slightly different
compared to the original GSAFDF (1998) results. Attempts were made to reconcile these minor
differences, however, recollections by the original GSAFDF researchers as to how the individual
. tow data were processed proved problematic. The same was true with respect to the original
Henwood and Stuntz (1987) database as well as that of GSAFDF’s (1998) reconstruction
attempts. Considering that the errors in CPUE estimates resulting from these differences are
negligible (2% and 5% for the whole Gulf and South Atlantic region, respectively),? efforts to
fully reconcile the different data sets were not pursued any further, '

Onge similar statistical procedures were employed, general compatibility (i.e., same order
of magnitude for calculated CPUEs and confiderce intervals) between GSAFDF {1998) and
Henwood and Stuntz (1987) estimates. was achieved. As noted in the original paper; absolute .

! Atchley et al. (1976) regard ratios as “peculiar variables with strange properties that few biologists appreciate.”
Krebs (1989) noted that ratics of two variables are not Just like ordinary measurements and suggested the use of
Cochran’s (1977) formula for estimating the means, standard errors and confidence intervals of ecological ratios,

- 2 Due to the small numbers of sea turtle bycatch relative to the amount of effort spent, CPUE estimates proved more
sensitive to small differences in the number of sea turtles caught and less on the levels of fishing effort,



compatibility of results between this paper and. the original “old” NMFS CPUE could not be
assured due to basic differences in sampling distribution and stratification. For example, while
the total sampling effort allocated by both studies for the Gulf of Mexico was essentially similar,
the allocation of effort by depth zone was completely different. A significant portion (91%) of
the sampling effort in the NMFS data set was concentrated in waters less than 15 fathom deep
- while only 9% was directed in deeper waters. The reverse is true for the GSAFDF data set where
only 7% of the sampling effort was concentrated in waters less than 15 fathoms deep while 93%
was conducted in deeper waters. In the South Atlantic, the effort allocation by depth was similar
‘between the two data sets (99% in waters from 0-10 fathoms), however, the overall effort was
very different (NMFS: 9,998 100° net hours vs. GSAFDF: 696 100’ net hours).

This paper intends to supplement the original GSAFDF (1998) report. In order to
facilitate comparison between the two papers, the original table numbering and presentation
formats were followed. The symbols used in the formulas were modified and a more detailed
presentation of the calculation procedures was also included.

Analytical Method

As stated earlier, efforts were made to trace all of the possible causes of disparities in
CPUE estimates of the two papers. A reconstruction of the raw data processing and correction
procedures was attempted but was discontinued due to difficulties in recollection and basic
differences in the sampling strategies followed by the authors of the two studies. Hence,
subsequent corrections were limited to the major flaws in the statistical method and calculatmn
algorithms used. ‘

Fishing effort was standardized using the Henwood and Stuntz (1987)° procedure and
reflects hours towed on a single trawl net with a 30.5 m long headrope. This procedure assumes
that sea turtle catches are directly proportional to the size of the nets being fished. Therefore, all
- things being equal, it is assumed that a trawl net with a 100 feet headrope will catch twice as
many sea turtles as a traw] net with a 50 feet headrope. A net with a head rope of 100 feet, or

30.5 m, is designated as the standard. Effort (e in 30.5 m net hours) was calculated as follows:

= (f# nets x léhgth/SO 5) (tow time/60)

where e; = standardized effort in hours relative to a smgle trawl witha30.5 m headrope
nets = number of nets towed
length = length of the net’s headrope (meters)
tow tlme minutes fished

3 The corrected version of the formula shown in this section a]ready mcorporated the errata to page 814, line 3 of the
Henwood & Stuntz (1987) artlcle



Sea turtle CPUE (€) and 95% confidence interval (C.1.) were calculated according to the

" ‘methods described- in Cochran (1977), Snedecor and Cochran (1980) and Krebs (1989). The
population parameter to be estunated is the ratio, '

C = total number of sea turtles = X S,

 total standard effort e

where the sums are taken over the population, i= 1, 2, ..., N number of tows
s, = number of individual sea turtles caught per tow

g; = standardized effort (in 30.5 m net hour unit)

The corresponding'. sample estimate® is given by the formula

C=2s5 = (35)
Ze (&)
where the sums are ta[keti over the sample, i=1, 2, ..., n number of tows
C = estimated mean ratio (CPUE) of stoe
observed mean value of s |

§ =
& = observed mean value of e

The standard error for this estimated ratio > ¢ is

8 = 1/2(5.— Ce) \/(1—9)
"E Y n(n-1)

where:
| @ is the sampling fraction= n_
. ' N
Se 1s the estimated standard error of the ratio C
- E is the mean effort of the population

4 In the GSAFDF (1998) Final Report, CPUEs were calculated for each tow, i.e., Q = &; / &;. Then the mean CPUE
was determined from the formula, &=% C;/n fori=1, 2, ..., n. This resulted in large errors in the mean CPUE
estimates due to the uneven levels of effort and presence of numerous tows with zero sea turtle catches.

5. Standard error in the GSAFDF {1998) report was obtained using the formula, SC 2 (C-C».

(n-1)
® This sample estimate contains a bias of the order 1,



If E is unknown, the sample estimate & can be substituted in the denominator (Cochran 1977).

In the last term, 1 - & is the finite population correction or fpc. For small sampling fraction, the
Jpc 1s approximately 1.0 and so the size of the population has no effect on the size of the standard
error. The fpe is usually ignored whenever the sampling fraction is less than 5% (Cochran 1977),
as was the case in Henwood and Stuntz (1987) and in this paper.

The95% CLonC= C+1.96 S,

The coefficient, 1.96, is the Student’s ¢ value for n-1 degrees of freedom for the 1 - o
level of confidence. The 95% confidence interval was selected to maintain direct comparability
of results with the Henwood and Stuntz (1987) article. It should be noted that the estimation of
confidence interval is not valid unless the sample size is “large”™’ since ratio variables are often
skewed to the right and not normally distributed (Cochran 1977, Sukhatma and Sukhatma 1970).
This 1s particularly true when the coefficient of variation of the denominator is relatively high
(Atchley et al. 1976). Therefore, the computed confidence intervals of ratios should be treated
only as an approximation unless the sample size is large (Krebs 1989). Since the lowest CPUE -
value is zero (i.e. no sea turtles caught), all negative values in the C.I. column of the attached
tables should be read as zero. '

Results and Discussion
(a) Reconciliation of NMFS and GSAFDF Data Set

The GSAFDF (1998) table comparing the “old” and “new” NMFS data set (Table 2) was
recalculated to reflect corrected CPUE values. Refer to the original GSAFDF (1998) report for
details on the samples included or excluded from the analysis and the reasons for doing so.
Additional columns were included to show changes in CPUEs between the “old” NMFS and the
“new” NMFS (or GSAFDF-standardized) dataset. The differences in the aggregate CPUE values:
between the “old” and the “new” datasets were minimal (2% for the Gulf and 5% for the
Southeast Atlantic). This suggests that, all things being equal, the standardized dataset would be
expected to produce reasonably simila:r CPUE estimates as the full NMFS data set.

In general, the former GSAFDF (1998) calculation algonthms tend to overestimate sea
turtle CPUEs relative to the present revisions.® This problém was more pronounced for the
Kemp's and green sea turtles where only a few individuals were caught in the Gulf of Mexico
and the Southeast Atlantic regions. Because of this, caution should be exercised when
interpreting derived values from sampling stratum containing only a few sea turtle samples as a
difference of one or two individuals would be enough to create a large percentage change in

? Cochran (1977) provides 2 “rule of thumb” for determining whethera sample size is “large” enough, which is
useful for data that have a strong positive skew {see Sokal and Rohlf (1981) for Fisher’s measure of skewness}.

8  These results are as expected (see Footnote no. 4).



calculated CPUEs. Furthermore, their confidence intervals should also be treated as
approximations. ' '

(b) Catch per Unit Effort

Regional differences in CPUEs were evident in both the NMFS and GSAFDY data sets
~which also reflects the relative level of abundance of sea turtles in those areas. Using the
“standardized” NMFS data set (Table 3a), overall sea turtle CPUEs were 18 times greater in the
Southeast Atlantic (0.0509 turtles/30.5 m net hours) than in the Gulf of Mexico (0.0028
turtles/30.5 m net hours). The same trend holds true for their component sea turtle species, i.e.,
CPUE is 23x higher for loggerheads (Table 4a), 3x more for Kemp’s ndleys (Table 5a) and fﬁx
greater for the greens (Table 6a) in the South Atlantic than in the Gulf® A decade later, results of -
the GSAFDF survey showed a similar relationship. This time, however, the difference in sea
turtle CPUEs between the Gulf and Southeast Atlantic was much greater. For example, the recent
survey results indicate that, overall species, the Southeast Atlantic has 133x higher CPUE than
the Gulf of Mexico (Table 3b); 318x higher for loggerheads (Table 4b), 53x for the Kemp’s
~ ridleys (Table 5b) and 32x greater for the green sea turtles (Table 6b).

The overall sea turtle CPUE in the-Gulf was not significantly higher than estimates made
- ten years ago (i.e., from 0.00281 turtles/30.5 m net hr to only 0.00296 turtles/30.5 m net hr).
uring that time, however the-Southeast Atlantic’s total sea turtle CPUE was not only higher
than the Gulf’s but also registered an 8 fold increase (i.e., from 0.05091 turtles/30.5 m net hr to -
0.39388 turtles/30.5 n net hr). A similar pattern was evident for the loggerheads. Although the
- green turtle’s CPUEs doubled in the Guif and. ircreased eight folds-in the Southeast Atlantic, it
still pales in comparison to the threefold increase in Kemp’s ridley’s CPUE in the Guif and a
huge (57x) CPUE increment in the Southeast Atlantic.

The large regxona.l differences in the observed CPUEs adult sea turtles may be the result
of notable increases in relative sea turtle abundance in the Southeast Atlantic relative to the Gulf.
However, there are several factors that should be taken into consideration when doing this type
of comparison. For example, David Bernhart of NOAA/NMFS Protected Resources Division
(pers. comm.) pointed one key difference between the NMFS and the GSAFDF data that was not
mentioned in the 1998 report. He noted that all of the NMFS data were collected prior to the
implementation of Turtle Excluder Devices (TEDs) while in the 1997-98 GSAFDF data, only the -
observer vessels were fishing without TED. This leads us into a sampling-with-replacement
versus sampling-without-replacement comparison problem. Continuation of the monitoring

program to estimate incidental sea turtle capture by commercial shrimp trawls could shed some
empirical light into this issue. :

(b) Other Observation

Considering the dangers of making generalizations based on limited data, some
interesting patterns could be discerned from a more detailed comparison of sea turtle distribution
by species, depth, season and region. Based on the combined sea turtle CPUE data shown in

? Henwood and Stuntz (1987) gives a 16x difference in turtle CPUEs between the Gulf and South Atlantic for all
species, Sx for the Kemp’s ndleys 18x for the loggerheads and 7x for the greens.



Tables 3a and 3b, sea turtles showed greater concentration in waters shallower than 15 fathoms
in both the Gulf of Mexico and Southeast Atlantic regions. Higher sea turtle CPUEs were also
evident at the Gulf of Mexico during the second trimester (May — August) based on the NMFS
data set and during the first and third trimester based on GSAFDF data set. For the Southeast
Atlantic region, both the NMFS and GSAFDF data set showed higher overall sea turtle CPUEs
during the first trimester (January — April) of the year.

During the NMFS survey, loggerheads were caught mostly within shallow (<15 fm)
depths in both the Gulf and South Atlantic regions (Table 4a). Highest CPUEs were recorded
during the second trimester in the Gulf and the first trimester in the South Atlantic. While the
GSAFDF data set showed the same depth zonation pattern as the NMFS data set for the South
Atlantic (Table 4b), loggerheads were caught mainly within O — 10 fathoms in the Gulf. Highest

CPUEs were also recorded during the first and second trimester in the South Atlantic and on the
third trimester in the Gulf.

The Kemp’s ridley sea turtles were found mostly within the shallow waters of the Gulf of
Mexico (0 — 5 fm; May - August) and Southeast Atlantic (5 — 10-fm; January — April ) based on
either the NMFS (Table 5a) or GSAFDF (Table 5b) data sets. Seasonal or depth distribution
patterns for green turtles cannot be discerned since only 3 green turtles were caught in the Gulf
and 14 samples caught in the Southeast Atlantic.

Consistent with the ﬁndmgs of Renaud et al. (1991) and Epperly et al. (1995), both the
- NMFS and GSAFDF data sets clearly show the importance of inshore areas to sea turtles. The
seasonal difference in the peak CPUE values between the Gulf and South Atlantic may be due to

the species specific rmgration patterns in response to temporal changes the marine environment,
availability of food, spawning conditions, etc.
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