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Tables and Figures

Figure 2. Map of sites sampled in the Gulf of Mexico from 2011 - 2017, as well as the
site of the Deepwater Horizon (DWH) rig explosion (star).
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Figure 3. Sagittal otolith section (15x magnification). White dots represent annuli
locations as determined by myself and Linda Lombardi. The fish was determined to be
14 years old and caught in 2013. Photo courtesy of Linda Lombardi
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Results

Samples Collected

A total of 1353 Golden Tilefish were caught over the seven years of sampling, with
955 otoliths used in otolith-based age determination (Table 1). The remaining Golden
Tilefish were not aged either because the otoliths were never extracted in the first place
(e.g. station and size-specific sampling quotas were met), or because the otoliths cracked
and became unusable during the extracting and sectioning processes. Catch per 1000
hook hours was highest in the De Soto canyon region (Figure 4). USA sampling yielded
1293 fish, and 140 fish were caught in Mexico (Table 1). Of the USA fish, 1025 were
determined to belong to the “DWH” grouping, while 268 fish were sampled from all

other US sites (Table 2; Figure 5).

Age Determination

Reader precision and percent agreement estimations were calculated between the
primary readings and primary and secondary readers. My Average Percent Error (APE)
between first and second readings was 8.4%. APE between my readings and Dr.
Lombardi’s readings was 11%. Age uncertainty was highest in fish older than 15 years of
age, although only a small number of fish were aged by two different readers for that age
class (Figure 6). Percent agreement was 89% + 3 bands between my readings, and 78% +

3 bands between my readings and Dr. Lombardi’s readings.
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Country of Capture

Temperatures and depths at which Golden Tilefish were caught were similar
among sites in the USA and Mexico (Figure 7). Both the native Kolmogorov-Smirnov
test and the bootstrapped Kolmogorov-Smirnov test with 1000 bootstrap iterations
indicated a difference in length distributions between the USA and Mexican samples
(native p-value = 0.046%, bootstrap p-value = 0.028%, full sample statistic = 0.132). The
dominant size group of Golden Tilefish from both countries was the 50 cm length class
(Figure 8). There were relatively fewer older Golden Tilefish found in Mexico than in the
USA (Figure 9). The Empirical Cumulative Distribution Function of Golden Tilefish
from the USA and Mexico also illustrates the larger mean and median size of Golden
Tilefish caught off Mexico (Figure 10). Therefore, I reject the null hypothesis; there is
evidence that the length distributions were significantly different between Golden
Tilefish from the USA and Golden Tilefish from Mexico.

Calculated parameters for the length-weight relationship were similar for Golden
Tilefish between the USA and Mexico (ANCOVA of  parameter: p value = 0.166 n.s., F
= 1.921; Table 3). Predicted length-weight curves plotted on the raw data illustrate the
lack of statistical difference in the length-weight relationship of Golden Tilefish from the
USA and from Mexico (Figure 11). Therefore, I fail to reject the null hypothesis of no
difference in the § parameter between Golden Tilefish from the USA and Mexico.

Despite the similarity in length-weight relationship parameters, there is evidence
that condition estimates significantly differ between fish caught from the USA and
Mexico. Mean, median, and quartile estimates for both Fulton’s condition factor and
relative condition factor are predicted to be higher for fish from the USA than for fish

from Mexico (Figure 12-13). Additionally, the mean estimates for both Fulton’s
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condition factor and relative condition factor were found via a Welch’s t-test to
significantly differ between fish from the USA and Mexico (p < 0.001*** for both tests).
However, HSI does not significantly differ (p = 0.852 n.s.). Although samples were
collected in different months, there is no statistically significant difference in HSI by
month of capture (p = 0.503 n.s.; Figure 14). I reject the null hypothesis for differences
by country in both Fulton’s condition factor and relative condition factor, but fail to
reject the null hypothesis for differences by country in HSI.

However, von Bertalanffy growth curve parameters are consistent between the
two countries (Table 4). Predicted growth curves for Golden Tilefish from both the USA
and Mexico were plotted with each other along with bootstrapped 95% confidence
intervals, however, there is not much overlap (Figure 15). Results from Kimura’s
likelihood ratio test model selection technique indicated only a significant difference in
the K model parameters between USA and Mexico (Table 5). AIC and BIC model
selections, however, suggested that the best model was the one where only L. differed
between parameterizations (Table 6). Therefore, I fail to reject the null hypothesis of no
difference in groups, as there was evidence that at least one von Bertalanffy parameter
differed between the growth curves.

The total instantaneous mortality rate (Z) for Golden Tilefish from the USA (0.26

+ 0.03), calculated as the slope of the descending limb of the catch curve, was lower than

for fish from Mexico (0.39 + 0.05; Table 7; Figure 16). The age range used was 10 - 18
years. An ANCOVA comparing the slopes of the descending limbs revealed that the
difference in Z between the USA and Mexico is statistically significant (p = 0.017%).
Therefore, I reject the null hypothesis; the total instantaneous mortality rate was

significantly different between Golden Tilefish caught in the USA and in Mexico.
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DWH Spill Perimeter

Both the native Kolmogorov-Smirnov test between length distributions from
Golden Tilefish caught in the vicinity of the DWH site and Golden Tilefish caught
elsewhere in the USA and the bootstrapped K-S test indicated no statistically significant
difference (p-value = 0.496 n.s. and p-value = 0.379 n.s., respectively). Again, the most
prevalent length class was 50 cm for both groupings (Figure 17). Age distribution was
relatively consistent between Golden Tilefish caught in the DWH-affected area and fish
caught elsewhere in the USA (Figure 18). Similarities in the length distribution
according to DWH site membership is also apparent by examining the ECDF of both
groupings (Figure 19). Since the bootstrapped p-value was greater than 0.05 for the K-S
test, I fail to reject the null hypothesis of no difference in length distributions.

Additionally, the length-weight relationships were similar between groupings
(Figure 20; Table 8). The ANCOVA for the linear regressions of In(weight) on In(length)
for Golden Tilefish from DWH sites and all other US sites was not statistically
significant (p = 0.691 n.s.), therefore I fail to reject the null hypothesis of no difference
in the length-weight parameters between groupings.

Both Fulton’s condition factor and relative condition factor were marginally
larger at DWH sites than all other sites (Figure 21-22). The t-tests on both the Fulton’s
condition factor mean and the relative condition factor mean were statistically
significant (p < 0.001*** for both tests). However, mean values of HSI do not
significantly differ (p = 0.896 n.s.). Therefore, I reject the null of no difference in
measures of condition for Fulton’s condition factor and relative condition factor, but fail

to reject the null for differences in HSI.
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The predicted von Bertalanffy growth curves, with bootstrapped 95% confidence
intervals, overlap when plotted, although the estimated parameters differed (Table 9;
Figure 23). The likelihood ratio test suggested that the difference in parameters between
DWH Golden Tilefish and all other US fish is in both L. and K (Table 10). AIC and BIC
model selection both confirmed the model where both L. and K differ between
groupings as the best model (Table 11). I fail to reject the null hypothesis; there was a
statistically significant difference in some of the von Bertalanffy parameters between
groupings.

The estimated mean total instantaneous mortality rate for fish from the DWH
site was approximately 50% higher than elsewhere in the USA (0.32 £ 0.02 & 0.21 £
0.03, respectively; Table 12; Figure 24). The age range used was 10 - 25 years.
Subsequently, an ANCOVA testing difference between the slopes of the descending
limbs was statistically significant at o = 0.05 (p-value = 0.030%). Therefore, I reject the
null hypothesis that there was a statistically significant difference in total instantaneous
mortality rate between Golden Tilefish caught around the DWH site and Golden Tilefish

caught elsewhere.

Before and After DWH Spill

The pre-spill group consisted of 1776 fish, with 1732 ages analyzed (Table 13;
Figure 25). The dominant length class was 50 cm for both Golden Tilefish caught before
and after the DWH oil spill (Figure 26). The age frequency of Golden Tilefish caught
pre-spill is also consistent with the age frequency of fish caught post-spill (Figure 27).

Although the length distributions analyzed by a bootstrapped K-S test were significantly
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different (p-value = 0.012*), the ECDF shows little difference in the cumulative
distributions between groupings of fish (Figure 28). However, since the K-S test p-value
is significant, I reject the null hypothesis of no difference in size distribution between
Golden Tilefish caught before the DWH spill and after.

Length and weight distributions were similar between the two groupings, as
evidenced by the estimated parameters and the plotted regression curves (Table 14;
Figure 29). As indicated by an ANCOVA of the log(length)-log(weight) relationships,
there was no significant difference in  between Golden Tilefish caught before the DWH
oil spill and after (p = 0.904 n.s.). I fail to reject the null hypothesis of no difference in
the length-weight relationship between groupings.

While the 95% confidence intervals for both condition factors are wider for
Golden Tilefish caught after the DWH spill, the mean condition factors are higher
(Figure 30-31). Welch’s t-tests confirm that there are significant differences in the mean
condition factor values between both groupings of fish (p < 0.001*** for both tests). I
therefore reject the null hypothesis of no difference in condition factors pre- and post-
spill.

Estimates of the von Bertalanffy growth parameters for fish caught before the
DWH oil spill and after are also similar (Table 15). The predicted von Bertalanffy growth
curves and bootstrapped 95% confidence intervals overlap when plotted, but the
likelihood ratio test suggested that that the statistically significant difference in
parameters was in L. and t, (Table 16; Figure 32). AIC model selection process also
selected the model where L. and t, differ as the best model, but BIC model selection
process selected the model where only t, differs as a parameter as the best model (Table

17). However, since BIC model selection is not a hypothesis test, I reject the null
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hypothesis of no difference in L. and t, between Golden Tilefish caught before and after
the DWH oil spill. However, I fail to reject the null hypotheses for differences in K.

The total instantaneous mortality rates for Golden Tilefish caught before the
DWH oil spill and after the spill were similar (before Z = 0.31 £ 0.02, after Z = 0.32 +
0.02; Table 18; Figure 33). The age range used was 10 - 18 years. Additionally, an
ANCOVA on the descending limbs suggested no statistically significant difference exists
in slopes (p = 0.759 n.s.). Therefore, I fail to reject the null hypothesis of a significant
difference in total instantaneous mortality rate between Golden Tilefish caught before

and after the DWH spill.

Tables and Figures

Table 1. Number of Golden Tilefish sampled and otoliths collected by country caught
and year.

USA Mexico
Year Fish Sampled Total Ages Determined Fish Sampled Total Ages Determined
2011 82 73 - -
2012 431 172 - -
2013 165 97 - -
2014 160 58 - -
2015 180 168 44 39
2016 142 134 96 91
2017 133 123 - -
Total 1203 825 140 130
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