
Fish and Wildlife Research Institute will provide a substantive review of these trends. Our focus 
here was with evaluating the impact of the bycatch mortality in the Atlantic sea scallop fisheries 
on the future of the loggerhead population, and the impact of such biases on our analysis are 
likely immaterial. These biases could, however, significantly influence an analysis of population 
status and perhaps result in inappropriate management decisions. 

The quasi-extinction value selected was also influential, but not as dramatically as the 
population trend. We evaluated Next values of 50 and 250 adult females. With the 1989-2005 
base model, the probabilities of extinction at 100 years were 0.00 and 0.0 I for 50 and 250 
animals, respectively. Larger differences were observed in the 1996-2005 base model, where the 
values were 0.07 and 0.42 respectively. The latter, larger effect is likely due to the increased 
negative population trend. We also considered using the percent of decline approach suggested 
by Snover and Heppell (in press). We estimated the probability of reaching 50% of the current 
population size. Although risks of reaching the threshold were much higher (0.97 and 0.95 in 
100 years) than with the 50 or 250 animal threshold, there were no significant differences 
between the base model and the model with takes added back in. Ultimately, we decided to use 
an absolute value ofNext = 250 adult females largely because this analysis was designed to 
evaluate the risk of extinction resulting from mortalities in the scallop fisheries, and 250 animals 
better represents a threshold extinction value than does 50% of the current population size (Next = 

17,441 adult females). 
The modcl is also sensitive to changes in thc variancc; as the variance increases, thc 

probability of extinction at any point in time increases, and as the variance decreases, 
probabilities of extinction decrease. Here it was assumed that the variance in the population 
trend is largely the same with and without the sea scallop fishery takes. Violations of this 
assumption would not change the intcrpretation of the sea scallop fisheries impacts, unless the 
take estimates were much higher relative to the population size and the variance in the takes was 
large. 

However, the largest issue with variance was not the influence on the outcome but the 
difficulty of providing meaningful tests of significance with large confidence intervals. Using 
bootstrap techniques produced much tighter confidence intervals, but trajectories would need to 
vary considerably to find statistical differences. 

Finally, this analysis was undcrtaken to provide a simple evaluation of the effect that 
loggerhead bycatch in the Atlantic sea scallop fisheries could have on the future viability of the 
WNA loggerhead population. It was not designed to and should not be used to evaluate 
population status. For example, here we implicitly assume that adult female recruitment will not 
change in the future. This is a particularly troublesome assumption because there are data 
suggesting that the number of juvenile loggerhead sea turtles is increasing (e.g., Epperly et al. 
2007). If the increase in juvenile abundance translates into increased adult female recruitment, 
then our estimates of extinction probabilities would be overestimated; however, the relationship 
between the models with and without fishery takes would not be fundamentally changed. A 
staged matrix model, incorporating age-class survival and fecundity, would provide a much 
better evaluation tool to assess population status (and fishery impacts). 

An example of such an evaluation is provided by the US Fish and Wildlife Service's 
(USFWS) recent quantitative threats analysis for the Florida manatee (Trichechus manatus 
latirostris; Runge et al. 2007). The basis of this threats assessment is a comparative population 
viability analysis, which involves forecasting the Florida manatee population under different 
scenarios regarding the presence of threats, while accounting for process variation 
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(environmental, demographic, and catastrophic stochasticity) and parametric and structural 
uncertainty. Several stcps were required: modifying an existing population model to 
accommodate the threats analysis framework, updating survival rates, estimating the fractions of 
mortality from various causes, modeling thc thrcats themselvcs, and developing metrics to 
measure thc impact of the threats. While the conceptual process followed in our analysis of 
loggerhead sea turtles and that used by the USFWS are similar, the additional infonnation 
available from the USFWS exercise results from a stage-based projection model for Florida 
manatees, incorporating environmcntal and demographic stochasticity, catastrophes, density­
dependence, and long-term change in carrying capacity. 

However, recent data to support such an analysis of loggerhead sea turtles are 
incomplete. A comprehensive program to collect these data should be developed and 
implemented so that scientific analyses, such as those prcsented here, can be improved and the 
best possible scientific advice can be provided to NOAA managers tasked with conserving both 
turtle populations and fisheries. 
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Table 1. Counts of loggerhead sea turtle (Caretta caretta) nests at index beaches for 1989-2005 
by subpopulation, biannual totals, and rates ofchange (A and r) by year (NMFS in review, FWRI 
2007). 

Year Northern 
(NC, 

SC, GA) 

Peninsular 
Florida 

Total 

(Nil 

Two-year 
Running 
Sum (Rj) 

Rate of 
Change (A) 

Inst. rate 
of change 

(r) 

I 
I 

1989 1,421 39,091 40,512 

1990 2,466 50,266 52,732 93,244 

1991 2,127 52,802 54,929 107,661 1.1546 0.14377 

1992 1,844 47,567 49,411 104,340 0.9692 -0.0313 

1993 931 41,808 42,739 92,150 0.8832 -0.1242 

1994 2,207 51,168 53,375 96,114 1.0430 0.04212 

1995 1,484 57843 59,327 112,702 1.1726 0.15921 

1996 1,969 52811 54,780 114,107 1.0125 0.01239 

1997 1,100 43156 44,256 99,036 0.8679 -0.1417 

I 1998 1,812 59918 61,730 105,986 1.0702 0.06782 

1999 2,173 56471 58,644 120,374 1.1358 0.1273 
I 2000 1,475 56277 57,752 116,396 0.9670 -0.0336 

2001 1,242 45941 47,183 104,935 0.9015 -0.1037 

2002 1,543 38125 39,668 86,851 0.8277 -0.1891 

2003 1,998 40726 42,724 82,392 0.9487 -0.0527 

2004 549 29547 30,096 72,820 0.8838 -0.1235 

2005 1,766 34872 36,638 66,734 0.9164 -0.0873 
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Table 2. Model results based on 1989-2005 2-year running sum trend with a starting population 
size of 34,881 adult female loggerhead sea turtles (Caretta caretta) and quasi-extinction 
threshold equal to 250 adult females for base model and model with Atlantic sea scallop 
(Placopecten magellanicus) fishery takes added back into population. 

-------,I I~ Base With Fishery I 

IModel Takes Added I I I 
I II Back In I 

-0.019
 

Variance of trend
 

I Population Trend -0.022 

0.012 0.012
 

Upper confidence limit
 0.039 0.042 I 

Lower confidence limit -0.084 -0.080
 

Quasi-extinction risk with
 

95% confidence interval in
 

I parentheses 

@ 25 years 0.00 (0, 0) 0.00 (0, 0) 

@ 50 years 0.00 (0, 0) 0.00 (0, 0) 

@ 75 years 0.00 (0, 0.09) 0.00 (0, 0.02) I 

@ 100 years 0.01 (0,0.31)0.01 (0, 0.46) I 
Median time to extinction 207 years 240 years 
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Table 3. Counts of loggerhead sea turtle (Caretta caretta) nests at index beaches for 1996-2005 
by subpopulation, biannual totals, and rates of change (A and r) by year (NMFS in review, FWRI 
2007). Number in italics were interpolated from adjacent counts. 

Year I Northern Peninsular Dry Northern Total Running Rate of Inst. rate 

I (NC, SC, Florida Tortugas Gulf (Ni) sum change of 
GA) 

I 
(Florida) (FL, AL) (Rj) (A) change 

(r) 
1996 1,969 52,811 249 166 55,195 
1997 1,100 43,156 258 166 44,680 99,875 
1998 1,812 59,918 249 149 62,128 106,808 1.0694 0.0671 
1999 2,173 56,471 292 235 59,171 121,299 1.1357 0.1272 I 

1 

2000 1,475 56,277 242 181 58,175 117,346 0.9674 -0.0331 
2001 1,242 45,941 213 143 47,539 105,714 0.9009 -0.1044 
2002 1,543 38,125 210 149 40,027 87,566 0.8283 -0.1883 
2003 1,998 40,726 208 95 43,027 83,054 0.9485 -0.053 
2004 549 29,547 159 114 30,369 73,396 0.88371 -0.1236 
2005 1,766 34,872 159 120 36,917 67,286 0.91675 -0.0869 
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Table 4. Model results based on 1996-2005 2-year running sum trend with a starting population 
size of 34,881 adult female loggerhead sea turtles (Caretta caretta), and quasi-extinction 
threshold equal to 250 adult females for base model and model with Atlantic sea scallop 
(Placopecten magellanicus) fishery takes added back into population. 

Base With Fishery I 
I T k Add dB kM d I 

I 

o e a es e ac I 

In II 

Population trend -0.049 -0.046 

Variance of trend 0.011 0.011 

Upper confidence limit 0.037 0.040 

Lower confidence limit -0.135 -0.1322 

Quasi-extinction risk with 

95% confidence interval in 

parentheses 

@ 25 years 0.00 (0, 0) 0.00 (0, 0) 

@ 50 years 0.00 (0, 0.03) 0.00 (0, 0.02) 

I 
@ 75 years 0.10 (0, 0.67) 0.06 (0, 0.57) 

, 

@ 100 years 0.54 (0.02, 0.98) 0.42 (0.01,0.996) 

Median time to extinction 98 years 102 years 
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Figure I. Number of Atlantic Ocean loggerhead sea turtle (Caretta caretta) nests recorded at US 
Northern (NC, SC, GA) and Peninsular Florida index beaches from 1989 to 2005 (NMFS in 
review, FWRI 2007). 
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Figure 2. Cumulative quasi-extinction probabilities and confidence intervals (CI) for 1989-2005 
base model with Atlantic sea scallop (Placopecten magellanicus) fishery takes for adult female 
western North Atlantic loggerhead sea turtles (Caretta caretta). Quasi-extinction is equal to 250 
adult female loggerhead sea turtles. 
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Figure 3. Cumulative quasi-extinction probabilities and confidence intervals (CI) for 1989-2005 
model with Atlantic sea scallop (Placopecten magellanicus) fishery takes for adult female 
western North Atlantic loggerhead sea turtles (Caretta caretta) added back into population. 
Quasi-extinction is equal to 250 adult female loggerhead sea turtles. 
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Figure 4. Comparison of cumulative quasi-extinction probabilities and confidence intervals (Cl) 
of 1989-2005 models with and without Atlantic sea scallop (Placopecten magellanicus) fishery 
takes. Quasi-extinction is equal to 250 adult female loggerhead sea turtles (Caretta caretta). 
Note vertical scale runs only through PEX = 0.10. 
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Figure 5. Extinction trajectories for models with and without Atlantic sea scallop (Placopecten 
magellanicus) fishery takes with original 1989-2005 population trajectory compared to 1996­
2005 trajectory. Quasi-extinction is equal to 250 adult female loggerhead sea turtles (Caretta 
caretta). 
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Figure 6. Cumulative quasi-extinction probabilities for 1996-2005 models with various levels of 
mortality removed from the trend. Fishery takes estimated as one time (the Atlantic sea scallop 
[Placopecten magellanicus] fisheries) versus two and ten times the original sea scallop fishery 
take level. Quasi-extinction equal to 250 adult females loggerhead sea turtles (Caretta caretta). 
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