


(environmental, demographic, and catastrophic stochasticity) and parametric and structural
uncertainty. Several steps were requircd: modifying an existing population model to
accommodate the threats analysis framework, updating survival rates, estimating the fractions of
mortality from various causes, modeling the threats themselves, and developing metrics to
measure the 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 information
available from the USFWS exercise results from a stage-based projection model for Florida
manatees, incorporating environmental 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 presented 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 of change (A and r) by year (NMFS in review, FWRI
2007).

‘ Year | Northern | Peninsular | Total | Two-year Rate of Inst. rate
(NG, Florida Nj Running | Change (A) | of change

| SC, GA) Sum (Rj) 9]

| 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

1998 1,812 59918 61,730 | 105,986 1.0702 0.06782
1999 2,173 56471 58,644 | 120,374 1.1358 0.1273

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 takcs added back into population.

! Base With Figh\er\yvj‘
Model Takes Added |

| ] BackIn |
| Population Trend 0022 ’ -0.019 J
Variance of trend 0.012 1 0012 ]‘
Upper confidence limit 0.039 0.042 |
Lower confidence limit -0.084 -0.080 j
Quasi-extinction risk with J
95% confidence interval in ]

| parentheses J
| @ 25 years ' 0.00 (0, 0) 0.00 (0, 0) '
@ 50 years 0.00 (0, 0) 0.00 (0, O_)J

@ 75 years 0.00 (0, 0.09) L0.00 (0, 0.02) [

L @ 100 years 0.01 (0, 0.46) \ 0.01 (0,0.31) ]

Median time to extinction 207 years 240 years
M | W7years | 240years |




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 | Northern | Peninsular Dry Northern | Total | Running | Rate of | Inst. rate
(NC, SC, Florida Tortugas Gulf (N, sum change of
‘ GA) | (Florida) | (FL, AL) (R)) n 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 0.1275
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
Model Takes Added Back
In
Population trend -0.049 -0.046
 Variance of trend 0.01! 0.011
Upper confidence limit 0.037 0.040
Lower confidence limit -0.135 -0.1322
Quasi-extinction risk with
95% confidence intcrval in
parentheses
J @ 25 years 0.00 (0, 0) 0.00 (0, 0)
t @ 50 years 0.00 (0, 0.03) 0.00 (0, 0.02)
| @ 75 years 0.10 (0, 0.67) 0.06 (0,0.57)
h @ 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 1. 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-cxtinction probabilities and confidence intervals (CI) for 1989-2005
model with Atlantic sea scallop (Placopecten magellanicus) fishery takes for aduit female
western North Atlantic loggerhead sea turtles (Caretta caretta) added back into population.
Quasi-extinction is equal to 250 adult female loggerhead sea turties.

17




i e
‘ 0.1 . - | - - o -- With Fishery Takes -
0.09 +—— o8 ‘ Upper Cl
n [
:‘_:f 0.08 : g—; T ' —e&— With Fishery Takes
B L it Sl B
‘ § ' . a \ -& — With Fishery Takes -
a 005 -—— o % ‘ Lower Cl
§ 004 —— —r — *—r —_ ! N
3 i - o --o  With Fishery Takes
| £ 0.03 — o , . Added Back In - Upper|
| lﬁ 002 T - - r/ . L Cl
0.01 + - o ' | —a— With Fishery Takes |
0. 0 | Added Back In
0 10 20 30 40 50 60 70 80 90 10 " __a _With Fishery Takes |
0 Added Back In - Lower,
" Years in Future J CI,

]

Figure 4. Comparison of cumulative quasi-extinction probabilities and confidence intervals (CI)
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 Pgx = 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). '



1 ) . ‘ _

0 10 20 30 40 50 60 70 80 90 100

! A - With Ten Times |

" 091 T | } Fishery Takes ,

3 08 — [ Removed !

R —e— With Two Times j |
Y S S R Fishery Takes L
! g 05 ' ‘ Removed |
j = 0'4 | - o= = With Fishery Takes J ]
| '% o ! Removed |

£ % - |
| % 02 | —=— With Scallop Fishery,
i 0.1 } Take J
| 01 J
[

} Years in Future i

Figurc 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).

-—



REFERENCES CITED

Bass AL, Epperly SP, Braun-McNeill J. 2004. Multi-year analysis of stock composition of a
loggerhead turtle (Caretta caretta) foraging habitat using maximum likelihood and Bayesian
methods. Cons Gen. 5:783-796.

Bjomdal KA, Meylan AB, Turner BJ. 1983. Sea turtles nesting at Melbourne Beach, Florida. 1.
Size, growth and reproductive biology. Biol Conserv. 26:65-77

DeMaster D, Angliss R, Cochrane J, Mace P, Mcrrick R, Miller M, Rumsey S, Taylor B,
Thompson B, and R. Waples. 2004. Recommendations to NOAA Fisheries: ESA listing
criteria by the Quantitative Working Group, 10 June 2004. NOAA Tech Memo. NMFS-
F/SP0-67, 85 p.

Dennis B, Munholland PL, Scott JM.1991. Estimation of growth and extinction parameters for
endangered species. Ecol Monogr. 61:115-143.

Epperly S, Avens L, Garrison L, Henwood T, Hoggard W, Mitchell J, Nance J, Poffenberger J,
Sasso C, Scott-Denton E, Yeung C. 2002. Analysis of sea turtle bycatch in the commercial
shrimp trawl fisheries of southeast U.S waters and the Gulf of Mexico. NOAA Tech Memo.
NMFS-SEFSC-490. 99 pp.

Epperly S, Braun-McNeill J, Richards PM. 2007. Trends in catches rates of sea turtles in North
Carolina, USA. Endangered Species Rescarch 3:283-293.

Franklin IR. 1980. Evolutionary change in small populations. In: Soule ME, Wilcox BA, editors.
Conservation Biology: An Evolutionary-Ecological perspective. Sunderland (MA): Sinauer;
p.135-150.

Frazer NB, Richardson JI. 1985. Annual variation in clutch size and frequency for loggerhead
turtles, Caretta caretta, nesting at Little Cumberland Island, Georgia, USA. Herpetologica
41(3):246-251.

[FWRI] Fish and Wildlifc Research Institute. 2007. Sea turtle nesting feature page.
http://research.myfwc.com/featurgs/category sub.asp?id=2309. Accessed March 2008.

Ginzburg LR, Slobodkin LB, Johnson K, Bindman AG. 1982. Quasi extinction probabilitics as a
measure of impact on population growth. Risk Analysis, 21:171-181.

Haas 1, LaCasella E, Leroux R, Milliken H, Hayward B. Inreview. Characteristics of sea turtles
incidentally captured in the US Atlantic sea scallop dredge fishery. Fisheries Research.

Holmes E. 2001. Estimating risks in declining populations with poor data. PNAS. 98(9):5072-
5077.

_—



[TUCN] International Union for Conservation of Nature. 2008. JTUCN Red List of threatened
species: 2001 categories & criteria (version 3.1).
http://www.iucnredlist.org/info/categories_criteria200 1

Morris W, Doak D, Groom M, Kareiva P, Fieberg J, Gerber L, Murphy P, Thompson D. 1999.
A Practical Handbook for Population Viability Analysis. New York (NY): The Nature
Conservancy Press; 83 pp.

Morris WF, Doak DF. 2002. Quantitative Conservation Biology: Theory and Practice of
Population Viability Analysis. Sunderland (MA): Sinauer; 480 pp.

Murray KT. 2004a. Magnitude and distribution of sea turtle bycatch in the sea scallop
(Placopecten magellanicus) dredge fishery in two areas of the Northwestern Atlantic Ocean,
2001-2002. Fishery Bulletin. 102(4):671-681.

Murray KT. 2004b. Bycatch of sea turtles in the Mid-Atlantic sea scallop
(Placopecten magellanicus) dredge fishery during 2003. Northeast Fish Sci Cent Ref Doc.
04-11; 25 pp.

Murray KT. 2005. Total bycatch estimate of loggerhead turtles (Caretta caretta) in the 2004
Atlantic sea scallop (Placopecten magellanicusy dredge fishery. Northeast Fish Sci Cent Ref
Doc. 05-12; 22 pp.

Murray KT. 2006. Estimated average annual bycatch of loggerhead sea turtles (Caretta caretta)
in US Mid-Atlantic bottom otter trawl gear, 1996-2004. Northeast Fish Sci Cent Ref Doc.

06-19; 26 pp.

Murray KT. 2007. Estimated bycatch of loggerhead sea turtles (Caretta caretta) in US Mid-
Atlantic scallop trawl gear, 2004-2005, and in sea scallop dredge gear, 2005. Northeast Fish
Sci Cent Ref Doc 07-04; 30 pp.

National Marine Fisheries Service (NMFS). In review. Draft recovery plan for the US Atlantic
population of the loggerhead sea turtle (Caretta caretta). Second Revision. NOAA Tech
Memo NMFS-FPR- ; 283 pp.

Patterson BR, Murray DL. 2008. Flawed population viability analysis can result in misleading
population assessment: A case study for wolves in Algonquin park, Canada. Biol Cons.
141:669-680.

Richardson TH, Richardson JI, Ruckdeschel C, Dix MW. 1978. Remigration patterns of
loggerhead sea turtles (Caretta caretta) nesting on Little Cumberland Island and
Cumberland Island, Georgia. In: Henderson G.E, editor. Proccedings of the Florida and
interregional conference on sea turtles. St. Petersburg (FL): Florida Marine Research
Publications Number 33; p. 39-44.

21




Runge MC, Sanders-Reed CA, Langtimm CA, Fonnesbeck CJ. 2007. A quantitative threats
analysis for the Florida manatee (Trichechus manatus latirostris). US Geological Survey
Open-File Report 2007-1086; 34 pp.

Schroeder BA, Foley AM, Bagley DA. 2003. Nesting patterns, reproductive migrations, and
adult foraging arcas of loggerhead turtlcs. In: Bolten AB, Withcrington BE, cditors.
Loggerhead sea turtles. Washington (DC): Smithsonian Institute Press; p. 114-124.

Shaffer ML. 1981. Minimum population sizes for species conservation. Biosci. 31:131-134.

Snover M. 2005. Population trends and viability analyscs for Pacific marine turtics. PIFSC
Internal Report IR-05-008; 33 pp.

Snover ML, Heppell S.S. In press. Application of diffusion approximation for risk assessments
of sca turtle populations. Ecol Appl.

[SCDNR] South Carolina Department of Natural Resources. 2006. Loggerheadlines July-
December 2006. http://www.dnr.sc.gov/seaturtle/lhl. htm. Accessed March 2008.

[SEFSC] Southcast Fisherics Science Center. 2001. Stock asscssments of loggerhead and
leatherback sea turtles and an assessment of the impact of the pelagic longline fishery on the
loggerhead and leatherback sca turtles of the western North Atlantic. NOAA Tech Memo
NMEFS-SEFSC-455; 343 pp.

[TEWG] Turtle Expert Working Group. 1998. An asscssment of the Kemp’s ridley
(Lepidochelys kempii) and loggerhead (Caretta caretta) sea turtle populations in the western
North Atlantic. NOAA Tech Memo NMFS-SEFSC-409; 99 pp.

[TEWG] Turtle Expert Working Group. 2000. Assessment updatc for the Kemp’s ridley and
loggerhead sea turtle populations in the western North Atlantic. NOAA Tech Memo
NMFS-SEFSC-444; 115 pp.

Wallace BP, Heppell SS, Lewison RL, Kelez S, Crowder LB. In press. Reproductive values of
loggerhead turtles in fisheries bycatch worldwide. J App! Ecol.

Witherington B, Herren R, Bresette M. 2006. Caretta caretta - loggerhead sea turtle.
Chelonian Res Mono. 3:74-89.

Witherington B, Kubilis P, Brost B, Meylan A. Inreview. Decreasing annual nest counts in a
globally important loggerhead sea turtle population. Ecol Appl.

22



