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Overview-why are smalltooth sawfish listed 
on the ESA?

✔ In US, smalltooth sawfish once ranged from mid-Atlantic states to the Florida Keys and throughout 
Gulf of Mexico

✔By late 1990s, range contracted to southwest Florida

From Burgess et al. (2011)



Habitat LossFishing 
Mortality

✔Range contraction between 90-95% and significant reduction 
in encounter records due to habitat loss and fishing mortality

✔US population listed as “Endangered” on ESA in 2003 
✔Recovery plan published in 2009
✔Critical habitat finalized in 2009
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Smalltooth sawfish recovery plan

• Published in 2009

• Recovery objectives:
• Identify, protect and/or restore smalltooth 

sawfish habitats

• ensure smalltooth sawfish abundance 
increases substantially and the species 
reoccupies areas from which it had been 
previously extirpated 

• minimize human interactions, and 
associated injury and mortality 

• Use population viability analysis (PVA) or 
other types of population models to 
evaluate the effect of fishery takes on the 
species’ viability.



Population Viability Analysis
Population viability analysis (PVA) is a modeling tool that estimates the future 
size and risk of extinction for populations of organisms

-predict the probability of the population persisting into the future
-useful tool to explore potential consequences of management actions 
in the light of uncertain data and an ambiguous future

A wide range of modeling approaches are used in PVA, from simple models 
based on abundance trends to complex individual-based habitat models

Given the limited data for smalltooth sawfish, a Leslie matrix approach was 
utilized using inputs of reproduction and survivorship was utilized 
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Original Population Viability Model 
✔Modeling productivity and time to recovery
✔Recovery plan originally predicted recovery to take 100 years
✔Initial information on life history was limited
✔Developed for female proportion of population

Parameter Value Source
Age-at-
maturity:

7 years
11 years

Simpfendorfer (2005)
Carlson (unpublished data)

Maximum age: 30 years Schaerer et al. (2012)

Litter size: 3.1 female pups per year 
(0.758)

Bigelow and Schroeder 
(1953)
Simpfendorfer (2005)
Carlson (unpublished data)

Survivorship:
Age 0 0.87 (0.208) Multiple invariant methods 
Age 1 0.87 (0.131) (e.g. Hoenig (1983); Pauly 

(1980); Chen and 
Watanabe (1989); 
Peterson and Wroblewski 
(1984)
Lorenzen (1996)

Age 2 0.89 (0.104)
Age 3 0.90 (0.093)
Age 4 0.91 (0.087)
Age 5-6 0.92 (0.082)
Age 7-11 0.93 (0.080)
Age 12-30 0.94 (0.080)



Original Population Viability Model
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✔Sources of mortality

✔Three fishery sources identified
✔Commercial shark bottom longline 
✔Recreational rod and reel 
✔Commercial shrimp trawl fishery 



Original Population Viability Model
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✔Initial population size
✔No census population size
✔Based on encounter data, 0.151 sawfish km/2 (Wiley and Simpfendorfer, 2010) 

applied to critical habitat area (1:1 sex ratio)
✔600 female population

✔Chapman et al. (2011) estimated the effective genetic population size (Ne) 
✔Ne can be defined as the number of potential parents contributing their 

genes to the next generation
✔For smalltooth sawfish = ~300 adults (1:1 sex ratio)

✔2250 females

Adult females



Original Population Viability Model
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✔Designed to determine sawfish 
capability to recover under various 
scenarios of the major threats
✔An age-structured Leslie matrix model 

using data in the form of a pre-breeding 
census with inputs of fecundity and 
survivorship
✔Depending on age of maturity 

smalltooth sawfish have moderate 
productivity  based on a comparison 
study by Cortes (2016)



Original Population Viability Model
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✔The population was projected forward for 100 yr for each scenario.  Stochasticity was 
incorporated by randomly drawing values specified in the Leslie matrix and replicating 
each time step 500 times.   

RESULTS

✔Despite a high level of variability, in the absence of fishing mortality the population 
grew at a relatively rapid rate approaching carrying capacity in 40 or 50 years when the 
initial population was 600 or 2,250 females, respectively
✔Population projections under various levels of fishing mortality resulted extinction when 

mortality was highest, initial population size was small, and age-at-maturity was 11 
years
✔Using the optimistic estimates of population size, lower age-at-maturity and the lower 

level of fisheries-related mortality, smalltooth sawfish in US waters appear to have the 
ability to recover within the foreseeable future



Updated Population Viability Model
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✔Since Carlson and Simpfendorfer (2015), new information has been made available 
on life history, genetic population size and threats.  
✔Refined estimates of fecundity
✔Better data on maturity from necropsies and hormonal analysis
✔New analysis on fishery threats
✔Graham et al. (2022) determined bycatch risk associated with the US 

southeast shrimp trawl fishery was significantly higher than all other 
fisheries assessed

✔Updated estimates on genetic population size



Updated Population Viability Model
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✔All species are classified as highly threatened with extinction.  Critically Endangered 
following IUCN criteria 
✔Threats are similar globally to all 5 species
✔Carlson (2023) study was designed as a “case study” to inform how other sawfish 

species have the ability to recovery

Yan et al. (2021)

Targeted fishing and bycatch

Harry et al. (2023)



Updated Population Viability Model
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✔Initial population size
✔New analysis by Smith (2021); Ne=650 
✔Some studies of sharks suggest Ne approximates Nc (census size) (ratios 

0.7-0.8) or ~0.4 for sawfish (Smith 2021)
✔Assumed two scenarios

○ Ratio 0.7-0.8 (average of  sandbar, grey nurse and zebra shark)
○ Ratio ~0.4 Smith (2021)

✔Density of the the number of breeders (Nb)
✔Charlotte Harbor=28–78 individuals (Chapman, unpublished data)
✔Ten Thousand Islands/Everglades Area=284 individuals
✔Density estimates extrapolated to known area of breeding including 

areas in lower Florida Keys
✔Feldheim et al. (2017), determined that 55 females gave birth in the Charlotte 

Harbor Estuary and Smith et al. (2021) determined that 71 females gave birth 
in the Ten Thousand Islands/Everglades Unit
✔Density estimates extrapolated to known area of breeding including 

areas in lower Florida Keys



Updated Population Viability Model
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Parameter Value this study Source Previous value Updated
Age-at-maturity 8 years This study 7 and 11 years Yes

Maximum age 30 years Scharer et al. (2012) 30 years No

Litter size (yr) 2.62 (0.504) Brame et al. (2019)
This study

3.1 (0.758) Yes

Survivorship
Age 0 0.87 (0.208) Carlson and Simpfendorfer (2014) 0.87 (0.208) No
Age 1 0.87 (0.131) 0.87 (0.131)
Age 2 0.89 (0.104) 0.89 (0.104)
Age 3 0.90 (0.093) 0.90 (0.093)
Age 4 0.91 (0.087) 0.91 (0.087)
Age 5-6 0.92 (0.082) 0.92 (0.082)
Age 7-11 0.93 (0.080) 0.93 (0.080)
Age 12-30 0.94 (0.080) 0.94 (0.080)

Initial total 
population size

8075 females
2975 females

1255 females

1695 females

Ne/Nc: (Smith 2021)
Ne/Nc ((Portnoy et al., 2009; Ahohen et al. 
2009; Dudgeon and Ovenden, 2015).
Breeders: (Feldheim et al. 2017); Smith et al. 
(2021)
NB: (Smith, 2021; Chapman, unpublished)

600 females

2250 females

Yes

Carrying capacity 45,000 females Carlson and Simpfendorfer (2014) 45,000 females No
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✔Estimates of fishing mortality by commercial shrimp trawlers were updated based on the 
information in the ESA Section 7 Consultation-Biological Opinion for the US Shrimp Fishery 
(NMFS, 2021). 
✔1806 smalltooth sawfish could be captured over any running 5 years, which equates to 

approximately 180 female and assuming 100%, 75%, 50%, and 25%
✔No new information on shark bottom longline mortality 
✔New estimates of recreational fishing mortality using great hammerhead shark as a proxy 

(Cortes and Baertlein, 2021)
Scenario Initial population size Recreational Fishing 

Mortality
Shark Bottom Longline 

Mortalities
Shrimp Trawl 

Mortalities
1 8075 11 1 45
2 8075 11 1 90
3 8075 11 1 135
4 8075 11 1 180

5 2975 11 1 45
6 2975 11 1 90
7 2975 11 1 135
8 2975 11 1 180

9 1255 11 1 45
10 1255 11 1 90
11 1255 11 1 135
12 1255 11 1 180

13 1695 11 1 45
14 1695 11 1 90
15 1695 11 1 135
16 1695 11 1 180



Updated Population Viability Model
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✔An age-structured Leslie matrix model using 
data in the form of a pre-breeding census with 
inputs of fecundity and survivorship
✔New estimates suggest smalltooth sawfish have 

moderate productivity based on Cortes (2016)
✔Population was projected forward for 100 yr for 

each scenario.  Stochasticity was incorporated 
by randomly drawing values specified in the 
Leslie matrix and replicating each time step 500 
times



Updated Population Viability Model
Results
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✔The most dramatic declining trends resulted largely from the impact on the initial
population size from the highest assumed fishing mortalities (100% and 75% post 
release mortality)
✔Scenarios where the initial population was highest approached carrying capacity within 

20 years when the level of fishing was lowest
✔Scenarios where the population size was smallest were not able to successfully 

replace themselves despite the moderate level of productivity 

Both studies suggest that key input variables for these optimistic 
scenarios is the initial population size and the true level of fishing 

mortality.



Challenges
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✔Still high level of uncertainty in estimates of genetic population size 
✔ (e.g. Ne=650 (95 % confidence limits 367–2358)
✔Reliable estimates are ultimately dependent upon the sampling regimes, number of loci (i.e., 

power of the data), and analytical approaches employed (Waples, 1989; Tallmon et al., 2004; 
Waples and Feutry, 2022).

✔Main current sources of fishing mortality are from the southeast shrimp trawl fishery (Graham et al. 
2022)
✔Estimates also subject to high levels of uncertainty 
✔E.g. In 2009 in stat zone 2, estimated take was 96 (95 % confidence limits 0-351)
✔True rare event or low observer coverage



Ways forward to advance PVA
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✔Refine bycatch estimates
✔ Improve observer coverage and total effort for shrimp fishery
✔Potential for EM (Moncrief-Cox et al. 2020) and electronic logbooks

✔Opportunity for industry involvement

✔Continue to improve life history, post release mortality data and population size 
information
✔Close-kin mark recapture study with Texas A&M University
✔Requires large sample size
✔Can industry assist in collecting samples 
✔Tissue samples and tagging sawfish



QUESTIONS?
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This is a sawfish


