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ABSTRACT. – Freshwater megafauna populations, which are declining worldwide, are well known
but often overlooked and understudied compared with marine and terrestrial megafauna. One
species of freshwater megafauna is the Suwannee alligator snapping turtle (Macrochelys
suwanniensis), which is endemic to the Suwannee River drainage in Georgia and Florida.
Several trapping studies have examined M. suwanniensis distribution, body size, and population
structure, but little information exists regarding its population status. The objectives of our
study were to 1) estimate population size, 2) estimate apparent survival, and 3) model
population growth rates (k) by conducting a capture–mark–recapture study of M. suwanniensis
in the Suwannee River in Florida. From 2011 to 2013, we repeatedly sampled 12 randomly
selected 5-km sites along the Suwannee River for M. suwanniensis using baited hoop-net traps.
We captured 126 individuals and had 29 recaptures. Both adult males and adult females had
very high apparent survival (0.99), whereas juveniles had lower apparent survival (0.32). We
estimated a population density of 6.6 turtles/river km, indicating a population of 1709 (95% CI,
1205–2694) M. suwanniensis from the town of White Springs to the upper limit of the estuary in
the main stem of the Suwannee River (approximately 259 river km). We constructed 2
postbreeding census matrix population models for M. suwanniensis and incorporated
parameters from this study and from the literature. Both matrix population models suggested
a slightly decreasing population (k = 0.99), but because of the uncertainty around our estimates,
we consider the population trend to be unclear. Elasticity analysis revealed that k was most
sensitive to changes in adult survival compared with other model components. This is a
conservation concern because adult M. suwanniensis may be incidentally killed by fishing gear.
Our study was short-term, and our analyses had limitations; therefore, we recommend future
areas of research, including long-term population monitoring.
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Globally, freshwater megafauna (i.e., aquatic fresh-

water species � 30 kg) is threatened at increasing rates

because of a variety of anthropogenic threats, such as

overexploitation, habitat degradation, dam construction,

invasive species, and pollution (He et al. 2018). Conser-

vation and research have mostly focused on terrestrial

megafauna, leaving freshwater species understudied

(Cooke et al. 2013; He et al. 2017). To complicate

matters, freshwater megafauna often possess life history

traits that make them especially vulnerable to threats; thus,

many of them are in urgent need of conservation attention

(Winemiller et al. 2015). Consequently, approximately

71% of the 93 species of freshwater megafauna with

known population trends are in decline, with 43% of all

freshwater megafauna having insufficient or outdated data

(He et al. 2018). These large-bodied freshwater species are

important to their ecosystems because they play integral

roles in trophic dynamics, nutrient transport, and habitat

creation (He et al. 2017). Although research has been

conducted on some species and taxonomic groups (e.g.,

sturgeon), demographic information is lacking for many

groups. To establish effective conservation strategies for

freshwater megafauna, information on population status is

needed (He et al. 2018).

The genus Macrochelys (alligator snapping turtles)

contains the largest freshwater turtles in North America

(Ewert et al. 2006). These large-bodied turtles are known

to grow to sizes . 100 kg and inhabit river systems from
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Florida to Texas that empty into the Gulf of Mexico

(Ewert et al. 2006). The genus Macrochelys has

experienced significant population declines throughout its

geographic range because of extensive commercial

harvest, fishing bycatch, hook ingestion, and poaching

(Dobie 1971; Pritchard 1989; Ewert et al. 2006). The

alligator snapping turtle (Macrochelys temminckii) was

considered a single, wide-ranging species until Thomas et

al. (2014) described 2 new species, Macrochelys apalachi-
colae and Macrochelys suwanniensis. Although debate

exists regarding the validity of M. apalachicolae as a

distinct species, there appears to be agreement that M.
suwanniensis represents a distinct taxonomic unit (Folt and

Guyer 2015; US Fish and Wildlife Service [USFWS] 2021).

Several studies have assessed M. temminckii distribu-

tion and population structure (Wagner et al. 1996; Trauth

et al. 1998; Boundy and Kennedy 2006; Riedle et al. 2008;

Folt and Godwin 2013), and robust population studies

have been conducted on the species in Arkansas (Howey

and Dinkelacker 2013), Oklahoma (East et al. 2013), and

Georgia (Folt et al. 2016). However, we know relatively

little about the status and population trends of M.
suwanniensis, which is restricted to a single river drainage

(Thomas et al. 2014) and therefore potentially impacted by

threats to this watershed (i.e., low population redundancy).

Pritchard (1989), citing mainly park naturalists in Florida

and Georgia, reported M. suwanniensis scarce in the

Suwannee River and its headwaters, the Okefenokee

Swamp. Only a handful of studies have been conducted

on M. suwanniensis, and intensive trapping in Georgia

failed to detect the species in the upper Suwannee River

(Jensen and Birkhead 2003). A study of M. suwanniensis
in the Santa Fe River, a tributary of the Suwannee River in

Florida, examined population structure and body size

(Johnston et al. 2015). Recently, a study used survey data

to determine the distribution and relative abundance (catch

per unit effort) of M. suwanniensis throughout its range

(Enge et al. 2021).

Although trapping studies that collect information on

population structure, body size, and species distribution

are valuable in conservation, they do not provide estimates

of critical demographic parameters that help explain

population dynamics. To properly manage a species, it is

important to understand aspects of its population dynamics

(Lebreton et al. 1992). The objectives of this study were to

1) estimate population size, 2) quantify demographic

parameters, and 3) model population growth rates to

elucidate the status of M. suwanniensis in the Suwannee

River in Florida. To that end, we conducted a capture–

mark–recapture (CMR) study in 2011–2013 in the

Suwannee River in Florida. We used our CMR data to

estimate apparent survival and population size. In addition,

we used our estimated survival parameters as well as other

parameters gleaned from the literature to create 2 discrete

matrix population models and investigated population

growth rates for M. suwanniensis in the Suwannee River.

Also, we explored the overall importance of model

parameters (lower-level demographic parameters) to the

long-term population growth rate by using elasticity

analyses. Findings from this study could inform manage-

ment strategies to help conserve this species.

METHODS

Study Site. — The Suwannee River (Fig. 1) is the

second largest river drainage in Florida and serves as a key

geological and ecological break between the peninsula and

panhandle regions. Its major tributaries are the Alapaha,

Withlacoochee, and Santa Fe rivers, which were not part

of this study. The Suwannee River flows approximately

378 river kilometers (rkm) from the Okefenokee Swamp in

southeastern Georgia to the Gulf of Mexico in Florida

(Fig. 1). During its course through North Florida, the

Suwannee River experiences changes in water chemistry

(Ceryak et al. 1983) that led the Suwannee River Water

Management District to divide the river into 6 distinct

ecological reaches that are characterized by their unique

chemical and ecological features (Hornsby et al. 2000).

Data Collection. — To represent this dynamic river,

we stratified its main stem into 5-km sections from the

town of White Springs downstream approximately 279

rkm to the Gulf of Mexico. Each ecological reach is a

relatively homogeneous stretch of river; therefore, we

randomly selected two 5-km sites in each ecological reach

using ArcGIS (Esri, Redlands, CA), giving us a total of 12

sites (Fig. 1). We believed that sampling these 12 sites

adequately represented this system and was at the upper

end of what was logistically feasible. We trapped each site

for M. suwanniensis from summer 2011 to fall 2013. We

aimed to sample sites twice per year in 2011–2012 and

Figure 1. Map showing the twelve 5-km study sites (triangles) in
the main stem of the Suwannee River in Florida.
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once during 2013, but extreme fluctuations in water levels

occasionally precluded trapping. Still, we managed to

sample each site on at least 5 occasions. During each visit,

we typically set 12 large hoop-net traps (122-cm diameter

with 6.4-cm mesh) baited with fresh-cut or fresh-ground

fish of various species. We set traps parallel to the bank in

depths of 1–2.5 m with the funnel opening facing

downstream and the current moving directly through the

throat of the trap. In the estuary, traps were modified by

attaching 2 traps together at the back with cable ties so that

funnel openings faced both upstream and downstream.

This allowed traps to function in shifting tides, and we

considered each modified trap as a single trap (i.e., 24 traps

paired for 12 trap sets). All traps were set in the late

afternoon and checked and removed the next morning.

Captured turtles were released at their capture location

after processing.

We recorded straight midline carapace length (CL),

precloacal tail length (PTL), and mass of captured turtles.

Straight-line measurements were recorded to the nearest 1

mm using either a 40-cm or 95-cm aluminum tree caliper

(Haglöf, Langsele, Sweden) or a nylon measuring tape

(PTL). Turtles , 20 kg were weighed to the nearest 10 g

using 10- and 20-kg spring scales (Pesola, Baar,

Switzerland). Turtles . 20 kg were weighed to the nearest

500 g with a 100-kg spring scale (Rubbermaid, Hunters-

ville, NC). We determined sex by size and PTL, where

individuals with a CL . 330 mm and a PTL , 115 mm

were considered adult females, individuals with a CL

. 370 mm and a PTL . 115 mm were considered adult

males, and all other individuals were considered juveniles

(Dobie 1971). These size classifications are for a different

species (M. temminckii) but represent the best available

metric to determine sex in M. suwanniensis. Each turtle

was individually marked by drilling holes in posterior

marginal scutes (Cagle 1939), and individuals . 150 mm

CL were implanted with a passive integrated transponder

(PIT tag, Biomark, Boise, ID) in the ventrolateral tail

muscle (Trauth et al. 1998).

Statistical Analyses and Modeling. — We were

unable to investigate CMR data by ecological reach

because some reaches lacked captures; therefore, we

pooled capture data across sites and compiled a detection

history for each turtle during the study. We investigated

CMR data structure with a goodness-of-fit test using the R

package R2ucare (version 1.0.0; Gimenez et al. 2017). We

estimated apparent survival (u) using Program MARK

(White and Burnham 1999) with Cormack-Jolly-Seber

(CJS) models using the R package RMark (version 2.2.6;

Laake 2013). We used a multimodel approach to examine

if u and capture probability (p) varied by age-sex state

(adult males, adult females, unknown juveniles), over

time, or were constant over these potential sources of

variation. We used Akaike information criterion (AIC)

model selection (Akaike 1973, 1974) and quasi-likelihood

AICC (QAICC) to evaluate models where lower values

were considered more parsimonious (Burnham and

Anderson 2002). We used QAICC to select the most

parsimonious model because our measure of overdisper-

sion (ĉ) for our general CJS model was slightly . 3 (3.03),

which can be problematic for analyses (Lebreton et al.

1992). In addition, we used Program MARK to generate

estimates of the superpopulation size (N) and probability

of entrance (pent) for each sex with the POPAN

formulation of the Jolly-Seber (J-S) model (Schwarz and

Arnason 1996) using the R package RMark. The super-

population is defined as the total number of animals ever

present for capture within the study site, whereas pent is

the rate at which animals enter the population via births

and immigration between the first and the last sampling

occasions (see Schwarz and Arnason 1996). We set model

parameters such u, pent, and N to vary by age-sex stage

(group), and we considered capture probability (p) to be

constant (i.e., u[group] p[.] pent[group] N[group]).

Finally, we investigated the asymptotic population

growth rate (k) with 2 different female stage-structured

postbreeding census matrix population models (MPMs).

We used 3 demographic stages (hatchling, juvenile, and

adult) in both models. Model parameters included stage-

specific survival probabilities (rh, rj, ra), growth rate of

juveniles to the adult stage (c), the probability of juvenile

reproduction (b), and an estimate of annual fecundity (m).

We conducted a literature review to obtain life-history

parameters for M. suwanniensis, but information on this

species was limited. Estimates of hatchling survival

presently do not exist for Macrochelys. Folt et al. (2016)

used 0.15 to represent hatchling survival (age 0–1 yr) of

M. temminckii based on hatchling survival of Chelydra
serpentina. We also felt this estimate was appropriate and

likely a conservative estimate of hatchling survival for M.
suwanniensis. We used estimates of apparent survival

from our CMR data to represent annual juvenile and adult

survival. The growth probability (c) is the probability that

juveniles grow to transition to the adult stage. However,

this species is long-lived and exhibits slow growth; thus,

we were unable to directly estimate this parameter from

our short-term CMR data. Therefore, we estimated c with

the asymptotic-age-within-stage method using the R

package mpmtools (version 0.2.0; Kendall 2019). Sexual

maturity ranges from 13 to 21 yrs in female M. temminckii
(Tucker and Sloan 1997); therefore, we used the median

(17 yrs) to represent sexual maturity for female M.
suwanniensis (stage duration for juveniles was 16 yrs).

We estimated annual fecundity (m) by taking the product

of one-half the clutch size (cs), nest survival (ns), and nest

hatching success (hs) (e.g., m = (cs 3 ns 3 hs)/2). A study

conducted in the lower Apalachicola River in Florida

found that the M. temminckii mean clutch size was

approximately 35 eggs (Ewert et al. 2006), so we used this

estimate to represent the clutch size of M. suwanniensis.

Ewert et al. (2006) also reported nest survival and nest

hatching success to be 0.13 and 0.72, respectively, for M.
temminckii nests in Florida, so we used these parameters

for M. suwanniensis. We assumed that M. suwanniensis
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lays a single clutch based on limited data for this species

(Allen and Neill 1950) and for M. temminckii (Dobie

1971; Ewert and Jackson 1994). We assumed the hatchling

sex ratio is 1:1; incubation temperature influences sex

determination in Macrochelys (Ewert et al. 1994).

Although juveniles do not reproduce, we accounted for

the individuals that survive and make the transition from

the juvenile stage to the adult stage and reproduce (b) after

the just-passed breeding season (Mills 2013; Kendall et al.

2019). See Table 1 for the demographic rates, which were

used to form population matrices that followed the form:

A ¼
0 mb mra

rh rjð1� cÞ 0

0 rjc ra

2
4

3
5

From this formulation, we created 2 different MPMs

under 2 different scenarios. Model 1 incorporated our

apparent survival estimates for juveniles (0.32) and adult

females (0.99), while Model 2 used a higher estimate for

juvenile survival (0.75) and thus a higher juvenile to adult

transition probability. We derived this estimate by

simulating (n = 10,000) values from our original distribu-

tion and discarding values , 0.65. This allowed us to use

a higher juvenile survival by focusing on the upper tail of

the juvenile survival distribution from Model 1. The higher

juvenile survival estimate is also more aligned with the

reference parameter for M. temminckii (see Folt et al.

2016). We then calculated the asymptotic k for both

models and determined elasticity to ascertain how k
responded to proportional changes to different model

components (Caswell 2001) using the R package popbio

(version 2.4.4; Stubben and Milligan 2007). We generated

the 95% confidence interval (CI) for k with the delta

method (see Caswell 2001). We considered estimates of k,

where k . 1 indicates a growing population, k = 1

suggests a stable population, and k , 1 indicates a

declining population. We used the R package tidyverse

(Wickham et al. 2019) for data exploration and visualiza-

tion. All analyses were conducted in R (version 3.5.2; R

Core Team 2018) implemented in RStudio (version

1.1.463; RStudio Team 2016).

RESULTS

We recorded 155 M. suwanniensis captures (29 were

recaptures) at our 12 sites. The sample consisted of 27

(21%) juveniles, 21 (17%) adult females, and 78 (62%)

adult males, and the entire sample exhibited a right skew

toward individuals with larger CLs. The overall goodness-

of-fit test for the CMR modeling did not show any

significant transient effects or trap happiness (or shyness)

within the sample. Our most parsimonious CJS model

possessed age-sex–determined u and a constant p (Table

2), and we used this model to provide u estimates for each

group. Estimates for u were extremely high and near the

boundary with 1.0 for adult males (0.99; SE , 0.001; 95%

CI, 0.99–1.00) and adult females (0.99; SE , 0.001; 95%

CI, 0.99–1.00) but were much lower for juveniles (0.32;

SE = 0.22; 95% CI, 0.06–0.77). Our J-S model with the

POPAN formulation estimated the superpopulation to

have 330 (95% CI, 233–520) M. suwanniensis in our

trapping sites in the river main stem (excluding the 2

estuarine sites), but population size estimates varied by

age-sex group (Table 3). Density was calculated at 6.6

(95% CI, 4.7–10.4) turtles/rkm, indicating an estimated

1709 (95% CI, 1205–2694) M. suwanniensis occur in the

Suwannee River main stem from the town of White

Springs to the upper estuary (approximately 259 rkm). We

did not include the estuary in the calculation of density

because only 1 turtle was captured there during the study,

Table 1. Estimates of demographic parameters used in population
matrices with associated symbols for Model 1 and Model 2. We
used a higher rate of juvenile survival (within our 95% CI) and a
higher juvenile to adult transition probability in Model 2. The
probability of juvenile reproduction is directly related to the
proportion of juveniles that transition to adulthood.

Parameter Symbol
Model 1
estimate

Model 2
estimate

Hatchling survival rh 0.15 0.15
Juvenile survival rj 0.32 0.75
Growth probability c 0.000001 0.003
Adult survival ra 0.99 0.99
Juvenile reproduction

probability b 0.000001 0.003
Fecundity m 1.64 1.64

Table 2. Model selection table showing CJS models for
Macrochelys suwanniensis in the Suwannee River, Florida.
Models allowed apparent survival (u), probability of capture (p)
to vary by age-sex group (g), time (t), or remain constant (.).

Model Parameters DQAICC Model weight

u(g) p(.) 4 0.00 42.31
u(.) p(.) 2 0.57 31.79
u(.) p(g) 4 1.84 0.16
u(g) p(g) 6 3.87 0.06
u(g) p(t) 7 6.58 0.01
u(t) p(.) 5 6.87 0.00
u(t) p(t) 8 13.41 0.00
u(g*t) p(.) 13 16.52 0.00
u(g) p(g*t) 15 16.93 0.00
u(g*t) p(g*t) 24 42.35 0.00

Table 3. Estimates of the superpopulation (N) and density
(turtles/rkm) with associated standard error (SE) by sex/age class
(male, female, juvenile) for Macrochelys suwanniensis in 10 sites
(excluding the 2 estuary sites) in the Suwannee River, Florida.
The superpopulation is defined as the total number of animals
ever present for capture within the study site (see Schwarz and
Arnason 1996).

N SE 95% CI Density 95% CI

Female 51 12.2 35–86 1.1 0.7–1.7
Male 177 28.3 135–249 3.5 2.7–5.0
Juvenile 102 29.5 63–185 2.0 1.3–3.7

Total 330 — 232–520 6.6 4.7–10.4
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suggesting the estuary may not provide suitable conditions

for long-term occupancy by M. suwanniensis. In addition,

we did not project our density estimates to the portion of

the Suwannee River upstream of White Springs, because

no turtles have been trapped there. Estimates of pent were

higher for adult females (0.18; 95% CI, 0.11–0.28) and

juveniles (0.16; 95% CI, 0.10–0.25) than for adult males

(0.14; 95% CI, 0.08–0.21).

Our first female-based MPM (Model 1) suggested that

the population is decreasing (k = 0.99; 95% CI, 0.98–

0.99), whereas our second female MPM (Model 2), which

used a higher juvenile survival rate, also suggested a

decreasing population (k = 0.99; 95% CI, 0.99–1.00).

Notably, due to our estimates being around 1.0 and

because of the uncertainty around our estimates, this

species’ population trend is uncertain. Additionally,

elasticity analysis of both models revealed that k was

much more sensitive to proportional changes in adult

survival compared with other parameters (Table 4).

Furthermore, Model 2 used a much higher juvenile

survival rate and higher juvenile-to-adult transition

probability, but adult female survival was still by far the

most sensitive model component (Table 4).

DISCUSSION

Our study is the first to investigate the population

status of M. suwanniensis, and our MPMs were unable to

infer whether this population is stable or declining. This

uncertainty in population status is a conservation concern,

as many of the world’s freshwater megafauna species are

in decline (He et al. 2017). In fact, studies on M.
temminckii estimated declining populations in Arkansas

(Howey and Dinkelacker 2013) and Oklahoma (East et al.

2013). Our MPM used our CJS model estimates of

apparent survival for the juvenile and adult stages.

Apparent survival differs from true survival because the

CJS model cannot distinguish mortality from permanent

emigration (Lebreton et al. 1992). Therefore, the treatment

of gain and loss in our MPMs is somewhat asymmetric.

We caution readers against making generalizations about

this population’s status based on deterministic projection

matrices. In addition, our study was short-term and may

not reflect the true long-term dynamics that are typical of

wild populations. More research is needed to acquire more

precise estimates, which could strengthen future popula-

tion assessments.

Our estimates of apparent survival were extremely

high for both adult males (. 0.99) and adult females

(0.99). This is not surprising, because Macrochelys is

long-lived, and adults have few natural predators (Pritch-

ard 1989). Considering the relatively short duration of our

study (~ 2 yrs), one would expect high survival rates for

such a long-lived species. The Suwannee River was never

heavily commercially harvested and likely received

minimal amounts of noncommercial harvest (P.E. Moler,

pers. comm., January 2012). Florida prohibited the sale of

Macrochelys in 1972 and limited personal possession to 1

turtle in 1973, effectively banning commercial harvest.

However, incidental take of adult M. suwanniensis may

occur when turtles ingest fishing tackle or become

entangled in fishing line (Enge et al. 2014; Steen and

Robinson 2017).

Our estimate of apparent juvenile survival (0.32) for

M. suwanniensis was low compared with that of M.
temminckii in a Georgia population (0.88; Folt et al. 2016).

The main stem of a large, free-flowing river may

negatively impact juvenile survival, or the high proportion

of large adult male turtles (70.5% had a CL . 500 mm) in

our study sites may have impacted our ability to capture

juveniles, which may inhabit floodplain and other shallow-

water habitats that we did not trap. This potentially creates

a source of permanent juvenile emigration from our sites,

which could affect our juvenile apparent survival esti-

mates. Therefore, our lower juvenile survival may reflect

increased movement of juveniles out of the river main

stem into areas that are more hospitable to smaller

individuals.

Elasticity analysis suggested that k is much more

sensitive to changes in adult survival in Model 1. This

would be expected under low reproductive rates, lower

juvenile survival, and small transition probabilities cou-

pled with extremely high adult survival. Although Model 2

showed that k had some sensitivity to other parameters, it

still suggested that k is most sensitive to changes in adult

female survival. This agrees with other turtle studies that

highlighted the importance of adult survival (Congdon et

al. 1993, 1994; Heppell 1998; Enneson and Litzgus 2008).

These results indicate that protecting adults (especially

adult females) from mortality should be a conservation and

management priority. In fact, our results suggest that a

small increase in adult female mortality could potentially

cause significant population declines, as has been found

for other long-lived turtle species (Congdon et al. 1994;

Bowen et al. 2004).

The US Fish and Wildlife Service (USFWS) proposed

that M. suwanniensis be listed as threatened under the

Endangered Species Act (USFWS 2021). In its species

status assessment (SSA) of M. suwanniensis, the USFWS

(2020) used a female, stage-structured population model

that predicted a decline in abundance, with the species

Table 4. The elasticity (proportional sensitivity) of the population
growth rate (k) to changes in lower-level demographic
parameters for Model 1 and Model 2.

Parameter
Model 1
elasticity

Model 2
elasticity

rh (hatchling survival) , 0.001 0.002
rj (juvenile survival) , 0.001 0.009
ra (adult female survival) 0.999 0.988
c (growth rate) , 0.001 0.002
b (juvenile reproduction

probability)
, 0.001 , 0.001

m (fecundity) , 0.001 0.002
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facing extinction in 50 yrs. The listing SSA used an annual

adult female survival of 0.95 based on the Folt et al. (2016)

study, which was conducted over a longer time period than

our study. Future modeling efforts would be greatly

improved with further study of M. suwanniensis biology,

demography, response to and prevalence of threats, and

how these vary across the species’ range (USFWS 2020).

Our study provided demographic data for the Suwannee

River main stem in Florida and found that the population

status is uncertain. Furthermore, our MPM models have

several limitations. For example, hatching survival is

poorly understood, and our estimates of nest predation and

hatching success came from a single study conducted on a

different species (M. temminckii) in the Apalachicola

River, which is a drastically different system. In addition,

other models used multiple stages to represent juvenile

turtles (see Crouse et al. 1987), whereas we assumed a

constant survival for juvenile M. suwanniensis. This

assumption is likely unrealistic because juvenile survival

is related to size (Kessler 2020), and the size differences in

our defined juvenile class were substantial. Also, the

standard error associated with our estimate of juvenile

apparent survival was large. More research is needed to

obtain system-specific model parameters and to estimate

juvenile survival more accurately in the Suwannee River.

In addition, future models should incorporate environ-

mental and demographic stochasticity, which may provide

more robust estimates.

Overall, our model estimated abundance at 6.6 turtles/

rkm, indicating approximately 1709 M. suwanniensis
occur in the river main stem from White Springs to the

estuary. However, our mean density estimate is much

lower than studies of M. temminckii found: 28–34 turtles/

km in 2 small Oklahoma streams (Riedle et al. 2008), 18

turtles/km in an Arkansas stream that had been commer-

cially harvested in the past (Howey and Dinkelacker

2013), and 13–14 turtles/km in Spring Creek, Georgia

(Folt et al. 2016). Several possible explanations exist for

our low densities, including the fact that we studied a

different species, although its natural history is apparently

similar to that of M. temminckii. Other studies were

conducted mostly in smaller streams and rivers, whereas

our study was conducted in the main stem of a large, free-

flowing river with a population of large adults that might

decrease the abundance of smaller turtles or restrict them

to shallow-water habitats and other areas that could not be

effectively trapped. The presence of many large adults

suggests that the Suwannee River experienced relatively

little past harvest, although extensive trapping in the main

stem upstream of White Springs failed to capture M.
suwanniensis in Georgia and Florida (Jensen and Birkhead

2003; Enge et al. 2021). Historical commercial harvest was

identified as one explanation for the paucity of M.
suwanniensis in Georgia (Jensen and Birkhead 2003).

Georgia did not prohibit commercial harvest until 1989, 17

yrs later than Florida, but major commercial trapping

likely did not occur in the upper Suwannee River

regardless of this lack of regulation (P.E. Moler, pers.
comm., January 2012). Overall, our results indicate that M.
suwanniensis is widely distributed and more abundant in

the Suwannee River in Florida than previously thought.

Because of the uncertain population status of M.
suwanniensis in the Suwannee River, resource managers

should be vigilant regarding threats to this species, because

even a slight decrease in adult survival, especially in

females, could result in a significant population decline.

Mortality of freshwater turtles from ingested fish hooks

has been identified as a threat in southeastern US rivers

(Steen et al. 2014), and the probability of a turtle ingesting

a hook and dying from it was estimated at 1.2%–11%

(Steen and Robinson 2017). Ingested fish hooks can

perforate the digestive tract lining and eventually cause

mortality in turtles, and associated fishing line attached to

the hook can cause injury or death (Borkowski 1997;

Casale et al. 2008; Steen et al. 2014). Although Florida

prohibited the harvest of all Macrochelys in July 2009 and

listed M. suwanniensis as threatened in 2018, some

incidental mortality likely occurs from fishing tackle

ingestion or entanglement. We observed and had reports

of dead Macrochelys and of turtles containing hooks, but

the incidence of mortality from hooks is unknown. The

large size of adult Macrochelys makes them potentially

susceptible to drowning from getting snagged and

entangled in fishing line associated with abandoned bush

hooks (i.e., limb lines), which has been observed with M.
temminckii in Florida (J.D. Mays, pers. comm., June

2015). Three of 25 M. suwanniensis radiographed during

this study had fish hooks lodged in their upper

gastrointestinal tracts, and one turtle had 3 hooks (Enge

et al. 2014). The species action plan developed by the

Florida Fish and Wildlife Conservation Commission

(2018) identified the need to investigate the effects of

trotlines and bush hooks on Macrochelys spp. A bush

hook typically consists of a piece of heavy monofilament

or nylon line with a weighted, baited hook that is tied to an

overhanging branch. Rule 68A-23.004, F.A.C. (Florida

Department of State 2008) requires that these hooks be

permanently and legibly marked with the harvester’s name

and address, checked every 24 hrs, and promptly removed

when done fishing, but we observed that bush hooks are

often left unattended for long periods and are sometimes

abandoned. Because a small increase in adult mortality

from hook ingestion can cause population declines in

turtles (Steen and Robinson 2017), the potential threat

posed by bush hooks needs to be investigated. If future

research finds evidence of significant adult mortality of M.
suwanniensis from bush hooks, prohibiting their use in the

Suwannee drainage could be considered, as Rule 68A-

23.002, F.A.C., already does in portions of other rivers and

some lakes in Florida. Less restrictive conservation actions

include banning the use of stainless-steel hooks, initiating

an educational campaign to inform stakeholders of current

bush hook regulations and the potential threat of
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abandoned bush hooks, and organizing ‘‘cleanup’’ efforts

of abandoned fishing gear in the drainage.

In conclusion, our study was the first to report on the

status of M. suwanniensis in the Suwannee River in

Florida, and although this species’ population status was

found to be uncertain, it is important to understand that our

study represents a short-term ‘‘snapshot’’ of the population.

Many studies are considered stand-alone investigations,

but single studies rarely provide definitive results (Nichols

et al. 2019). Therefore, we recommend additional research

in the following areas: 1) investigate age- and size-related

variation in juvenile survival, 2) determine the impact of

bush hooks in the Suwannee drainage, and 3) institute

long-term population monitoring to accumulate informa-

tion that can be used to effectively manage this important

species of freshwater megafauna.
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