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Peer review #1 from William Giuliano 
 
From: Giuliano,William M 
To: Imperiled 
Cc: Garrison, Elina; Giuliano,William M 
Subject: Big Cypress & Sherman"s fox squirrel Draft BSR Report 
Date: Wednesday, December 29, 2010 11:03:27 AM 
 
FWC: 
 
I have reviewed the Draft BSRs for the Big Cypress Fox Squirrel and Sherman’s Fox Squirrel. Based 
on my review, I believe that for both subspecies, the Biological Review Groups were thorough,  
accurate, and complete in their use of the biological information available and data analyses, and were 
reasonable and justified in their assumptions, interpretations of the data, and conclusions in the 
respective BSRs. I concur with the recommendations made for each subspecies based on my own 
review of the data, and also make note that a lack of data/knowledge for both subspecies led to some 
uncertainty in conclusions.  
 
Bill 
 
William M. Giuliano 
Undergraduate Program Coordinator 
Professor & Extension Specialist 
Certified Wildlife Biologist 
Department of Wildlife Ecology & Conservation 
Institute of Food & Agricultural Sciences 
University of Florida 
308 Newins-Ziegler Hall 
PO Box 110430 
Gainesville, FL 32611-0430 
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Peer review #2 from Deborah Jansen 
 
From: Deborah_Jansen@nps.gov 
To: Imperiled 
Cc: Ron_Clark@nps.gov 
Subject: Re: Deadline reminder for peer reviews of BSR reports 
Date: Tuesday, January 11, 2011 1:53:19 PM 
Attachments: Biological Status Review of the BICY Fox Squirrel Jan 2011 DJansen.docx 
 
Attached is my review of the Big Cypress fox squirrel BSR. I will submit the Sherman's fox squirrel 
review yet today. 
 
Deborah 
 
(See attached file: Biological Status Review of the BICY Fox Squirrel Jan 
2011 DJansen.docx) 
 
Deborah Jansen 
Wildlife Biologist 
Big Cypress National Preserve 
33100 Tamiami Trail East 
Ochopee, FL 34141 
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Biological Status Review of the Big Cypress Fox Squirrel—Reviewer Comments 
Prepared 10 Jan 2011 by Deborah Jansen, Wildlife Biologist, National Park Service 

 
I have reviewed the document “Biological Status Review for the Big Cypress fox squirrel (Sciurus 
niger avicennia).  I concur with the findings that this species meets the criteria for listing as threatened.   
I have a few comments on the document: 
 

1)  There is no mention of the fact that this species was once legally hunted and then taken off the 
list of “legal to hunt” species, nor an explanation of when and why this decision was made. Nor 
is there any data on how many were harvested and where.  What impact did hunting have on 
the population and its distribution?  Did it show recovery after legal hunting ended? 
 

2) Brown  (1978) emphasizes pinelands as important habitat and the ongoing work in Big Cypress 
has found that cypress are an important component of their habitat.  Other habitats are also 
mentioned in earlier documents. What isn’t known, however, is what composition of these 
habitats is critical for occupancy.  This may be a limiting factor. 
 

3) The review states that the core of the range is in Big Cypress and Everglades so it is assumed 
that they are not faring well on private property including open agricultural or cattle lands.  
The review should expand on the status of fox squirrels in open range habitat that may provide 
nesting habitat in cabbage palms and food in hammocks, cabbage palms and the open range 
itself.  Have surveys been done on private property in south Florida? 
 

4) A study funded by USFWS on the status and abundance of the Big Cypress fox squirrel was 
initiated in 2006 and conducted by Reed Noss, Jane Waterman, and Danielle Munim. This 
study is not cited and I recommend that its results be included in this document, especially 
since it is one of the most recent studies undertaken. 
 

5) I have an unpublished report done by my technicians in Big Cypress in 1996-97 in which we 
had an opportunity to collar and track a fox squirrel that we received from the Conservancy’s  
Animal  Rehabilitation Center in Naples, Florida.  Although the movements were influenced by 
the fact that it was a translocated and habituated animal, the report offers some insight into fox 
squirrel food habits.   I’ll send a copy to you for possible inclusion into your file of fox squirrel 
information. 
 

Thank you for your agency’s efforts in determining the status of the Big Cypress fox squirrel and the 
opportunity to review these efforts. 
 
Deborah  
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Peer review #3 from Dr. Jack Stout 
 
From: Jack Stout 
To: Imperiled 
Subject: review 
Date: Tuesday, January 11, 2011 2:35:11 PM 
Attachments: Big Cypress Fox Squirrel Final Draft BSR 11-17-10.docx_.renamed_size=56849; 
creation-date=_Wed, 22 Dec 
2010 15_48_20 GMT.docx 
 
I agree with the analysis and decision to recommend threatened status be retained. Data are 
lacking to support a more optimistic view of the status of this subspecies. Climate change and the 
future of fire management add to the uncertainty surrounding this assessment.  
 
Jack Stout 
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Biological Status Review 
for the 

Big Cypress fox squirrel 
(Sciurus niger avicennia) 

 
EXECUTIVE SUMMARY  

 
The Florida Fish and Wildlife Conservation Commission (FWC) directed staff to evaluate all 

species listed as Threatened or Species of Special Concern as of September 1, 2010.  Public 
information on the status of the Big Cypress fox squirrel was sought from September 17 to November 
1, 2010.  The members of the biological review group (BRG) met on November 3-4, 2010.  Group 
members were Elina Garrison (FWC lead), Bob McCleery (University of Florida), and John Kellam 
(National Park Service).  In accordance with rule 68A-27.0012 Florida Administrative Code (F.A.C.), 
the BRG was charged with evaluating the biological status of the Big Cypress fox squirrel using 
criteria included in definitions in 68A-27.001(3), F. A. C., and following the protocols in the 
Guidelines for Application of the IUCN Red List Criteria at Regional Levels (Version 3.0) and 
Guidelines for Using the IUCN Red List Categories and Criteria (Version 8.1).  Please visit 
http://www.myfwc.com/WILDLIFEHABITATS/imperiledSpp_listingprocess.htm to view the listing 
process rule and the criteria found in the definitions.   
  

The Big Cypress fox squirrel Biological Review Group concluded from the biological 
assessment that the Big Cypress fox squirrel met criteria for listing.  Based on the literature 
review, information received from the public, and the biological review findings, FWC staff 
recommends retaining the species on the FWC list of threatened species. 

  
This work was supported by a Conserve Wildlife Tag grant from the Wildlife Foundation of 

Florida. 
 
BIOLOGICAL INFORMATION 
 

Taxonomic Classification – The Big Cypress fox squirrel (Sciurus niger avicennia), one of 3 
subspecies of the fox squirrel occurring in Florida, is defined on the basis of size (it is smaller than 
both S. n. niger and S. n. shermani; Moore 1956; Turner and Laerm 1993 as cited in Wooding 1997).  
Sciurus n. a. has been variously known as the Big Cypress fox squirrel, mangrove fox squirrel, 
Everglades fox squirrel, and south Florida fox squirrel (Hafner et al. 1998). 

 
Life History – Big Cypress fox squirrels are large tree squirrels with variable dorsal fur color.  

Most commonly, individuals have a black head and dorsal fur with buff sides and belly, buff and black 
tail, and white nose and ears (Florida Natural Areas Inventory 2001).  They are a primarily ground-
dwelling species that inhabits stands of cypress, slash pine savanna, mangrove swamps, tropical 
hardwood forests, live oak woods, coastal broadleaf evergreen hammocks, and suburban habitats 
including golf courses, city parks, and residential areas (Hafner et al. 1998; Humphrey and Jodice 
1992; Jansen 2008; Williams and Humprey 1979).  In Big Cypress National Preserve, one of the most 
important habitat components is the presence of large cypress domes with good adjacent foraging 
habitat (Jansen 2008; Kellam and Jansen 2010).  Optimum habitat for S. n. avicennia includes an open 
understory free of bushes and undergrowth (Brown 1978 as cited in Hafner et al. 1998). 
 

http://www.myfwc.com/WILDLIFEHABITATS/imperiledSpp_listingprocess.htm
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Reproductive behaviour of Sciurus niger is summarized as follows for the species in general 
(see Koprowski 1994 for additional citations).  Fox squirrels can mate at any time of the year but most 
breeding occurs between November and February with a peak in December and between April and 
July with a peak in June.  On a golf course in western Collier County, more reproduction was observed 
in the warm summer/autumn season than in the winter/spring season because exotic foods 
supplemented a limited summer native diet (Ditgen and Shepherd 2007).  Sciurus niger females go into 
estrus for only one day during which several males aggregrate on a female’s home range and form 
linear dominance hierarchies.  Females mate with more than one of these males.  Average litter size is 
generally 2 or 3 offspring.  Females can become sexually mature at 8 months of age, but more 
generally wait to reproduce until they are over a year old and then may breed for more than 12 years.   
 

Territorial behaviour of Sciurus niger is also summarized as follows for the species in general 
(see Koprowski 1994 for additional citations).  Sciurus niger adults, especially females, defend 
exclusive core areas but home ranges of individuals overlap and territoriality is not observed.  Average 
home ranges are 0.85-17.2 ha for females and 1.54-42.8 ha for males.  All juveniles disperse from their 
natal area but some may remain with their mother during the first winter. 

 
Big Cypress fox squirrels translocated from Naples, Florida, to Big Cypress National Preserve 

exhibited inconsistent site fidelity and movements of up to 32km that could be attributed to dispersal, 
post-release investigative behavior, or long-distance foraging (Jodice 1993).  Crude estimates of Big 
Cypress fox squirrel population densities have been calculated at 0.0009 squirrels/ha in typical Big 
Cypress Swamp habitat in Corkscrew Swamp Sanctuary and 0.0192 squirrels/ha in ranchland woodlots 
(Jodice and Humphrey 1993).   Humphrey and Jodice (1992) stated that these densities are probably 
much too low, however, because they included some unoccupied habitat.  Densities estimated for other 
squirrels in the southeastern United States are 0.05 squirrels/ha for S. n. niger (as summarized in 
Koprowski 1994) and a range of 0.04 to 0.38 squirrels/ha for S. n. shermani (Kantola and Humphrey 
1990; Wooding 1997; Humphrey et al. 1985, Kantola 1986, and Moore 1957 as cited in Kantola 1992). 
 

Big Cypress fox squirrels have been documented eating java plum, Ficus sp., fig fruit, 
Bischofia berries, acorns, red maple samaras, bottlebrush and silk oak flowers, insects, fungi, 
bromeliad buds, thistle seed, pond apple fruit, cabbage palm fruit, holly fruit, queen palm fruit, 
palmetto saw palmetto fruit, pine seeds, slash pine cones, and cypress cones (Ditgen and Shepherd 
2007; Jansen 2008; Jodice and Humphrey 1992; Kellam and Jansen 2010).  Pine cones, cypress cones, 
and queen palm fruits are scatter hoarded (Ditgen and Shepherd 2007; Jodice and Humphrey 1992).  
 

Nests of individuals translocated into Big Cypress National Preserve were either stick 
structures or were nestled among the leaves of bromeliads in co-dominant or dominant cypress trees in 
cypress or mixed-swamp habitat (Jodice 1993).  Fox squirrels living in Big Cypress National Preserve 
have been found to build nests in bald cypress trees (98% of nests), cabbage palm trees, and slash pine 
trees (only 1 nest; Kellam and Jansen 2010).  Four types of nest are built: (1) stick nests, (2) stick nests 
that also contain thinly stripped cypress bark, (3) bromeliad nests with stripped bark, or (4) cabbage 
palm nests with stripped bark. 
 

Geographic Range and Distribution – The Big Cypress fox squirrel is the only species of fox 
squirrel endemic to Florida (Turner and Laerm 1993 as cited in Wooding 1997).  It can be found in the 
southwestern tip of peninsular Florida, in Hendry and Lee Counties south of the Caloosahatchee River, 
Collier County, mainland northern Monroe County, and extreme western Miami-Dade County (a strip 
of land that is largely in Big Cypress National Preserve; Williams and Humphrey 1979; Moore 1956; 
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see summary in FWS 2002).  Sciurus niger avicennia occupies “the mangrove, the pinelands, and the 
Big Cypress west of the Everglades and south of the Caloosahatchee River” (Moore 1956).   
 

Population Status and Trend –The status of Big Cypress fox squirrels in the core of their 
range in Big Cypress National Preserve and the Everglades is largely unknown because of the 
difficulty of studying and observing squirrels in such habitat (Jansen 2008; Jodice and Humphrey 
1992; Jodice and Humphrey 1993; Maehr 1993).  According to Humphrey and Jodice (1992), “since 
the Big Cypress National Preserve was established in 1974, preserve staff have recorded progressively 
fewer fox squirrels, concluding that the population is not prospering there.”  Furthermore, according to 
the IUCN Rodent Specialist Group, S. n. avicennia has not been seen recently in the Everglades and is 
currently restricted in distribution to Big Cypress Swamp and its adjacent pinelands (Brown 1978).  In 
particular, the Big Cypress fox squirrel is no longer present at the Cape Sable coast of Everglades 
National Park in the vicinity of Flamingo, Monroe County (FWS 2002).  Big Cypress fox squirrels 
have also been completely extirpated from Corkscrew Swamp Sanctuary and Everglades City (Jodice 
and Humphrey 1992).  Isolation of Big Cypress fox squirrel populations has occurred in western Lee 
and Collier counties due to rapid urbanization (Ditgen and Shepherd 2007; Endries et al. 2009; Kellam 
and Jansen 2010). 

 
In the future, the Big Cypress fox squirrel is likely to lose some habitat to urbanization, 

agriculture, and mining.  Furthermore, although at least fifty-five percent of potential Big Cypress fox 
squirrel habitat exists in conservation lands and is therefore protected from development (FWS 2002, 
Endries et al. 2009), analyses by Florida’s Wildlife Legacy Initiative indicate that the majority of S. n. 

avicennia’s habitat (natural pineland and pine rockland) is both poor in quality and declining (FWC 
2005).  Big Cypress fox squirrels are, however, fairly adaptable; they can be found in 
disturbed/transitional habitat such as on private ranches and in urban areas like golf courses (Ditgen 
and Shepherd 2007; FWC 2005; FWS 2002; Jodice and Humphrey 1992). 

 
Quantitative Analyses – A population viability analysis was carried out on the Big Cypress 

fox squirrel using demographic information from the species as a whole (Root and Barnes 2006; 
Endries et al. 2009).  The baseline model estimated juvenile survivorship at 0.5, adult survivorship at 
0.66, adult fecundity at 0.4125, and juvenile survivorship to adulthood at 0.25, resulting in a growth 
rate of 0.9725.  Distance between populations was estimated at 5km.  Initial abundance was estimated 
at 0.025 while carrying capacity was estimated at 0.18.  Results revealed that small changes in the 
model had large impacts on population trends.  Risk of extinction in the next 100 years was found to be 
zero for both managed habitat and all potential habitat.  The risk of large declines, however, was quite 
large.  The probability of a 95% decline in abundance in the next 100 years was about 50%.  
Abundance was particularly reduced when only managed habitat was considered.  The model was 
sensitive to changes in the adult survival value and adult fecundity.  Only the largest populations 
containing at least 200 individuals survived throughout the 100 year simulation indicating that smaller 
populations will not persist without dispersal into the population. 
 
BIOLOGICAL STATUS ASSESSMENT 
 

Threats – The biggest threat to Big Cypress fox squirrels on the periphery of their range is 
destruction of habitat and habitat fragmentation due to encroaching development (FWC 2005; FWC 
2008; Jansen 2008; Jodice and Humphrey 1992; Koprowski 1994; Zwick and Carr 2006).  Rapid 
urbanization has isolated Big Cypress fox squirrel populations in fragmented habitat in western Lee 
and Collier counties (Ditgen and Shepherd 2007).  Similarly, the conversion of rangeland to citrus 
groves has destroyed Big Cypress fox squirrel habitat in the flatwoods region of Hendry County 
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(Ditgen and Shepherd 2007) while fire suppression has led to the decline of Big Cypress fox squirrel 
numbers in seasonally inundated areas of Big Cypress Swamp and the Everglades because extensive 
understory growth makes forests uninhabitable (Ditgen and Shepherd 2007). 
 

A skin fungus is known to cause mortality of Big Cypress fox squirrels in urban areas but no 
researchers have indicated that this fungus could be a major threat to populations as a whole (as 
summarized in FWS 2002).   In 2010, a Big Cypress fox squirrel was found in the summer to be 
infected with Squirrel Poxvirus (J, Kellam, unpublished data).  Squirrel Poxvirus has a 75-100% 
mortality rate in squirrels infected with the disease which can spread throughout a population through 
contact among conspecifics (NPS 2010).  The US National Park Service is currently monitoring Big 
Cypress fox squirrels in Big Cypress National Preserve for an outbreak of Squirrel Poxvirus (NPS 
2010). 

 
Although some authors believe that illegal poaching in Big Cypress National Preserve may be 

having an impact on Big Cypress fox squirrel numbers (Humphrey and Jodice 1992), the US Fish and 
Wildlife Service states that it does not have evidence to support this claim (FWS 2002). 

 
The US Fish and Wildlife Service reviewed the status of the Big Cypress fox squirrel in 2002 

and concluded that this subspecies does not qualify for listing as an endangered or threatened species 
due to any of the five factors as defined in the Endangered Species Act (FWS 2002). 
 

Sciurus niger avicennia is currently listed as Lower Risk, conservation dependent by the IUCN 
Rodent Specialist Group “based on the historical loss of habitat and restricted number and distribution 
of populations of S. n. avicennia, probably including Big Cypress National Preserve” (Hafner et al. 
1998). 
 
Recommended actions of the IUCN Rodent Specialist Group (Hafner et al. 1998) are: 
 
 “Conduct studies to determine the optimum habitat requirements of S. n. avicennia, and survey for 

presence of populations in Big Cypress National Preserve 

 Conduct controlled burns to open up the understory for better foraging areas for S. n. avicennia 

 Set aside remaining occupied habitat as refuges for S. n. avicennia (Brown 1978)” 

 
Statewide Population Assessment – Findings from the Biological Review Group are included 

in a Biological Status Review information table. 
 

LISTING RECOMMENDATION – Staff recommends that the Big Cypress fox squirrel be listed as 
a Threatened species because the species met two of the criteria for listing as described in 68A-
27.001(3), F. A. C.   
 
SUMMARY OF THE INDEPENDENT REVIEW  
 
LITERATURE CITED  
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Peer review #4 from Dr. Pat Jodice 
 
From: Patrick Jodice 
To: Imperiled 
Cc: Garrison, Elina 
Subject: RE: Big Cypress Draft BSR Report 
Date: Monday, February 07, 2011 12:01:03 PM 
 
I have very few comments. I found the report thoroughly researched and well-reasoned. I agree that the 
data support a threatened listing.  
 
Page 3, Population status and trends: 
I would suggest toning down the concept of fox squirrels being highly adaptable – I think that is 
somewhat misleading. Fox squirrels are able to exist in urban and developed habitats apparently as 
long as there is sufficient food and open understory. They are prone to predation and car mortality, two 
factors that can play an important role in these urban habitats.  
 
BSR Information findings: 
I understand that guidelines were provided for the scoring of these factors. I would like to see it made 
very clear that there is a severe lack of information on population characteristics of BCFS and 
therefore that many of the categories are difficult to address. For example, in section (C) Population 
size and trend, it is stated that no estimates of decline are available (true) but perhaps more relevant is 
the fact that no estimates of population trends are available at all (and that documenting a declining 
trend in a rare and secretive species is statistically very challenging). 
 
Please let me know if I can provide any additional information 
 
Pat 
------------------------- 
Patrick Jodice, Ph.D. 
Leader, South Carolina Cooperative Fish & Wildlife Research Unit 
Associate Professor 
Clemson University 
Clemson, SC 29643, USA 
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Peer review #5 from Dr. Reed Noss 
 
From: Reed Noss 
To: Imperiled 
Subject: Re: Deadline reminder for peer reviews of BSR reports 
Date: Tuesday, December 28, 2010 3:34:54 PM 
 
Dear Elisa, 
 
After reading these two reports, I have decided not to provide a detailed review. Basically, the reports 
are not substantial enough at this time to warrant peer review. Much more field data (i.e., collected as 
part of a comprehensive status survey) and a more thorough literature review and consultation with 
experts, are needed before the biological status of these two subspecies (which are probably not  
genetically distinct, i.e., see Moncrief et al. 2010, Journal of Mammalogy 91:1112-1123) can be 
determined with any accuracy. Since these species have also been proposed for federal listing by the 
USFWS, and earlier petitions (such as the one I submitted for the Shermans's fox squirrel in 1987, here 
listing was found to be "warranted") are being reconsidered for these taxa, I strongly recommend that 
the FFWCC and USFWS jointly fund thorough status surveys for fox squirrels throughout Florida. In 
the meantime, the precautionary principle suggests that both taxa be listed as Threatened until or unless 
substantial further study finds them much more abundant and stable than existing evidence suggests. 
 
Sincerely, 
 
Reed 
 
Reed F. Noss, Ph.D. 
Davis-Shine Professor of Conservation Biology 
University of Central Florida 
Department of Biology 
4000 Central Florida Blvd. 
Orlando, FL 32816-2368 
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Peer review #6 from Dr. Brad Bergstrom 
 
From: Bradley J. Bergstrom 
To: Imperiled 
Subject: RE: Deadline reminder for peer reviews of BSR reports 
Date: Friday, January 28, 2011 11:48:12 AM 
Attachments: Peer review of Florida Mouse BSR.docx 
Peer review of BigCypress Fox Squirrel BSR.docx 
Peer review of Sherman"s Fox Squirrel.docx 
 
Please find attached three separate Word files, which are my peer reviews of the BSRs for:  
1) Florida mouse 
2) Big Cypress fox squirrel 
3) Sherman's fox squirrel 
___________________________ 
Brad Bergstrom, Ph.D., Professor 

Department of Biology 

Valdosta State University 

Valdosta, GA 31698-0015 USA 

 

Peer review of ―Biological Status Review for the Big Cypress fox squirrel (Sciurus niger 

avicennia)‖ 

Reviewer:  Dr. Brad Bergstrom, Biology Dept., Valdosta State University, Valdosta, GA  
e-mail:  bergstrm@valdosta.edu 
Date of Review:  26 January 2011  
 

 

The Big Cypress fox squirrel (Sciurus niger avicennia) is a subspecies endemic to forested habitat in 
the northwestern part of the Everglades ecosystem of south Florida.  It is currently listed as a state 
Threatened species.  The subspecies has a small extent of occurrence and a small area of occupancy, 
and its population is currently declining, just as there are indications of past episodes of extreme 
fluctuations in abundance.  Its current population may number as few as a few hundred and at most a 
few thousand individuals.  Population viability analysis indicates high probabilities of precipitous 
declines.  Serious threats include loss and fragmentation of remaining habitat, succession of habitat due 
to fire suppresssion, and possibly disease. 

The above listed threats to this endemic population are summarized in the BSR as meeting two of the 
criteria for listing as a Threatened species.  From this, it is clear that the Big Cypress fox squirrel is a 
species that is imperiled in Florida, in serious need of concerted recovery efforts, without which its 
long-term survival would be threatened and therefore deserving of continued Threatened status. 

 

mailto:bergstrm@valdosta.edu
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Peer review #7 from John Wooding 
 
From: Wooding, John B 
To: Imperiled 
Cc: Garrison, Elina 
Subject: RE: Deadline reminder for peer reviews of BSR reports 
Date: Wednesday, January 05, 2011 11:16:15 AM 
 
Hi Dr. Haubold, I read the Biological Status Reports for Sherman's fox squirrel and the Mangrove fox 
squirrel, and I am in concurrance with the findings. Ms. Garrison did an excellent job (and if 
possible, she should mail me a check for $20.00).  
 
Best Regards,  
John Wooding 
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Letters and emails received during the solicitation of information from the public period of 
September 17, 2010 through November 1, 2010 
 

Email from Dick Kempton 
 
From: HowardR85@aol.com 
To: Imperiled 
Subject: Big Cypress fox squirrel 
Date: Wednesday, October 06, 2010 12:38:27 PM 
 
There is a thriving population of fox squirrels in the pine lands, about 11- 14 miles 
north of US 41, off sand road. I have observed as many as 10 at one location, along 
with others in the area..Several color variations. 
 
Dick Kempton 
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Email from Paula Halupa 
 
From: Paula_Halupa@fws.gov 
To: Imperiled; Garrison, Elina 
Cc: Dana_Hartley@fws.gov 
Subject: Re: Big Cypress fox squirrel - part 1 of x 
Date: Tuesday, November 02, 2010 3:04:26 PM 
Attachments: 1978 Brown.pdf 
1990 Jodice.pdf 
Importance: High 
 
Hi Elina, 
 
We have a large amount of information that does not appear to be on the FWC's 
sharepoint. I will send you the reports / information in a series of emails (due to size 
restrictions). 
 
Thanks, 
 
-Paula 
(See attached file: 1978 Brown.pdf)(See attached file: 1990 Jodice.pdf) 
^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^ 
Paula J. Halupa 
Fish and Wildlife Biologist 
Listing, Candidate Conservation, and Recovery 
U.S. Fish and Wildlife Service 
South Florida Ecological Services Office 
1339 20th Street 
Vero Beach, FL 32960-3559 
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Copy of the Big Cypress fox squirrel BSR draft that was sent out for peer review 
 

Biological Status Review 
for the 

Big Cypress fox squirrel 
(Sciurus niger avicennia) 

 
EXECUTIVE SUMMARY  

 
The Florida Fish and Wildlife Conservation Commission (FWC) directed staff to evaluate 

all species listed as Threatened or Species of Special Concern as of September 1, 2010.  Public 
information on the status of the Big Cypress fox squirrel was sought from September 17 to 
November 1, 2010.  The members of the biological review group (BRG) met on November 3-4, 
2010.  Group members were Elina Garrison (FWC lead), Bob McCleery (University of Florida), 
and John Kellam (National Park Service).  In accordance with rule 68A-27.0012 Florida 
Administrative Code (F.A.C.), the BRG was charged with evaluating the biological status of the 
Big Cypress fox squirrel using criteria included in definitions in 68A-27.001(3), F. A. C., and 
following the protocols in the Guidelines for Application of the IUCN Red List Criteria at 

Regional Levels (Version 3.0) and Guidelines for Using the IUCN Red List Categories and 

Criteria (Version 8.1).  Please visit 
http://www.myfwc.com/WILDLIFEHABITATS/imperiledSpp_listingprocess.htm to view the 
listing process rule and the criteria found in the definitions.   
  

The Big Cypress fox squirrel Biological Review Group concluded from the biological 
assessment that the Big Cypress fox squirrel met criteria for listing.  Based on the literature 
review, information received from the public, and the biological review findings, FWC staff 
recommends retaining the species on the FWC list of threatened species. 

  
This work was supported by a Conserve Wildlife Tag grant from the Wildlife 

Foundation of Florida. 
 
BIOLOGICAL INFORMATION 
 

Taxonomic Classification – The Big Cypress fox squirrel (Sciurus niger avicennia), one 
of 3 subspecies of the fox squirrel occurring in Florida, is defined on the basis of size (it is 
smaller than both S. n. niger and S. n. shermani; Moore 1956; Turner and Laerm 1993 as cited in 
Wooding 1997).  Sciurus n. a. has been variously known as the Big Cypress fox squirrel, 
mangrove fox squirrel, Everglades fox squirrel, and south Florida fox squirrel (Hafner et al. 
1998). 

 
Life History – Big Cypress fox squirrels are large tree squirrels with variable dorsal fur 

color.  Most commonly, individuals have a black head and dorsal fur with buff sides and belly, 
buff and black tail, and white nose and ears (Florida Natural Areas Inventory 2001).  They are a 
primarily ground-dwelling species that inhabits stands of cypress, slash pine savanna, mangrove 

http://www.myfwc.com/WILDLIFEHABITATS/imperiledSpp_listingprocess.htm
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swamps, tropical hardwood forests, live oak woods, coastal broadleaf evergreen hammocks, and 
suburban habitats including golf courses, city parks, and residential areas (Hafner et al. 1998; 
Humphrey and Jodice 1992; Jansen 2008; Williams and Humprey 1979).  In Big Cypress 
National Preserve, one of the most important habitat components is the presence of large cypress 
domes with good adjacent foraging habitat (Jansen 2008; Kellam and Jansen 2010).  Optimum 
habitat for S. n. avicennia includes an open understory free of bushes and undergrowth (Brown 
1978 as cited in Hafner et al. 1998). 
 

Reproductive behaviour of Sciurus niger is summarized as follows for the species in 
general (see Koprowski 1994 for additional citations).  Fox squirrels can mate at any time of the 
year but most breeding occurs between November and February with a peak in December and 
between April and July with a peak in June.  On a golf course in western Collier County, more 
reproduction was observed in the warm summer/autumn season than in the winter/spring season 
because exotic foods supplemented a limited summer native diet (Ditgen and Shepherd 2007).  
Sciurus niger females go into estrus for only one day during which several males aggregrate on a 
female’s home range and form linear dominance hierarchies.  Females mate with more than one 
of these males.  Average litter size is generally 2 or 3 offspring.  Females can become sexually 
mature at 8 months of age, but more generally wait to reproduce until they are over a year old 
and then may breed for more than 12 years.   
 

Territorial behaviour of Sciurus niger is also summarized as follows for the species in 
general (see Koprowski 1994 for additional citations).  Sciurus niger adults, especially females, 
defend exclusive core areas but home ranges of individuals overlap and territoriality is not 
observed.  Average home ranges are 0.85-17.2 ha for females and 1.54-42.8 ha for males.  All 
juveniles disperse from their natal area but some may remain with their mother during the first 
winter. 

 
Big Cypress fox squirrels translocated from Naples, Florida, to Big Cypress National 

Preserve exhibited inconsistent site fidelity and movements of up to 32km that could be 
attributed to dispersal, post-release investigative behavior, or long-distance foraging (Jodice 
1993).  Crude estimates of Big Cypress fox squirrel population densities have been calculated at 
0.0009 squirrels/ha in typical Big Cypress Swamp habitat in Corkscrew Swamp Sanctuary and 
0.0192 squirrels/ha in ranchland woodlots (Jodice and Humphrey 1993).   Humphrey and Jodice 
(1992) stated that these densities are probably much too low, however, because they included 
some unoccupied habitat.  Densities estimated for other squirrels in the southeastern United 
States are 0.05 squirrels/ha for S. n. niger (as summarized in Koprowski 1994) and a range of 
0.04 to 0.38 squirrels/ha for S. n. shermani (Kantola and Humphrey 1990; Wooding 1997; 
Humphrey et al. 1985, Kantola 1986, and Moore 1957 as cited in Kantola 1992). 
 

Big Cypress fox squirrels have been documented eating java plum, Ficus sp., fig fruit, 
Bischofia berries, acorns, red maple samaras, bottlebrush and silk oak flowers, insects, fungi, 
bromeliad buds, thistle seed, pond apple fruit, cabbage palm fruit, holly fruit, queen palm fruit, 
Palmetto fruit, pine seeds, slash pine cones, and cypress cones (Ditgen and Shepherd 2007; 
Jansen 2008; Jodice and Humphrey 1992; Kellam and Jansen 2010).  Pine cones, cypress cones, 
and queen palm fruits are scatter hoarded (Ditgen and Shepherd 2007; Jodice and Humphrey 
1992). 
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Nests of individuals translocated into Big Cypress National Preserve were either stick 

structures or were nestled among the leaves of bromeliads in co-dominant or dominant cypress 
trees in cypress or mixed-swamp habitat (Jodice 1993).  Fox squirrels living in Big Cypress 
National Preserve have been found to build nests in bald cypress trees (98% of nests), cabbage 
palm trees, and slash pine trees (only 1 nest; Kellam and Jansen 2010).  Four types of nest are 
built: (1) stick nests, (2) stick nests that also contain thinly stripped cypress bark, (3) bromeliad 
nests with stripped bark, or (4) cabbage palm nests with stripped bark. 
 

Geographic Range and Distribution – The Big Cypress fox squirrel is the only species 
of fox squirrel endemic to Florida (Turner and Laerm 1993 as cited in Wooding 1997).  It can be 
found in the southwestern tip of peninsular Florida, in Hendry and Lee Counties south of the 
Caloosahatchee River, Collier County, mainland northern Monroe County, and extreme western 
Miami-Dade County (a strip of land that is largely in Big Cypress National Preserve; Williams 
and Humphrey 1979; Moore 1956; see summary in FWS 2002).  Sciurus niger avicennia 
occupies “the mangrove, the pinelands, and the Big Cypress west of the Everglades and south of 
the Caloosahatchee River” (Moore 1956).   
 

Population Status and Trend –The status of Big Cypress fox squirrels in the core of 
their range in Big Cypress National Preserve and the Everglades is largely unknown because of 
the difficulty of studying and observing squirrels in such habitat (Jansen 2008; Jodice and 
Humphrey 1992; Jodice and Humphrey 1993; Maehr 1993).  According to Humphrey and Jodice 
(1992), “since the Big Cypress National Preserve was established in 1974, preserve staff have 
recorded progressively fewer fox squirrels, concluding that the population is not prospering 
there.”  Furthermore, according to the IUCN Rodent Specialist Group, S. n. avicennia has not 
been seen recently in the Everglades and is currently restricted in distribution to Big Cypress 
Swamp and its adjacent pinelands (Brown 1978).  In particular, the Big Cypress fox squirrel is 
no longer present at the Cape Sable coast of Everglades National Park in the vicinity of 
Flamingo, Monroe County (FWS 2002).  Big Cypress fox squirrels have also been completely 
extirpated from Corkscrew Swamp Sanctuary and Everglades City (Jodice and Humphrey 1992).  
Isolation of Big Cypress fox squirrel populations has occurred in western Lee and Collier 
counties due to rapid urbanization (Ditgen and Shepherd 2007; Endries et al. 2009; Kellam and 
Jansen 2010). 

 
In the future, the Big Cypress fox squirrel is likely to lose some habitat to urbanization, 

agriculture, and mining.  Furthermore, although at least fifty-five percent of potential Big 
Cypress fox squirrel habitat exists in conservation lands and is therefore protected from 
development (FWS 2002, Endries et al. 2009), analyses by Florida’s Wildlife Legacy Initiative 
indicate that the majority of S. n. avicennia’s habitat (natural pineland and pine rockland) is both 
poor in quality and declining (FWC 2005).  Big Cypress fox squirrels are, however, fairly 
adaptable; they can be found in disturbed/transitional habitat such as on private ranches and in 
urban areas like golf courses (Ditgen and Shepherd 2007; FWC 2005; FWS 2002; Jodice and 
Humphrey 1992). 

 
Quantitative Analyses – A population viability analysis was carried out on the Big 

Cypress fox squirrel using demographic information from the species as a whole (Root and 
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Barnes 2006; Endries et al. 2009).  The baseline model estimated juvenile survivorship at 0.5, 
adult survivorship at 0.66, adult fecundity at 0.4125, and juvenile survivorship to adulthood at 
0.25, resulting in a growth rate of 0.9725.  Distance between populations was estimated at 5km.  
Initial abundance was estimated at 0.025 while carrying capacity was estimated at 0.18.  Results 
revealed that small changes in the model had large impacts on population trends.  Risk of 
extinction in the next 100 years was found to be zero for both managed habitat and all potential 
habitat.  The risk of large declines, however, was quite large.  The probability of a 95% decline 
in abundance in the next 100 years was about 50%.  Abundance was particularly reduced when 
only managed habitat was considered.  The model was sensitive to changes in the adult survival 
value and adult fecundity.  Only the largest populations containing at least 200 individuals 
survived throughout the 100 year simulation indicating that smaller populations will not persist 
without dispersal into the population. 
 
BIOLOGICAL STATUS ASSESSMENT 
 

Threats – The biggest threat to Big Cypress fox squirrels on the periphery of their range 
is destruction of habitat and habitat fragmentation due to encroaching development (FWC 2005; 
FWC 2008; Jansen 2008; Jodice and Humphrey 1992; Koprowski 1994; Zwick and Carr 2006).  
Rapid urbanization has isolated Big Cypress fox squirrel populations in fragmented habitat in 
western Lee and Collier counties (Ditgen and Shepherd 2007).  Similarly, the conversion of 
rangeland to citrus groves has destroyed Big Cypress fox squirrel habitat in the flatwoods region 
of Hendry County (Ditgen and Shepherd 2007) while fire suppression has led to the decline of 
Big Cypress fox squirrel numbers in seasonally inundated areas of Big Cypress Swamp and the 
Everglades because extensive understory growth makes forests uninhabitable (Ditgen and 
Shepherd 2007). 
 

A skin fungus is known to cause mortality of Big Cypress fox squirrels in urban areas but 
no researchers have indicated that this fungus could be a major threat to populations as a whole 
(as summarized in FWS 2002).   In 2010, a Big Cypress fox squirrel was found in the summer to 
be infected with Squirrel Poxvirus (J, Kellam, unpublished data).  Squirrel Poxvirus has a 75-
100% mortality rate in squirrels infected with the disease which can spread throughout a 
population through contact among conspecifics (NPS 2010).  The US National Park Service is 
currently monitoring Big Cypress fox squirrels in Big Cypress National Preserve for an outbreak 
of Squirrel Poxvirus (NPS 2010). 

 
Although some authors believe that illegal poaching in Big Cypress National Preserve 

may be having an impact on Big Cypress fox squirrel numbers (Humphrey and Jodice 1992), the 
US Fish and Wildlife Service states that it does not have evidence to support this claim (FWS 
2002). 

 
The US Fish and Wildlife Service reviewed the status of the Big Cypress fox squirrel in 

2002 and concluded that this subspecies does not qualify for listing as an endangered or 
threatened species due to any of the five factors as defined in the Endangered Species Act (FWS 
2002). 
 



 

Supplemental Information for the Big Cypress Fox Squirrel 493 
 

Sciurus niger avicennia is currently listed as Lower Risk, conservation dependent by the 
IUCN Rodent Specialist Group “based on the historical loss of habitat and restricted number and 
distribution of populations of S. n. avicennia, probably including Big Cypress National Preserve” 
(Hafner et al. 1998). 
 
Recommended actions of the IUCN Rodent Specialist Group (Hafner et al. 1998) are: 
 
 “Conduct studies to determine the optimum habitat requirements of S. n. avicennia, and 

survey for presence of populations in Big Cypress National Preserve 

 Conduct controlled burns to open up the understory for better foraging areas for S. n. 

avicennia 

 Set aside remaining occupied habitat as refuges for S. n. avicennia (Brown 1978)” 

 
Statewide Population Assessment – Findings from the Biological Review Group are 

included in a Biological Status Review information table. 
 

LISTING RECOMMENDATION – Staff recommends that the Big Cypress fox squirrel be 
listed as a Threatened species because the species met two of the criteria for listing as described 
in 68A-27.001(3), F. A. C.   
 
SUMMARY OF THE INDEPENDENT REVIEW  
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Biological Status 
Review Information 

Findings 

Species/taxon: Big Cypress Fox Squirrels (Sciurus niger avicennia) 

Date: 11/04/10 

Assessors: John Kellam, Elina Garrison, Robert McCleery 

    

  Generation length: Generation length = 3 years, used 10 year time frame as 3 generations is < 10 years.    

       

Criterion/Listing Measure Data/Information Data 
Type* 

Criterion 
Met? References 

*Data Types - observed (O), estimated (E), inferred (I), suspected (S), or projected (P).   Criterion met - yes (Y) or no (N).    

(A) Population Size Reduction, ANY of         
(a)1.  An observed, estimated, inferred or suspected 
population size reduction of at least 50% over the last 10 
years or 3 generations, whichever is longer, where the causes 
of the reduction are clearly reversible and understood and 
ceased1 

There has not been a 50% decline in the past 
10 years where the causes of reduction are 
clearly reversible or understood. 

I N   

(a)2.  An observed, estimated, inferred or suspected 
population size reduction of at least 30% over the last 10 
years or 3 generations, whichever is longer, where the 
reduction or its causes may not have ceased or may not be 
understood or may not be reversible1 

Direct observation of reduction, no longer 
found at certain localities.  Decline in area of 
occupancy and quality of habitat.  Biologist 
from multiple state and federal agencies 
concur that BCFS sightings have remained 
extremely low in the past 10 years.  The 
lands these biologist manage represent the 
core of the BCFS range.  Extent of decline 
difficult to quantify.  

I N Ditgen and Shepherd 2007; Endries et al. 
2009; Humphrey and Jodice 1992; Jansen 
2008; Jodice and Humphrey 1992; 
Kellam and Jansen 2010; Koprowski 
1994.  J. Kellam, D.  Jansen and S. Bass 
(National Park Service), M. Owen 
(Florida Fish and Wildlife Commission) 
and E. Carlson (Corkscrew Swamp 
Sanctuary); personal communications. 

(a)3.  A population size reduction of at least 30% projected 
or suspected to be met within the next 10 years or 3 
generations, whichever is longer (up to a maximum of 100 
years) 1       

The human population growth from 2010 
through 2020 for the counties (Hendry, Lee, 
and Collier) in which the species occurs, is 
projected to increase by 26.1%.  We suspect 
BCFS population reduction will occur due to 
habitat loss and fragmentation, as a result of  
development and habitat degradation due to 
changes in land management practices (e.g. 
fire reduction); also there is a possible 
population reduction due to disease (i.e. 
squirrel poxvirus).  However, it is unknown 
what the relationship between habitat loss 
and population reduction is.     

I N Zwick and Carr 2006, John Kellam 
(NPS), unpublished data.  
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(a)4.  An observed, estimated, inferred, projected or 
suspected population size reduction of at least 30% over any 
10 year or 3 generation period, whichever is longer (up to a 
maximum of 100 years in the future), where the time period 
must include both the past and the future, and where the 
reduction or its causes may not have ceased or may not be 
understood or may not be reversible.1 

See above A(a)3. I N   

1 based on (and specifying) any of the following: (a) direct observation; (b) an index of abundance appropriate to the taxon; (c) a decline in area of occupancy, extent of occurrence 
and/or quality of habitat; (d) actual or potential  levels of exploitation; (e) the effects of introduced taxa, hybridization, pathogens, pollutants, competitors or parasites.  
(B) Geographic Range,  EITHER         
(b)1.  Extent of occurrence < 20,000 km2 (7,722 mi2 )  OR Extent of occurrence was calculated by adding 

up the area of all counties of occurrence.  Total 
area came to 16,679 km2. 

E, I Y Williams and Humphrey 1979, 
Wooding 1997; Moore 1956, Endries et 
al. 2009, John Kellam, personal 
communication. 

(b)2.  Area of occupancy  < 2,000 km2 (772  mi2 ) Estimated areas of occupancy based on GIS 
habitat analyses range from 1,677 km2 to 3,840 
km2.  However, current research being 
conducted at Big Cypress National Preserve is 
finding that GIS based habitat models have 
overestimated the potential habitat and therefore 
the actual area of occupancy.  

E, I Y Cox et al. 1994, FWS 2002, Endries et 
al. 2009, J. Kellam and D. Jansen 
(NPS), unpublished data. 

AND at least 2 of the following:         
a. Severely fragmented or exist in ≤ 10 locations Populations are known to be severely 

fragmented in western Lee and Collier Counties 
and in other isolated patches of habitat in urban 
areas.  However, extent of the fragmentation is 
unknown.   

I N Ditgen and Shepherd 2007; Endries et 
al. 2009; Kellam and Jansen (NPS), 
unpublished data. 

b. Continuing decline, observed, inferred or projected in 
any of the following: (i) extent of occurrence; (ii) area of 
occupancy; (iii) area, extent, and/or quality of habitat; (iv) 
number of locations or subpopulations; (v) number of mature 
individuals 

Decline projected in (ii), (iii), (iv), and (v).  See 
A(a)3 and C(c)2b. 

I, P Y FWS 2002; Jansen 2008; Jodice and 
Humphrey 1992; Koprowski 1994. 

c. Extreme fluctuations in any of the following: (i) extent 
of occurrence; (ii) area of occupancy; (iii) number of 
locations or subpopulations; (iv) number of mature 
individuals 

Extreme fluctuations in area of occurrence, area 
of occupancy and number of locations or 
subpopulations have occurred in the Cape Sable 
coast of Everglades National Park, Corkscrew 
Swamp Sanctuary and Big Cypress National 
Preserve.  Extreme fluctuations in the number of 
mature individuals occurred in Corkscrew 
Swamp Sanctuary between mid-70’s and mid-
80’s (Ed Carlson, personal communication).   In 
addition, in the mid-1990s, BCFS in Corkscrew 
Swamp Sanctuary were found dead or dying, 
followed by a period of absence for years 
afterward (Ralph Arwood, personal 
communication). 

I Y Jodice and Humphrey 1992; J. Kellam, 
E. Carlson and R. Arwood, personal 
communications.   
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(C) Population Size and Trend         
Population size estimate to number fewer than 10,000 mature 
individuals AND EITHER 

Density estimates for BCFS range from 0.09 to 
1.92 squirrels/km2.  Using Endries et al. 2009, 
available habitat (2,858 km2) would result in a 
population size of 257 - 5,487 squirrels.  
Although these density estimates are believed to 
be low, interviews with state and federal 
biologists, concurred that population size of 
mature individuals is well below 10,000.  

I Y Cox et al. 1994, FWS 2002; Endries et 
al. 2009, Jodice and Humphrey 1992, J. 
Kellam and D. Jansen, personal 
communication. 

(c)1. An estimated continuing decline of at least 10% in 10 
years or 3 generations, whichever is longer (up to a 
maximum of 100 years in the future) OR 

No estimates of decline available. I N   

(c)2. A continuing decline, observed, projected, or inferred in 
numbers of mature individuals AND at least one of the 
following:  

See additional notes and citations in B2b. I Y   

a. Population structure in the form of EITHER Unknown I N   
(i) No subpopulation estimated to contain more than 

1000 mature individuals; OR 
(ii) All mature individuals are in one subpopulation No I N   

b. Extreme fluctuations in number of mature individuals See above B(b)2c.  In addition, Squirrel 
poxvirus has been detected recently in BCFS 
within Big Cypress National Preserve.  This 
highly virulent disease (mortality rate of 75-
100%) has the potential to cause significant 
population loss.   

I Y J. Kellam (NPS), unpublished data. 

(D) Population Very Small or Restricted, EITHER           
(d)1.  Population estimated to number fewer than 1,000 
mature individuals; OR 

There are more than 1000 estimated mature 
individuals.  

I N   

(d)2.  Population with a very restricted area of occupancy 
(typically less than 20 km2 [8 mi2]) or number of locations 
(typically 5 or fewer) such that it is prone to the effects of 
human activities or stochastic events within a short time 
period in an uncertain future   

AOO is greater than 20 km2 and number of 
locations is greater than 5.  

I N    

(E) Quantitative Analyses         
e1.  Showing the probability of extinction in the wild is at 
least 10% within 100 years 

PVA did not show probability of extinction of at 
least 10%.  However, the PVA model used was 
based upon a habitat model that overestimated 
the actual AOO.     

P N Endries et al. 2009, J. Kellam, personal 
communication.  Also see notes on 
Bb2.   

       

Initial Finding (Meets at least one of the criteria OR Does not meet any 
of the criteria) 

Reason (which criteria are met)    
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Yes, meets 2 criteria Bb ii, iii, iv, v, cii, iii, iv; C2b     

        
Is species/taxon endemic to Florida? (Y/N) Yes    

If Yes, your initial finding is your final finding.  Copy the initial finding and reason to the final finding space below.  If No, 
complete the regional assessment sheet and copy the final finding from that sheet to the space below. 

   
       
Final Finding (Meets at least one 
of the criteria OR Does not meet any 
of the criteria) 

Reason (which criteria are met)    

Meets 2 criteria  Bb ii, iii, iv, v, cii, iii, iv; C2b     

     
     



 

 

Appendix 1.  Biological Review Group Members Biographies 

Elina Garrison has a M.S. in Wildlife Ecology and Conservation from the University of Florida.  She 
has worked as a biologist in FWC’s Terrestrial Mammal Research Subsection since 2004.  Ms. 
Garrison has experience with a variety of Florida mammals, including black bears, white-tailed deer, 
and fox squirrels, and she has assisted with fox squirrel risk assessments and compiling statewide 
range maps. 

John Kellam has a BS in Biology from Humboldt State. John has been the lead biologist on a field 
study of Big Cypress fox squirrels in Big Cypress National Preserve since 2007.  To date, 20 radio-
collared individuals have been monitored 3 times per week to determine movements, habitat use, food 
preferences, and nest tree selection. 

Robert McCleery has a Ph.D. in Wildlife Science from Texas A & M University.  He currently serves 
as an assistant professor in the Department of Wildlife Ecology and Conservation at the University of 
Florida.  Dr. McCleery has over 15 years experience in research and conservation of wildlife and has 
worked extensively on the ecology of fox squirrels, Key Largo woodrats, Keys marsh rabbits, Florida 
Key deer and Indiana bats. 
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Appendix 2.  Summary of letters and emails received during the solicitation of 
information from the public. 

There is a thriving population of fox squirrels in the pine lands, about 11- 14 miles 
north of US 41, off sand road. I have observed as many as 10 at one location, along 
with others in the area. Several color variations. 

- Dick Kempton 
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Appendix 3.  Information and comments received from the independent reviewers. 

 


