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Abstract This study was conducted in Cedar Key Scrub State Reserve, Florida, USA, with the purpose of establishing: (1)
if small mammals used wetlands as refugia following prescribed fire, (2) if small mammals returned to burned areas after the

regrowth of the vegetation, and (3) if prescribed burning had a negative effect on the survival of the species. Few studies have

addressed these topics in the literature, which are important for management and restoration purposes. The design consisted

of two treatments and two control sites (scrub) with 100 traps each and a wetland next to each site with two transects (10 traps

each) between the scrub and the wetland. A total of 182 individuals of Florida mouse (Podomys floridanus), cotton rat

(Sigmodon hispidus), cotton mice (Peromyscus gossypinus), and golden mouse (Ochrotomys nuttalli) were marked to

monitor movements between the scrub and the wetlands, but only Florida mouse and cotton rat had sufficient data for analysis.
The survival analysis was carried out by using Cormack-Jolly-Seber model and the program MARK. In treatment sites,

Florida mouse and cotton rat were captured primarily in the scrub (69%) before burning, they used the vegetation surrounding

wetlands as refugia for 11 months after burning, and they returned to the scrub after that. In control sites, Florida mouse and

cotton rat were captured mostly in the scrub (89%). Both species returned to the scrub after the vegetation had >50% cover

and provided flowers and fruits. The survival analysis found that fire did not have a negative effect on the survival of the

species. The results imply that if no refugia are provided during prescribed fire, wetlands next to the burned areas should not

be burned. Wetlands should be burned if other refugia are provided or a year after mice have returned to burned areas.
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Studies on the use of adjacent unburned habitats as
refugia after prescribed fire are rare. Goatcher [3] and
Blanchard [4] carried out research of the possible use of
stream-terrace hardwood forest as refuge for the cotton
mouse (Peromyscus gossypinus) in Lee Memorial Forest,
Baton Rouge, Louisiana. Movements across the fire-break
were not detected and the investigators concluded that
cotton mice did not use stream-terrace hardwood forest as
refuge after prescribed fire. In contrast, other studies
reported small mammal use of refugia during and after a
patchy burning. McGee [5] reported that unburned and
partially burned sites served as refugia to 11 species of
small mammals in sagebrush communities in Burro Hill,
Bridger-Teton National Park, Wyoming. Schwilk and Keely
[6] found that a wildfire in California chaparral and coastal
sage scrub left patches of vegetation lightly burned, which
acted as refugia and enable eight species of small mammals

1. Introduction

Prescribed fire is the primary method of fuel reduction in
the United States, and the effects of prescribed burning on
fauna need more research for this reason. Of five group of
vertebrates (fishes, amphibians, reptiles, birds, and
mammals), small mammals have received more attention.
Ream [1] and Smith [2] reviewed 674 papers and Smith
summarized the general effects of prescribed fire on small
mammals. Most of these papers evaluated change in
abundance/densities and dispersal to unburned/burned areas
as a consequence of vegetation alteration after fire. Few
studies were regarded the use of surrounding unburned
habitats as refugia, or the influence of the regrowth of the
vegetation on recolonization, and no study pertained to
survival analysis. These three aspects are relevant because

of their direct implications to wildlife management and
ecosystem restoration.
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to colonize burned sites during the first six months after fire.
More research on this topic is needed because several
studies have documented dispersal to unburned areas [7, 8,
9, 10, 11, 12, 13, 14, 15, 16]. If so, most likely small
mammals used other unburned habitats as temporary
refugia. In Florida, only 11 studies have evaluated the
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effects of fire on small mammals, and no study assessed the
importance of adjacent habitats to burned sites as refugia.

Studies about small mammals recolonizing burned sites
after the regrowth of the vegetation several months or years
after prescribed burning are also rare. The reappearance of
eastern harvest mouse (Reithrodontomys humulis) and
cotton rat (Sigmodon hispidus) on the burned area of
slash/longleaf pine habitat in north-central Florida appeared
to be correlated with redevelopment of the ground cover
[17]. Deer mouse (Peromyscus maniculatus) and Uinta
ground squirrel (Spermophilus armatus) populations
approached control numbers after 3 years when total cover
of the understory was near control levels in Burro Hill,
Bridger-Teton National Park, Wyoming [5]. In central
Appalachians, Pennsylvania, the differences in small
mammal abundance between unburned and burned sites
disappeared within eight months after fire due to the fast
regrowth of ground cover [18]. Ahlgren [19] in Minnesota
and Sullivan and Boateng [20] in British Columbia found a
decrease in southern red-backed vole (Clethrionomys
gapperi) numbers 2-3 years following fire until recovery of
the ground cover vegetation occurred. Research on recovery
of small mammal populations relative to recovery rate of
vegetation structure following fire is highly needed [21].

Few studies [22, 23, 24, 25, 26, 27, 28] have provided
information about survival rate and recapture probabilities
of small mammals before and after prescribed burning. This
approach might be critical for population survival and for a
better understanding of factors that affect population
dynamics of small mammals.

The objectives of this study were to evaluate the
importance of vegetation surrounding wetlands next to
burned sites as refugia, to determine whether population
recovery is linked with the regrowth of the vegetation, and
to estimate survival probabilities before and after prescribed
burning. These topics are important and can contribute to a
broader understanding of prescribed burning effects and
their influence on ecosystem restoration.

2. Materials and Methods
2.1. Study Area and Species

Scrub is a distinctive and one of the most threatened
ecosystems in Florida [29, 30]. It is distinct because it
supports a high number of threatened and endangered plants
and animals [20, 29, 31, 32]. It is threatened because of
natural fragmentation, human perturbations, and fire
exclusion [29]. Scrub is a pyrogenic ecosystem that requires
catastrophic fire for self-maintenance. Scrub fires are
devastating, resulting in extensive consumption of the above
ground vegetation. The natural frequency of fires is one
every 10-100 years [29] or one every 20-50 years [33].
However, natural fire no longer occurs with the same
intensity and frequency because the scrub has been
fragmented and reduced. Conservation of this unique
ecosystem relies on management and research for

conservation and restoration purposes. Particularly, research
on animal responses to prescribed fire is strongly needed in
several public lands in Florida. One of these lands is Cedar
Key Scrub State Reserve (CKSSR), in which this study was
conducted. Although prescribed burning has been an
important management tool for ecosystem restoration in
CKSSR, this study was the first research that analyzed the
effect of prescribed burning on small mammals.

CKSSR (29°11°21”N 83°2°4”W; Figure 1) is located in
Levy County, Florida, which has an area of 1973 ha. Cedar
Key has a warm and humid climate, and based on 30 years of
weather records (Weather.com), annual temperature and
precipitation average 20.8°C and 126.3 mm, respectively.
The heaviest rainfall takes place from June to September
with some precipitation in all months of the year.

Hurricanes Charley, Frances, and Jeanne hit the Florida
peninsula in August.-September 2004, during the study, and
before prescribed burning. A total of 372.5 mm fell in Cedar
Key during September. This was 217.6 mm over the monthly
average precipitation (154.9 mm). This precipitation caused
water from nearby wetlands to inundate the scrubby
flatwoods and the sand pine scrub, and they remained
partially flooded for several weeks.

v

Cedar Key Scrub
State Reserve

Figure 1. Location of Cedar Key Scrub State Reserve in Florida

CKSSR is a mosaic of wetlands, scrubby flatwoods, mesic
flatwoods, sand pine scrub, and sandhill. Scrubby flatwoods
and sand pine scrubs are the two types of scrubs in the
reserve. Scrubby flatwoods are dense and represent a great
percentage of the total land area in the reserve, and
occasionally prescribed fire includes surrounding wetlands.
This is one aspect of concern for ecosystem restoration
because the vegetation surrounding wetlands might have a
role as refugia after prescribed fire. By the time of the study,
several scrubby flatwoods were over-matured with a very
high vegetation density and cover because the last wildfire in
the area occurred in 1955 [34, 35].

Several oaks, ericaceous, palm, and herb species
characterized scrubby flatwoods. The most common oaks
were myrtle oak (Quercus myrtifolia), sand live oak (Q.
geminata) and_Chapman oak (Q. chapmanii). Ericaceous
species were rusty lyonia (Lyonia ferruginea), fetterbush (L.
lucida), and staggerbush (L. fruticosa). Palms were
saw-palmetto (Serenoa repens) and sabal palm (Sabal
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palmetto). Common herb species were Elliot’s milkpea
(Galactia elliottii), soft milkpea (G. mollis), and Chapman’s
golden rod (Solidago odora). Oaks and ericaceous species
dominated the scrubby flatwoods. Pine overstory is missing
or has slash pine (Pinus elliottii) in place of sand pine (P.
clausa). The vegetation surrounding wetlands was an
ecotone between scrubby flatwoods and the proper
vegetation of wetlands.

Common small mammal species in the scrubby flatwoods
were Florida mouse (Podomys floridanus), cotton rat, cotton
mice, and golden mouse (Ochrotomys nuttalli). Flying
squirrel (Glaucomys volans) and eastern woodrat (Neotoma
floridana) were captured one time.

2.2. Study Design

The study of literature, the desire to better understand the
role of refugia in survival and as a source of reoccupation of
burned habitat, and the effect of fire in survival brought the
following research hypotheses: (1) Florida mouse, cotton rat,
cotton mice, and golden mouse used the vegetation
surrounding wetlands next to burned sites as temporary
refugia after prescribed burning, (2) Florida mouse, cotton
rat, cotton mice, and golden mouse returned to burned sites
after plant communities provided at least 50% of vegetation
cover, and (3) prescribed burning did not have a negative
effect on the survival probability of the Florida mouse,
cotton rat, cotton mice, and golden mouse.

A quasi-experimental design was planned with two
treatment sites (5C and 2M) and two control sites (5A and
5D) not selected at random to test the research hypotheses.
Sites 5C, 5A, and 5D were separated by approximately 635
m and they were approximately 2.3 km apart from 2M. The
park manager planned to burn long-unburned scrubby
flatwoods in the reserve, and we visited them to do the
selection. We chose four sites with similar characteristics
regarding soil, slope, fuel characteristics, plant species
structure and composition, fire history, a wetland next to
them, and no mechanical treatment. A site analysis
determined that treatment and control sites were ecologically
similar [36]. The design included trapping and vegetation
sampling in all sites and in the vegetation surrounding
wetlands next to all sites before and after prescribed burning.
Trapping allowed detection of movements of small
mammals in sites, in the vegetation surrounding wetlands,
between sites and wetlands, and to obtain the
capture/recapture data to estimate survival probabilities.
Vegetation sampling enabled quantifies vegetation cover.

Based on the results mentioned in the introduction and
the natural history of the four species, I predicted that: (1)
the vegetation surrounding wetlands next to burned sites
would be used as refugia after prescribed burning, (2) small
mammals would use these refugia until the vegetation in the
burned sites recuperated at least 50% cover of preburn
values, and (3) the survival probability of the four species
was not negatively affected by prescribed burning.

137

2.3. Trapping Methods

Four 10x10 grids were used for capturing, marking, and
recapturing mice. Grids were installed in the scrubby
flatwoods of treatment and control sites. Each grid had 100
standard-sized Sherman Live Traps (7.6 cm x 8.9 cm x 22.9
cm) arranged in 10 lines with 10 trapping stations each and
15 m between trapping stations. In addition, two trap lines
with 10 traps each (15 m between traps) were placed between
each grid and the wetland next to it. Trap lines were in the
vegetation near the border of each wetland to detect mice
moving from the grids. Each trap was baited with a 50-50
mix of crimped oats and sunflower seeds, and polyester was
used as nesting material during periods of cool weather.
Palmetto fronds were used to shade and insulate traps. Traps
were checked at sunrise and midafternoon because of the
diurnal activity of cotton rat, and traps were left set at all
times during the trapping session.

n m Flooding [EAL

2004 Jan Feb Mar Apr May Jun Jul /Aug Sep Oct Nov Dec

BT I N

2005 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Prescribed Burning

2006 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 2. Trapping sessions (red blocks) carried out in Cedar Key Scrub
State Reserve, Cedar Key, Florida, between 2004 and 2006. Three
hurricanes hit Cedar Key before the 3™ trapping session, and prescribed
burning occurred between the 4™ and the 5™ trapping session

Four trapping sessions were conducted before and after
prescribed burning (Figure 2) and were planned one session
every three months. A session consisted in trapping
simultaneously in pair of grids, including one treatment and
one control grid (5C-5A and 2M-5D). All sessions were
performed up to a 5 days per site sequence to avoid possible
loss in body mass associated with capture [37]. The 3"
trapping session started in October and not in September
because three hurricanes hit Cedar Key. The 4" session
began in March rather than in January due to low
temperature (<50 F), and it was completed before applying
prescribed burning to 5C on 04/21/05. The 5™ session started
in 5C on 04/26/05, prescribed burning took place in 2M on
05/18/05, and trapping began in 2M on 05/23/05. Each
session lasted 20 days for four sites, but closing traps
because of predators (3-5 days/site after the 1% or 2™ day of
trapping) extended each trapping session up to 40 days. The
exception was the 8" trapping session. It was supposed to
start in February 2006, just nine months after burning, but it
was cancelled because of the low temperature and
rescheduled for April. This session lasted more than two
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months because trapping for predators was implemented. In
treatment and control sites, pretreatment data were collected
from 03/02/04 to 04/20/05, and posttreatment data from
04/26/05 to 07/19/06.

An extra trapping effort was carried out right after the 3
trapping session. Five trap lines (10 traps each; 15 m
between traps) were installed on places of higher elevation
in/near each treatment and control sites during five nights.
The purpose of this trapping was to recapture 79 individuals
marked during the 1% and 2™ trapping sessions and not
recaptured during the 3™ session right after hurricanes hit
Cedar Key.

Collected data included species, weight, sex, reproductive
condition, trap location, and tag number. Reproductive
conditions were as follows: juveniles with varying stages of
gray pelage, subadult (nonbreeding) individuals with adult
pelage but no evidence of current sexual activity, and
breeding animals with adult pelage and evidence of sexual
activity. Sexual activity was determined in males by testicles
in scrotal position and for females by pregnant conditions
and nipple size. Each mouse was identified with two unique
ear-tags (National Band and Tag Co., Covington, KY) and
released at point of capture. Trapping and handling methods
followed the guidelines of the American Society of
Mammalogists and were approved by the Institutional
Animal Care and Use Committee at the University of Florida
(approval number A793).

Trapping for predators was carried out to remove them
from the grids before the 8" trapping session in each site.
Raccoon  (Procyon  lotor), grey fox (Urocyon
cinereoargenteus), opossum (Didelphis marsupialis), and
Florida long-tailed weasel (Mustela frenata peninsulae)
were the predators found in treatment and control sites. From
the 1% to the 7™ trapping session, predators were not
abundant and disturbed three to five traps for no more than
five days. The strategy was to close traps and wait three to
five days for predators to move to other places. However,
before the 8" trapping session, predators were abundant
(particularly raccoon) in treatment sites. Therefore, trapping
predators took place for seven to 10 days in each site before
trapping small mammals. Predators were released at a
minimum distance of 3.0 km from the grid of capture.

2.4. Vegetation Sampling and Prescribed Burning

Before prescribed burning, vegetation sampling was
carried out in treatment and control sites from January to
March 2005. Burning reduced 100% the herb and shrub
cover on the ground and top-killed the woody vegetation in
more than 95% in treatment sites. After prescribed burning,
sampling was conducted at interval of three months from
May 2005 until April 2006. Vegetation cover was sampled
by placing a quadrat (4 m?) on 50 points of the trapping grid
selected by a stratified random sampling [38]. Shrub (<1.5 m
tall) cover was quantified in cm along a 2 m line that
intercepted the center point of two opposite sides of each
quadrat.

2.5. Data Analysis

Due to the small sample size of the capture-recapture
dataset, data analysis was only carried out for the Florida
mouse and the cotton rat. I combined the data from control
and treatment sites for each species and evaluated the effect
of prescribed burning on the survival probability by using
information-theoretic model selection and inference
framework [39]. In addition, I used the program MARK 4.3
[40] for testing lack of fit and for estimating the survival and
recapture probabilities by using the Cormack-Jolly-Seber
model [41, 42, 43].

The candidate model set consisted of 16 models. The
survival probability (phi) was considered constant (.), time
dependent (t), group dependent (g; treatment — control), and
dependent of the interaction group and time (g*t). The
recapture probability (p) was also considered under the same
conditions, and the combination of all these possibilities
added up 16 models. This set of models was used as the
candidate model set. I fitted these models to the data by using
the “predefined model” option in MARK and carried out the
Goodness of Fit (GOF) test for the full time-dependent
model phi(g*t) p(g*t).

The GOF test was done by using Bootstrap and Release
methods. The Bootstrap method provides two ways to
estimate c-hat: the deviance and the c-hat method. 1
followed Cooch and White’s [44] recommendations
regarding which c-hat to choose between Bootstrap and
Release. These authors suggest to choose the largest c-hat
value in the interval 1 < c-hat <3 in order to make the model
selection more conservative. This c-hat means over
dispersion of the dataset, and an adjustment for lack of fit is
needed by using this particular c-hat value. The Bootstrap
deviance method provided the greatest c-hat for the Florida
mouse and the cotton rat. Hence, the full-time dependent
model and the candidate model set were adjusted to these
c-hats. Since the dataset was small, MARK calculated the
corrected Akaike’s Information Criterion (AIC) or AIC..
Furthermore, since the candidate model set was adjusted by
using a c-hat value, MARK displayed the quasilikelihood
AlICc or QAICc values.

To compare and select models, the following steps were
carried out. First, selecting the most parsimonious model in
the candidate model set by using QAICc. Models were
considered well supported if AQAICc < 2. Second, in the
Florida mouse, the most parsimonious model was phi (t) p(.),
and the second and third best models were phi(t) p(g) and
phi(t) p(t), respectively. In cotton rat, the most parsimonious
model was phi (t) p(.) and the second one was phi(t) p(g).
The survival probability (phi) was only time dependent, and
the probability of recapture (p) was constant (.), time
dependent (t), and group dependent (g). Therefore, I
considered building other models to test flood and prescribed
burning effects based on these preliminary results.

Third, adding models phi (Flood + Fire) p(., t, g) for the
Florida mouse and phi (Flood + Fire) p(., g) for the cotton rat.
Flood and prescribed burning (Fire) were time dependent



International Journal of Ecosystem 2014, 4(3): 135-149

variables and their additive effects were modelled with the
probability of recapture constant, time dependent, and group
dependent. These combinations resulted in nine models for
Florida mouse and six models for cotton rat that were added
to the candidate model set of 16 models for comparison
purposes. In addition, because models phi(Flood + Fire) p(t)
and phi(Flood) p(t) had the greatest support in the data in the
Florida mouse, and p(t) was present in these two models, I
added models phi(Flood + Fire) p(Flood+Fire), phi(Flood +
Fire) p(Flood), and phi(Flood + Fire) p(Fire) to analyze the
effect of the time-dependent covariates Flood and Fire in the
recapture probability. Then, the most parsimonious model
was selected out of 28 and 22 models for Florida mouse and
cotton rat, respectively. The covariate Flood was included in
the survival analysis of these two species because three
hurricanes hit Cedar Key and partially flooded treatment and
control sites. No previously marked mice were recaptured
after flooding. Since, this covariate had a strong influence in
the survival probability in both species; its additive effect
with Fire was modeled by adding linear constraints to
MARK. The basic sequence of steps of building design
matrices followed Cooch and White [44]. Recording two
natural disturbances was a lucky event and modeling them
makes this study unique.

Fourth, checking for the number of real parameters and
adjusting them. Even though MARK estimates the number
of parameters, the model structure determines the number of
parameters that are theoretically estimable. However, if the
sample size is small, not all theoretically estimable
parameter can be estimated. In addition, when survival and
recapture are time dependent, the terminal parameter is not
individually identifiable [45]. Since the sample size for the
mark-recapture data is small in this study, I manually
checked if the number of estimable parameters indicated by
MARK matched the number of 3 parameters theoretically
estimable for a particular model. If they did not match (one
or more [} parameters were not estimated), I manually
adjusted the number of parameters to the theoretical number.

Fifth, I estimated survival parameters by using modeling
averaging. Reporting survival estimates from the most
parsimonious model ignored model uncertainty. For this
reason, survival estimates were reported utilizing modeling
averaging from the entire model set, which weights
parameter estimates using normalized QAICc model weights
[46]. Finally, survival estimates from both the most
parsimonious model and model averaging were plotted. The
purpose of this comparison was to show similarities or
dissimilarities between estimated parameters from both
approaches.

3. Results

3.1. Number of Captured Individuals in Treatment and
Control Sites

A total of 182 individuals were marked and recaptured
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426 times in 29,340 trapping nights in treatment and control
sites. Table 1 presents the number of recaptures, new
individuals, and total captured individuals per trapping
session in treatment and control sites. Considering the total
individuals captured per species in treatment sites, all species
were captured in low numbers (one to nine individuals) at the
beginning of the study (1¥-3 trapping session). Of 39
individuals marked in the first two trapping sessions, none
were recaptured after the hurricanes during the 3™ trapping
session and during the additional trapping effort carried out
in upper grounds. Most likely, they died. After the 3™
trapping session, the number of individuals of Florida mouse
and cotton rat increased from 13 to 21 individuals and from
13 to 34 individuals, respectively, even after prescribed
burning. The number of captured individuals of cotton mice
was stable (four to seven individuals) and only one golden
mouse was recaptured through time.

Control sites had different results. Looking at total
captured individuals per species in control sites, all species
were captured in low numbers (one to 11 individuals) at the
beginning of the study. Of 40 individuals marked during the
first two trapping sessions, I did not recapture any of them
after the hurricanes during the 3" trapping session and during
the trapping done in upper grounds. Probably, they also died.
I captured nine and one individual (all new) of Florida mouse
and cotton rat, respectively, during the 3™ trapping session.
After the 3" trapping session, the number of individuals of
cotton rat increased from two to 13 individuals, Florida
mouse (six to eight individuals) and cotton mice (three to six
individuals) remained relatively stable through time. Only
one golden mouse was recaptured after the 3™ trapping
session.

The comparison above between treatment and control sites
illustrated two different scenarios. The number of
individuals of Florida mouse and cotton rat increased in
treatment sites only, and this event took place after flooding
and prescribed burning. In contrast, a similar pattern was
found for cotton mice and golden mouse in treatment and
control sites. Obviously, flooding, prescribe burning, or both
affected demography parameters of Florida mouse and
cotton rat.

3.2. Number of Captured Individuals in Scrubs and
Wetlands

Table 2 shows the number of captured individuals per
species in scrubby flatwoods (scrubs hereafter) and in the
vegetation surrounding wetlands (wetlands henceforth) per
trapping session in treatment and control sites. In treatment
sites and before prescribed burning (1% - 4™ trapping
sessions), [ captured 73 individuals in both scrub and
wetlands, but 54 (74.0%) were captured in scrubs. During the
4™ trapping session after the hurricanes, 26 (76.5%) of 34
new marked individuals were captured in scrubs. Of these 26
mice, 22 (84.6%) were recaptured in wetlands during the 5™
trapping session right after prescribed burning. In addition,
during the 5™ trapping session in wetlands, five mice
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previously trapped in wetlands were recaptured and 18 new
individuals were captured. Therefore, marked mice moved to
or stayed in wetlands after prescribed burning and new
individuals preferred wetlands rather than scrubs. During the
6th and 7th trapping sessions, 90 individuals were captured
in wetlands and six in scrubs. The 90 individuals included
mainly previously marked individuals (82) rather than new
ones (8). The six individuals found in scrubs corresponded to
one Florida mouse marked in the 6™ and recaptured in the 7™
trapping session, two new Florida mouse marked in the 7"
session, and one cotton mouse recaptured in the 6™ and 7™
trapping sessions. Of 46 mice captured in wetlands during
the 7™ trapping session, 31(67.4%) were recaptured in scrubs
during the 8" trapping session. During this last trapping
session, one year after prescribed burning, I captured 59
individuals in both scrubs and wetlands and 53 (89.8%) were
trapped in scrubs. The 53 individuals included 31 recaptured
mice from the 7" trapping session and 22 new individuals.
The six individuals captured in wetlands were new. During
all trapping sessions in control sites, 153 individuals were
captured, from which 139 (90.8%) mice were captured /
recaptured only in scrubs. Therefore, mice returned to the
scrubs in treatment sites after at least 11 months (May
2005-March 2006) following prescribed burning. These
results supported the 1% research hypothesis, but only for the
Florida mouse and the cotton rat. The results obtained for the
cotton mouse and the golden mouse are not conclusive
because of the small sample size.

Florida mouse and cotton rat returned to scrubs after plant
species offered both cover and food, and this event took
place at least 11 months after prescribed burning. The 7"
trapping session occurred in November-December 2005, and
the majority of the Florida mouse and all cotton rats were in
wetlands. I could not trap at nine months after burning
(January 2006) because of the low temperature. Trapping
started in April 2006 at 12 months after burning and Florida
mouse and cotton rat were recaptured in scrubs. At nine
months postburn, the most common woody species had a
combined cover of 50.4% and 53.5% in 5C and 2M,
respectively (Table 3). Even though these sites offered at
least 50% cover in January, Florida mouse and cotton rat did
not move to scrubs because insect activity was low due to the
low temperatures and plant species did not start to produce
flowers and fruits until March-May 2006. Blueberry
(Vaccinium myrsinites) developed flowers in March and
fruits in April 2006. Dangelberry (Gaylussacia nana) and
saw-palmetto developed flowers in April, but dangleberry
had fruits in May and saw-palmetto in June 2006. Rusty
lyonia, fetterbush, gallberry (I/lex glabra), and tar flower
(Brevaria racemosa) flowered in April-May and fruited in
June-July 2006. Therefore, Florida mouse and cotton rat may
have returned to scrubs in March 2006, 11 months after
prescribed burning, because they had cover and food. This
result did not support the 2™ research hypothesis. Florida
mouse and cotton rat needed the combination of cover and
food, not only cover.

Table 1. Recaptures (R), new individuals (N), and total captured individuals (T) per species per trapping session in treatment and control sites in Cedar Key
Scrub State Reserve, Cedar Key, Florida, from 2004 to 2006
Trapping Florida mouse Cotton mice Golden mouse Cotton rat Total
Session R N T R N T R N T R N T R N T
1 0 7 7 0 3 3 0 8 8 0 1 1 0 19 19
2 5 1 6 3 0 3 7 2 9 1 1 2 16 4 20
= 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
g 4 0 13 13 0 7 7 0 1 1 0 13 13 0 34 34
§ 5 12 4 16 4 0 4 1 0 1 10 14 24 27 18 45
i 6 15 1 16 4 3 7 0 0 0 21 2 23 40 6 46
7 14 2 16 6 1 7 0 1 1 22 4 26 42 8 50
8 9 12 21 0 4 4 0 0 0 24 10 34 33 26 59
Total 95 Total 35 Total 20 Total 123 158 115 273
1 0 10 10 0 0 0 0 11 11 0 1 1 0 22 22
2 4 4 8 0 0 0 8 0 8 1 1 2 13 5 18
3 0 9 9 0 0 0 0 0 0 0 1 1 0 10 10
E 4 8 0 8 0 6 6 0 0 0 0o 2 2 8 8 16
LS) 5 6 0 6 5 1 6 0 1 1 1 8 9 12 10 22
6 6 0 6 5 0 5 1 0 1 7 2 9 19 2 21
7 5 2 7 3 0 3 0 0 0 9 2 11 17 4 21
8 5 1 6 0 4 4 0 0 0 10 3 13 15 8 23
Total 60 Total 24 Total 21 Total 48 84 69 153
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Table 2. Number of captured individuals per species in scrubby flatwoods (S) and in the vegetation surrounding wetlands (W) per trapping session in
treatment and control sites in Cedar Key Scrub State Reserve, Cedar Key, Florida, from 2004 to 2006. T = total capture

Trapping Florida mouse Cotton mice Golden mouse Cotton rat Total

Session S w T S w T S w T S w T S w T

1 4 3 7 2 1 3 7 1 8 1 0 14 5 19

2 3 3 6 3 0 3 7 2 9 1 1 14 6 20

- 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
g 4 9 4 13 5 2 7 1 0 1 11 2 13 26 8 34
§ 5 0 16 16 0 4 4 0 1 1 24 24 0 45 45
a 6 1 15 16 1 6 7 0 0 0 23 23 2 44 46
7 3 13 16 1 6 7 0 1 1 0 26 26 46 50

8 21 0 21 2 2 4 0 0 0 30 4 34 53 6 59
Total 95 Total 35 Total 20 Total 123 113 160 273

1 7 3 10 0 0 0 11 0 11 1 0 1 19 3 22

2 4 4 8 0 0 0 8 0 8 2 0 2 14 4 18

3 8 1 9 0 0 0 0 0 0 1 0 1 9 1 10

Tg 4 8 0 8 5 1 6 0 0 0 2 0 2 15 1 16
§ 5 6 0 6 6 0 6 1 0 1 9 0 9 22 0 22
6 6 0 6 4 1 5 1 0 1 9 0 9 20 1 21

7 7 0 7 3 0 3 0 0 0 11 0 11 21 0 21

8 6 0 6 4 4 0 9 4 13 19 4 23
Total 60 Total 24 Total 21 Total 48 139 14 153

Table 3. Mean percent cover (standard error) of the most common woody
species in 5C and 2M sites in Cedar Key Scrub State Reserve, Cedar Key,
Florida at 9 and 12 months in 2005 and 2006. Code: Sp = Species, A =
myrtle oak, B = saw-palmetto, C = sand live oak, D = fetterbush, E = rusty
lyonia, F = Chapman oak, and G = blueberry

5C 2M
Sp 9 months 12 months 9 months 12 months
A 16.07 (3.05) 24.95(3.91) 14.48(2.79) 18.68(3.86)
B 2248 (4.42) 23.00(4.47) 21.57(3.94) 21.64(4.12)
C 3.76 (1.16) 7.64 (2.33) 4.63(1.07) 8.58 (1.95)
D 2.82 (0.80) 3.58 (0.98) 3.11(1.23) 2.62(1.14)
E 3.28 (1.15) 3.10 (1.21) 5.26 (2.45) 11.18 (3.71)
F 1.75 (0.70) 2.61(1.15) 2.97 (1.04) 4.07 (1.33)
G 0.24 (0.14) 0.59 (0.28) 1.43 (0.49) 2.76 (0.75)
Total 50.40 65.47 53.45 69.53

3.3. Flood and Fire Effects on the Florida Mouse

The additive effect Flood + Fire and Flood had an effect
on the survival probability of the Florida mouse. Table 4
presents the top eight of 28 models fitted, adjusted to c-hat =
1.1387, and corrected for the number of parameters. As
shown in this table, the top model phi (Flood + Fire) p(.) had
24.0% support in the data, and there was not enough
evidence to indicate that this model was different from the
2" to the 5" model because AQAIC, < 2.0. However, the
additive effect of Flood + Fire and the covariate Flood had an
influence on the survival probability of Florida mouse
because this set of four models was supported by 59.5% of
the data, and phi was dependent of Flood + Fire in three

models. Even though the covariate Fire by itself did not have
support in the data, the effect of fire could be seen by
comparing model phi (Flood + Fire) p(.) with phi (Flood) p(.).
Delta QAIC, = 2.83, and this was the Fire effect. The effect
of Flood could be noted by comparing phi (Flood + Fire) p(.)
with phi (Fire) p(.) (AQAIC, = 30.11). This was the Flood
effect. The time-dependent covariate Flood and Fire did not
have an important influence in the recapture probability
because these models had very little support in the data (<
8.7%).

Table 4. Top models after adding to the candidate model set, phi(Flood +
Fire) in combination with p constant (.), time dependent (t), and group
dependent (g), and phi(Flood + Fire) in combination with p(Flood + Fire),
p(Flood), and p(Fire) in the analysis Flood and Fire effect on survival
probabilities of the Florida mouse in treatment and control sites in Cedar
Key Scrub State Reserve. Cedar Key, Florida, from 2004 to 2006. Columns
are the Akaike’s information criterion corrected for small sample size after
quasilikelihood adjustment (QAICc), the difference in QAICc (AQAICc),
model weight (o relative likelihood of models in the set), and the number of
parameters (K). Quasilikelihood adjustments were made with c-hat=1.1387.
Only the top eight of 28 models are displayed

Models QAICc  AQAICc ® K
{Phi(Flood+Fire) p(.)} 121.89 0.00 0.240 4
{Phi(Flood+Fire) p(t)} 122.95 1.06 0.142 10
{Phi(Flood) p(t)} 123.39 1.50 0.114 9
{Phi(Flood+Fire) p(g)} 123.67 1.78 0.099 5
{Phi(t) p(.) PIM} 123.82 1.93 0.092 8
{Phi(Flood + Fire) p(Fire)} 123.94 2.04 0.087 5
{Phi(Flood + Fire) p(Flood)}  124.06 2.17 0.081 5
{Phi(Flood) p(.)} 124.72 2.83 0.058 3
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Figure 3.

Survival probabilities for the Florida mouse calculated by model phi(Flood + Fire ) p(.) and by model averaging for the set of 28 models in

treatment (Treat.) and control (Cont.) sites in Cedar Key Scrub State Reserve, Cedar Key, Florida, between 2004 and 2006 (chat =1.1387)

Prescribed burning did not have a negative effect and
flooding probably negatively influenced the survival
probability of Florida mouse. Model phi(Flood + Fire) p(.)
estimated one survival and one recapture parameters because
this was a particular case of time-dependence where trapping
sessions with the same Flood and Fire conditions shared the
same survival rate. Therefore, the survival rate for nonflood
and nonprescribed fire times was 0.787 in treatment and
control sites, and 0.00 (phi,) and 1.00 (phiy,) for flooding and
after prescribed fire time, respectively (Figure 3). For this
reason, when the survival parameters estimated for treatment
and control sites are plotted, I found two overlapping curves,
and the only difference was for phiy, where prescribed
burning apparently increased survival to 1.00 (Figure 3). But,
I could not conclude if this increase was significant or not
because the B parameter was not estimable due to of the
small sample size (Table 5). Nevertheless, I could state that
prescribed fire did not have a negative influence on the
survival probability of Florida mouse because none of the
models in which Fire was involved alone had support in the
data. Furthermore, in the real scenario, I did not find
evidences of mortality caused by fire in treatment sites, and
prescribed burning indirectly increased survival because of
the role of the vegetation surrounding wetlands as refugia.
Thus, these results support the 3™ research hypothesis. In
contrast, flooding probably had a negative effect. The
parameter in the model phi(Fire + Flood) p(.) was not
estimable. Statistically, I could not make any conclusion. But,
practically, it was likely that Flood decreased the survival
probability of Florida mouse to zero before the 3™ trapping
session. I did not recapture 13 Florida mouse marked
between the 1% and 2™ trapping sessions after the hurricanes.

Figure 3 also displays the estimated survival parameters
for model averaging in treatment and control sites. The fact
that four curves were quite similar indicated that model
phi(Flood + Fires) p(.) was the best model and provided good

estimates of the survival parameters. The main difference
was on phiy, in which the two estimates in treatment sites
differed by 0.032. However, model averaging provided a
better estimate on phiy because of 13 Florida mouse marked
in the 4™ trapping session, 12 were recaptured in the 5™
trapping session. Therefore, phiy should not be equal to 1.00.

Table 5. Estimated  parameters from models phi(Flood+ Fire) p(.) in the
analysis Flood and Fire effect on the survival probabilities of the Florida
mouse in treatment and control sites in Cedar Key Scrub State Reserve,
Cedar Key, Florida, from 2004 to 2006. Standard error = SE. Confidence
interval (CI) = 95%

Parameter B SE Lower CI Upper CI
Intercept 1.31 0.303 0.71 1.90
Flood -22.52 0.000 -22.52 -22.52
Fire 30.56 0.000 30.56 30.56
p 2.81 0.742 1.35 4.26

3.4. Flood and Fire Effects on the Cotton Rat

Table 6. Top models after adding phi(Flood + Fire) in combination with p
(., g) to the candidate model set in the analysis Flood and Fire effect on
survival probabilities of the cotton rat in treatment and control sites in Cedar
Key Scrub State Reserve, Cedar Key, Florida, from 2004 to 2006. See Table
4 for column definitions. Quasilikelihood adjustments were made with c-hat
= 1.5694. Only the top eight of 22 models are displayed

Models QAICc AQAICc ® K
{Phi(Flood) p(.)} 84.47 0.00 0.325 3
{Phi(Flood + Fire) p(.)} 85.10 0.63 0.238 4
{Phi(t) p(.) PIM} 86.17 1.70 0.139 8
{Phi(Flood) p(g)} 86.22 1.75 0.136 4
{Phi(Flood + Fire) p(g)} 86.84 2.37 0.100 5
{Phi(t) p(g) PIM} 88.16 3.69 0.052 9
{Phi(.) p(.) PIM} 93.41 8.94 0.004 2
{Phi(Fire) p(.)} 94.80 10.33 0.002 3

The covariate Flood and the additive effect Flood + Fire
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had an influence on the survival probability of cotton rat.
Table 6 shows the top eight of 22 models fitted, adjusted to
c-hat = 1.5694, and corrected for the number of parameters.
As can be seen in this table, the top model, phi (Flood) p(.)
had 32.5% support in the data, but it was no different from
the 2™ to the 4™ model because AQAIC, < 2.0. Of the
remaining 18 models, phi(Flood + Fire) p(g) and phi(t) p(g)
had 10.0% and 5.2% support in the data, respectively, but the
rest of the models had a support < 0.40% in the data. In

addition, there were considerable evidences for a real
difference between phi(Flood) p(.) and the 5" and 6™ models
because AQAICc > 2.0. The first four models had 83.8%
supports in the data and it is conformed mainly by the
covariates Flood and Flood + Fire. Thus, only models with
Flood and Flood + Fire on the apparent survival rate had a
substantial support in the data. Therefore, these covariates
had an effect of the survival probability of the cotton rat.
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Figure 4. Survival probabilities for the cotton rat estimated by model phi(Flood) p(.) in treatment and control sites in Cedar Key Scrub State Reserve, Cedar

Key, Florida, between 2004 and 2006 (chat =1.5694)
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Figure 5. Survival probabilities for the cotton rat estimated by model phi(Flood + Fire) p(.) and by model averaging for the set of 22 models in treatment
and control sites in Cedar Key Scrub State Reserve, Cedar Key, Florida, between 2004 and 2006 (chat =1.5694)
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Table 7. Estimated 3 parameters from models phi(Flood) p(.) and phi(Flood + Fire) p(.) in the analysis Flood and Fire effect on the survival probabilities of
the cotton rat in treatment and control sites in Cedar Key Scrub State Reserve, Cedar Key, Florida, from 2004 to 2006. Standard error = SE. Confidence

Interval (CI) = 95%

Model Parameter B SE Lower CI Upper CI
Intercept 2.29 0.43 1.46 3.13

phi(Flood) p(.) Flood 21.14 7999.23 -15699.63 15657.35
p 2.58 0.54 1.53 3.63
Intercept 2.55 0.53 1.52 3.58

Flood -21.58 8080.71 -15859.77 -15816.77
phi(Flood+Fire) p(.) Fire -1.32 1.00 -3.28 0.63
p 2.54 0.53 1.51 3.57

The covariate Flood and the additive effect Flood + Fire
apparently reduced the survival probability of the cotton rat,
but Fire alone did not have any negative effect on the
survival rate. In the most parsimonious model phi(Flood) p(.)
and the second most parsimonious one phi(Flood + Fire) p(.),
Flood apparently decreased survival from values such as
0.908 and 0.928, respectively, to 0.00 between the 2™ and 3™
trapping sessions (corresponding to phi, in Figures 4 and 5).
Furthermore, Fire in model phi(Flood + Fire) p(.) apparently
decreased survival from 0.928 to 0.774 between the 4™ and
the 5™ trapping sessions (phis in Figure 5). The word
‘apparently’ is used because the  parameters corresponding
to Flood in the two models were not estimable, and Fire in
model phi(Flood + Fire) p(.) was estimable but not
significant (Table 7). Practically, Flood most likely killed
marked cotton rats in the study during hurricanes even
though it could not be demonstrated statistically. In contrast,
the covariate Fire had < 0.20% support in the data in the two
models that stood alone, and it was not significant. In
addition, I did not find evidences of death caused by fire in
treatment sites. Therefore, prescribed burning did not have a
significant negative effect on the survival probability of the
cotton rat. Of 13 marked rats during the 4™ trapping session,
10 were recaptured in the vegetation surrounding wetlands
after prescribed burning. Hence, these results supported the
3" research hypothesis.

The estimated survival parameters for model phi(Flood +
Fire) p(.) and model averaging are presented in Figure 5.
Even though phi(Flood + Fire) p(.) was not the most
parsimonious model, it was compared with model averaging
because phi(Flood + Fire) p(.) and model phi(Flood) p(.) had
equal weight in the data, and phi(Flood) p(.) did not contain
Fire. The survival parameters estimated by model phi(Flood
+ Fire) p(.) were the same for treatment and control sites,
with the exception of phiy. For this reason, the control curve
(pink line) overlapped the treatment curve (blue line) except
in phiy. This situation happened because this was a case of
time-dependence where trapping sessions with the same fire
and flood conditions would share the same survival rate.
These estimated parameters were similar to the parameters
estimated by modeling averaging with the exception of phi;
and phi,. For phis_the value estimated by model phi (Flood +
Fire) p(.) in treatment and control sites (0.928) was greater
than the value estimated by modeling averaging in treatment

and control sites (0.741). For phis, model phi(Flood + Fire)
p(.) estimated a value for treatment (0.774) lower than for
control sites (0.928). Model averaging also produced a value
for treatment (0.830) lower than for control (0.882) site. But,
the difference between treatment and control sites (0.154) for
model phi(Flood + Fire) p(.) was greater than the difference
for model averaging (0.052). Therefore, model phi(Flood +
Fire) p(.) provided good estimates of the survival parameters
with the exception of phi; and phis, in which model
averaging delivered better estimates. We were expecting a
lower difference between treatment and control sites because
fire did not have any support in the data and the B parameter
was not significant.

4. Discussion
4.1. Flooding Effect

Hurricanes Charley, Frances, and Jeanne hit Cedar Key
and all sites were flooded. The approximate percentage of
grids covered by water was as follows: 5C =5A =50%, 2M =
60%, and 5D = 30%. All sites stayed flooded for at least two
weeks and mice only had two options, move to higher
ground or die. I did not capture mice in upper grounds
inside/outside the grids during the extra trapping effort. Most
likely, 79 mice marked during the first two trapping sessions
died in treatment and control sites.

Flooding negatively affected the small mammal
community independently of their life form. Even though the
effect of flooding on the survival probabilities of Florida
mouse and cotton rat was not conclusive statistically, the
effect of flooding upon terrestrial species was expected to be
detrimental. Arboreal species such as golden mouse should
have a better possibility to tolerate this type of disturbance,
but it did not because flooding lasted at least two weeks in all
sites. No previous survival analysis of the effect of flooding
on small mammals was found, but some references support
the negative effect of a long period of flooding. No
detrimental effect upon the population of cotton mice and
golden mouse in Texas was recorded when flooding
occurred up to 8 days. Flooding for a 3 weeks period caused
a marked decrease in the populations. This probably
happened because individuals tended to remain within
established home range even during long periods of flooding
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[47]. White-footed mice (Peromyscus leucopus) completely
disappeared from floodplain plots after severe flooding [48,
49]. White-footed mice, mountain vole (Microtus montanus),
and kangaroo rat (Dipodomys ordii) generally experience
habitat inundation as catastrophic [50].

4.2. Burrows as Refugia during Prescribed Burning

Most likely, prescribed fire did not cause mortality of the
small mammal community in CKSSR because mice hid in
burrows. Fire intensity was high enough in treatment sites to
remove all above ground vegetation and no evidence of mice
mortality was found. Most likely, mice hid in 28 burrows in
each treatment site during prescribed burning and moved to
the vegetation surrounding wetlands after it. Out of 26
individuals of Florida mouse, cotton rat, cotton mice, and
golden mouse marked in scrubs during the 4™ trapping
session in treatment sites, 22 were recaptured in wetlands
after prescribed burning during the 5" trapping session.
Burrows increased survivorship because of the insulating
characteristic of the soil. Some studies have shown that
temperatures higher than 100 °C at the surface of the ground
decline in the first 2.5 cm of soil depth to temperatures
around 20-30 °C in longleaf pine in south-eastern USA [51],
in Australia eucalypt forest [52], in California Chaparral [53],
and in heavy slash fuels after logging a forest [54]. One
reason for poor penetration of heat is that convective heat is
transferred upward. Burrows as refugia for small mammals
during prescribed fire have been documented in the literature
[2, 55, 56,57, 58, 59, 60, 61].

4.3. Prescribed Burning Effect

The lack of a negative prescribed burning effect found in
this study has also been cited in the literature. Seven studies
have reported survival analysis and five of them indicated
that prescribed burning did not have any negative effect. A
population of dusky-footed woodrats (Neofoma fuscipes)
fluctuated from 1993 to 2001 and decreased after prescribed
fire in California oak woodlands. Apparently, juvenile
survival was the cause of the population fluctuation.
Prescribed fire did not have any support in the data [25].
Densities of deer mouse and lodgepole chipmunk
(Neotomias speciosus) are more influenced by year effect
than prescribed burning in a mixed conifer forest in Sequoia
National Park, California. Fire by itself had less than 0.01%
support in the data [26]. The effect of fire was not significant
on the survival probabilities of Pinyon deermouse
(Peromyscus truei), brush deermouse (P. boylii), and
California pocket mouse (Chaetodipus californicus) in a
mixed blue oak-coast live oak in California [28]. Forest
thinning increased densities of deer mouse, gray-collared
chipmunks (Tamias cinereicollis), golden-mantled ground
squirrels (Spermophilus lateralis), and Mexican woodrats
(Neotoma mexicana) in ponderosa pine in Coconino
National Forest, Arizona. But, the combination of thinning
and frequent prescribed fire might have reduced small
mammal densities [23]. Survival of the cotton mouse was
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similar across all treatments and controls sites after a
prescribed burning in a longleaf pine (Pinus palustris)
ecosystem in Ichauway, Georgia [27]. In the same study area,
a winter prescribed fire caused a short-term reduction in
survival of cotton rats within two sites subjected to mammal
predator control. This reduction occurred because the
majority of cotton rats did not emigrate and exposed to avian
predators due to the reduction of cover and food [22].
However, another study conducted in Ichauway found out
that prescribed fire increased apparent monthly survival of
cotton mice and cotton rat relative to their respective base
models [24].

4.4. Population Increases/Decreases after Prescribed
Burning

There was an increase in the number of individuals of
Florida mouse and cotton rat after prescribed burning. This
increase was clearly identified after comparing treatment and
control sites (Table 1). A 100% reduction of the herb and
shrub vegetation in treatment sites after prescribed burning
forced both species to move to the vegetation surrounding
wetlands. However, although cotton mice and the only
individual of golden mouse did the same, the number of
individuals did not increase through time. Therefore,
prescribed burning was the stimulus to move, but the
increase in number of individuals in the vegetation
surrounding wetlands had to deal with other factors such as
immigration, food/space availability, and competition. I only
had data for the first factor. The increase in the number of
individuals was due to new adult individuals. Maybe, the
burned area attracted these mice but they had to seek refuge
in the vegetation surrounding wetlands because of the lack of
cover and food in the burned area.

The lack of increase in the number of individuals of cotton
mice was surprising, but the drastic decline in the number of
individuals of golden mouse was expected. The majority of
the studies have shown a neutral or positive response of the
genus Peromyscus to prescribe fire in the burned area [27, 56,
62]. Only one cotton mouse was captured in one burned area
and six in wetlands between the 5" and the 7™ trapping
sessions in Cedar Key (Table 2). Most likely, this was a
consequence of lack of enough cover and food during the
regrowth of vegetation in treatment sites and the vegetation
surrounding wetlands was too dense for this species. The
decline in the number of individuals of golden mouse was
predictable because of its arboreal life form and the
combined effect of flooding and prescribed burning.

4.5. Habitat Selection: Immigration, Emigration, and
Returning to Burned Areas

In general, prescribed burning affects small mammals
mainly through the way it affects their habitats. Direct effects
such as injury, mortality, and movement (immigration and
emigration) might be the short-term population responses.
Indirect effects through habitat alteration could influence
long-term responses such as feeding, movement,
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reproduction, and availability of refugia [2]. In both
circumstances, immigration and emigration have an
important role in population demography, food availability,
reproduction, and recolonization of the burned areas.
Immigration might occur because burned areas attract small
mammals; however, emigration could also take place if there
is insufficient food and cover in the burned area.
Characteristics of an animal species such as mobility and
particular food and cover requirements will determine its
ability to re invade a burned site [63]. The length of time
before these species return to burned sites depends on how
much fire altered the habitat structure and food supply [2].
The last three sentences summarize and explain what Florida
mouse and cotton rat experienced at CKSSR. I do not make
statements for the cotton mouse and the golden mouse
because of the low number of captures.

Although I only trapped a few new individuals in burned
sites following prescribed burning, the literature has reported
immigration to burned areas. Between the 5™ and the 7™
trapping sessions, only three new Florida mouse and one new
cotton mouse were captured in burned sites. Probably, other
new individuals were attracted by the burned area and moved
to wetlands looking for cover and food. Odors from burned
areas might stimulate immigration of deer mouse from
suboptimal habitats in Kansas tallgrass prairie [64]. Deer
mouse invaded a slash burned area immediately after
prescribed fire in jack pine in northeastern Minnesota [19].
The number of resident individuals of Florida mouse in
burned areas of longleaf/turkey oak habitat in
Ordway-Swisher Preserve was higher than in the unburned
ones [58, 65].

Emigration to unburned sites has also been reported in the
literature. The lack of prescribed burning effect on Florida
mouse and cotton rat was because they emigrated to and used
the vegetation surrounding wetlands as refugia. Statistically,
I could not draw any conclusion regarding fire effect on the
Florida mouse and it was not significant for the cotton rat.
However, even though the dataset was small, it was good
enough to demonstrate that these two species emigrated to
wetlands where they found cover and food. Although Florida
mouse in the current study moved out of burned areas, no
individuals of Florida mouse leaved burned areas except one
after prescribed burning in Ordway-Swisher Preserve [58].
This was probably due to a patchy burn in the Ordway
sandhills in comparison with a more continuous and high
intensity burn in the CKSSR scrub. Cotton rat moved from
the burned to the un-burned site following prescribed fire
near Gainesville, Florida [7]. Red squirrel (Tamiasciurus
hudsonicus), voles (Microtus spp), and flying squirrel
(Glaucomys spp.) emigrated from recent burned areas [1].
Townsend’s chipmunk (Neotamias townsendii) and
dusky-footed woodrat were not abundant in recently burned
areas in chaparral brushlands [66]. Even though species
emigrate from burned sites, most of the time they return to
the same burned site they moved away from months ago.

Florida mouse and cotton rat returned to the burned sites in
CKSSR after at least 11 months. This amount of time

appears to be a long time for a mouse to live and survive. Out
of 49 Florida mice (19 individuals) and cotton rats (30
individuals) captured between the 5" and the 7" trapping
sessions, 33 (67.3%) individuals (nine Florida mouse and 24
cotton rats) were recaptured again in scrub in the 8" trapping
session. The survival curve for both species was high
(Figures 3 and 4), and the amount of time involved between
the 5™ and the 8" trapping session was 373 days for 5C and
403 d for 2M. Are Florida mouse and cotton rat long lived
species? Jones [58] at Ordway Swisher Preserve found that
8.6% of all marked mice (225 individuals) were present for
360 days or more. Of these mice, half were females first
marked as juveniles, and most of the males were first marked
as subadults and adults. The longevity records were 649 days
for females and 920 days for males. Layne [17] reported two
cotton rat females, originally trapped as subadults, recorded
on the study area during the entire 14-month period. A
juvenile female, an adult male, and a juvenile male were first
captured in October 1960 and they were recaptured 10
months later in July 1961.

Florida mouse and cotton rat in CKSSR returned to the
burned sites after they found cover and food. It is surprising
that both species returned approximately at least 11 months
later. But, it is not as surprising when we consider the
phenology of the plant species. Acorns of myrtle oak,
Chapman oak, and sand live oak developed surrounding
wetlands in September and production ended in December
2005. Thus, Florida mouse and cotton rat had food to stay in
the vegetation surrounding wetlands. In the burned sites 5C
and 2M, the percentage of shrub cover at 11 months after
prescribed burning was not quantified, but at 12 months was
65.5% and 69.5%, respectively (see Table 3). Blueberry was
the first plant to develop flowers in March and fruits in April
2006, and Florida mouse and cotton rat returned to scrubs
during this event.

The relationship between the amount of cover and mice
returning to burned areas has been reported in the literature.
Layne [17] was the first to report that the return of cotton rat
and eastern harvest mouse to a burned area appeared to be
correlated with redevelopment of the ground cover in
slash/longleaf pine habitat in north-central Florida. West [67]
indicated that northern red-backed voles avoided a burned
area in black spruce for one year and established a resident
population in the fourth postfire year, which it was the first
year of berry production in central Alaska. Kirkland et al. [18]
found that the rapid recovery of small mammal populations
was explained by the fast regrowth of ground cover,
particularly of blueberry. Schwilk and Keeley [6] carried out
a patchy burn in a California chaparral and coastal sage scrub.
Unburned patches acted as refugia and allowed small
mammals colonized severely burned sites during the first six
months after prescribed fire. Ford et al., [68] also used the
link between small mammals and regrowth of the vegetation
as the explanation of the population recovery in the study
conducted in Southern Appalachian, North Carolina.
Kirchner et al., [69] reported that relative abundances of
cotton rat and pigmy mice (Baiomys taylori) returned to
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preburn levels in burned sections after grasses and forbs
cover regrew in eight months at tallgrass blackland prairie in
Texas.

4.6. Implications for Wildlife Management and
Ecosystem Restoration

Because so many species rely on small mammals as prey
and for ecosystem services (seed dispersal and soil
conditioning), it is relevant to consider small mammals’
responses to prescribed burning [28]. This and other studies
support the hypothesis that prescribed burning does not
negatively affect the survival probability of small mammals.
Therefore, prescribed burning can be safely applied as a
management tool for restoration purposes in scrubby
flatwoods, but the prescription should consider refugia for
small mammals. This is not the norm, at least in Florida. I
suggest that if the area to be burned is surrounded by habitats
included in the prescribed burning plan during the same
season, the vegetation next to wetlands and to the area to be
burned should not be included in the prescribed burning plan.
The vegetation next to wetlands and to the area to be burned
will be the only refugia available to wildlife. If the area to be
burned has surrounding habitats not included in the
prescribed burning plan, land managers could burn the
vegetation next to wetlands. Another possibility is to burn
the vegetation next to wetlands after giving the burned area

enough time (at least one year) to re-establish cover and food.

Prescribed fire should be limited to the spring and early
summer and applied to only a portion of the total area [70].

5. Conclusions

Prescribed burning did not negatively affect the survival
probability of the Florida mouse and the cotton rat in scrubby
flatwoods because they used the vegetation surrounding
wetlands as refugia for at least 11 months. Emigration to
refugia occurred because there was no cover and food in the
burned sites after a high intensity prescribed burning. The
recolonization of the burned sites took place in or after
March 2006 because of the regrowth of the shrub cover
(>50%) and the production of flowers and fruits. The use of
prescribed burning as a management tool in the scrubby
flatwoods should include identification and protection of
refugia for small mammals because of their critical role as
prey species and in ecosystem services. The vegetation
surrounding wetlands should be burned only if other refugia
are offered or after burned sites provide cover and food.
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