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ABSTRACT

 We conducted a 58-day study from 6 September to 2 November 2003 
to evaluate size and age structure of fox squirrels (Sciurus niger) in mast and 
non-mast forests in the upper Midwest.  Hourly observation and harvest ratios 
indicated squirrel density was greater in the mast than non-mast forest.  No sig-
nificant differences were found in adult male (p = 0.264) or subadult male (p = 
0.114) squirrel weights for mast and non-mast forests.  Adult female (p = 0.003) 
and subadult female (p = 0.022) weights were significantly heavier in mast than 
non-mast forests.  Subadult to adult ratios were similar in the mast and non-
mast forests indicating high fecundity rates, which may be due to  subadult male 
emigration into the non-mast forest.  Results indicated a need for mast crops in 
agriculture areas for squirrel production.   
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 This study evaluated size and age structure of fox squirrels (Sciurus niger) 
between a predominately mast (> 80% mast) and non-mast (> 80% non-mast) 
forest in the upper Midwest.  Numerous research projects have examined fox 
squirrels relative to mast crops (Allen 1948, Nixon et al. 1975, Harty and Stains 
1976, Korschken 1981, Nixon et al 1991, Schroeder and Vangilder 1997) and 
suggested that mast is important as a food source for this species.  These studies 
also indicate that mast availability is related to survival rates of young, fecundity, 
and immigration/emigration rates.  However, others have indicated that habitat 
fragmentation and mast crop availability have a small impact on fox squirrels 
in agricultural areas (Fouch 1962, Kline 1964, McClellan 1985, Schmidt and 
Brown 1996, Nupp and Swihart 2000).  Studies also have compared size and age 
structure of fox squirrels (Thoma and Marshall 1960, McCloskey 1968, Short 
and Duke 1971, Goodrum 1972, Harnishfeger 1977, Reynolds and Silvy 1983) 
across the U.S. with variable results.  
 No research is available comparing mast and non-mast forests associated 
with fox squirrel size and age structure.  This study analyzed these parameters to 
assess the importance of mast forests to squirrel populations.  We hypothesized 
fox squirrels from the mast forest would be larger in size and the population 
would be younger in age structure compared to the non-mast forest.  
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STUDY AREA
 The mast forest, Study Site #1, was 117 ha, on private property, and owned 
by Anderson Farms Inc., Oliver Shonkwiler Farms, and John Paton Farms.  The 
legal description was E 1/2 Sec 7 and W 1/2 Sec 8, Emmet Township, T-100-N 
and R-34-W located northwest of Estherville, Iowa (Figure 1).  The area was 
comprised of two large ravines perpendicular to the west fork of the Des Moines 
River, with many adjoining smaller ravines (Figure 2).  The main soil types lo-
cated within the site are Lester loam, Millington silt loam, and Vinje silty clay 
loam (Jones 1997).  The forest is adjoined to the north, west, and south by row 
crop agricultural, and pasture to the east.  

Figure 1. Location of study sites in Emmet County, Iowa (Natural Resources Conservation 
Service 2001).
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  Black walnut (Juglans nigra), bur oak (Quercus macrocarpa), and northern 
red oak (Quercus rubra) comprise over 80% of the woody vegetation in this study 
area.  Other species include American basswood (Tilia americana), American elm 
(Ulmus americana), black maple (Acer nigrum), black willow (Salix nigra), eastern 
hophornbeam (Ostrya virginiana), green ash (Fraxinus pennsylvanica), sandbar 
willow (Salix interior), silver maple (Acer saccharinum), slippery elm (Ulmus ru-
bra), and sugar maple (Acer saccharum).  
 The non-mast forest, Study Site #2-Ryan Lake, was 128 ha owned by the 
state of Iowa, and managed by the Iowa Department of Natural Resources.  Legal 
description of the site was the SW 1/4 Sec 27, SE 1/4 SE1/4 Sec 28, NE 1/4 NE 

Figure 2. Topographic maps of study sites (Geographical Survey Bureau 2000).
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1/4 Sec 33, and the NW 1/4 Sec 34, Center Township, T-99-N and R-33-W lo-
cated southeast of Estherville, Iowa (Figure 1).  The area is a prairie pothole lake 
that has been drained into Drainage Ditch #60 (Figure 2).  The old lakebed is 
surrounded by forest and is divided into five sections by four shelterbelts.  Open 
areas and surrounding lands are planted to row crop agriculture.  Soil types with-
in this site are Blue Earth mucky silt loam, Calcousta mucky silt loam, and Palms 
muck (Jones 1997).  Woody vegetation on this site was over 80% American elm, 
boxelder (Acer negundo), eastern cottonwood (Populus deltoides), and green ash.  
Remaining forest coverage was American basswood, black walnut, black willow, 
burr oak, hackberry (Celtis occidentalis), red mulberry (Morus rubra), Russian 
olive (Elaeagnus angustifolia), silver maple, and sugar maple.  

METHODS

 Fox squirrel observation and harvest data were collected in this study.  Ob-
servation data were collected during hunting outings.  The hunting route was 
circular in pattern to eliminate double counting bias.  Squirrels were harvested 
during the regular open hunting season using non-toxic shot (Iowa 2003).  They 
were collected by still-hunting using 20 gauge shotguns, with 21.3 gram, 6 shot 
steel loads.  A Faulks model LS-85 squirrel call was utilized for location purposes 
by imitating chatter barks (Zelley 1971).  All squirrels were weighed in the lab 
with an A & D Silver Scale, model SK5000WP, (A & D Company, Tokyo Japan) 
to the nearest 2 g.  
 Sexing and aging was done by mastology of the females and scrotum assess-
ment of the males (Petrides 1951, Kirkpatrick 1955, Thompson 1958, Godin 
1960, Dubock 1979, Dimmick and Pelton 1996).  This method is the most 
accurate method to sex and age live or freshly harvested squirrels (McCloskey 
1977).  Age classes utilized were adult, subadult (spring born), and juvenile 
(summer born). Hypotheses were evaluated using Lillifor’s tests, paired t-tests, 
and least squares means statistical analysis in ANOVA (SYSTAT 2002).  

RESULTS

 Between 6 September and 2 November 2003, 102 fox squirrels were har-
vested from mast (n = 61) and non-mast (n = 41) forests.  Observation data was 
normally distributed for the mast (p=0.023) and non-mast (p=1.000) forest.  
Number of squirrels observed was significantly higher (p = 0.021) in mast (n = 
113, 2.58/hr) than non-mast (n = 75, 1.32/hr) forest.  Harvest rate was signifi-
cantly higher (p = 0.013) in the mast (1.39/hr) than in the non-mast (0.72/hr) 
forest. Juveniles were excluded from further analysis due to limited data (Table 
1).
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Table 1. Fox squirrels harvested by sex and age class in mast and non-mast forests in the 
upper Midwest, 6 September – 2 November 2003.

Forest 
Type

Adult 
Male

Adult 
Female

Subadult 
Male

Subadult 
Female

Juvenile 
Male

Juvenile 
Female

Total

Mast 10 7 22 14 1 7 61
Non-Mast 6 6 19 8 2 - 41

 All weight data were normally distributed.  Weights did not differ between 
subadult males (p = 0.144) and adult males (p = 0.264) collected from the two 
study sites.  Adult female weights were significantly larger (p = 0.003) in mast 
(mean=875g) than the non-mast (mean=778g) forest (Table 2).  Subadult fe-
males also were significantly heavier (p = 0.022) in the mast (mean=705g) than 
the non-mast (mean=650g) forest (Table 2).  Adult females weighed more than 
adult males in the mast forest.  This was biologically significant (p=0.086) but 
not statistically significant (≤ 0.05).  There was no significant weight difference 
(p = 0.516) between adult females and adult males in the non-mast forest.

Table 2. Fox squirrel mass (g) by sex and age class in mast and non-mast forests in the 
upper Midwest, 6 September – 2 November 2003.

Forest Type Adult Male 
Mean       SE

Adult Femal 
Mean         SE

Subadult Male 
Mean           SE

Subadult Female  
Mean               SE

Mast 825        20 875           16 738             18 705               15
Non-Mast 793        13 778           20 704             12 650               14

 The subadult to adult age structure was similar in the mast and non-mast 
forests; 2.12:1 and 2.25:1, respectively.  Subadult male to adult female ratios 
were similar in the mast and non-mast forests; 3.14:1 and 3.17:1, respectively.  
Adult male to adult female ratios were higher in mast (1.42:1) than non-mast 
(1:1) forests.  Subadult female to adult female ratios were higher in mast (2:1) 
than non-mast (1.33:1) forests.  Subadult male to subadult female ratios were 
lower in the mast (1.57:1) than the non-mast (2.38:1) forest.  

DISCUSSION

 Results from our study were similar to an Ohio study (Nixon et al. 1974) in 
that mast crops were shown to be important to fox squirrel populations.  Obser-
vation and harvest data indicated the fox squirrel population density was greater 
in the mast than non-mast forest.  Many studies have shown that immigration 
decreases with abundant food availability (Allen 1943, Baumgartner 1943, 
Nixon et al. 1974, Nixon et al. 1975, Harnishfeger 1978).  Fall dispersal of fox 
squirrels is short in duration (Baumgartner 1943, Nixon et al. 1974) and peaked 
during our study period (6 September to 2 November) (Allen 1943, Delong 
1986).  
 Comparisons of weight between sites indicated food availability and nu-
tritional value were higher in the mast forest. Korschgen (1981) indicated that 
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75% of the fox squirrels fall diet in his Missouri study consisted of mast.  How-
ever, studies in Michigan (Fouch 1962), Iowa (Kline 1964), Illinois (McClellan 
1985), and Indiana (Nupp and Swihart 2000) indicate no difference in harvest, 
survival, or fecundity in relation to mast crops in agricultural areas.  
 Fecundity is reduced in many species during times of insufficient food sup-
ply.  Nixon et al. (1975) indicated summer breeding was drastically reduced 
during periods of low mast crops.  In our study, only two juvenile squirrels were 
harvested from the non-mast site compared to 8 harvested from the mast site.  
 Juvenile to adult ratios in this study were much higher than those in Iowa 
(Kline 1964, McCloskey 1968), Ohio (Nixon et al. 1974), and Illinois (Har-
nishfeger 1978).  Ratios of juvenile to adults at both study sites were similar.  
We believe this result was due to emigration of juvenile males into the non-mast 
forest.  Studies have indicated that dispersal primarily involves juvenile males 
(Allen 1943, Baumgartner 1943, Nixon et al. 1974, Delong 1986).  The ratio 
of juvenile males to juvenile females in the non-mast forest was higher than 
documented in other studies (Fouch 1962, Kline 1964, Nixon 1965, McClos-
key 1968, Nixon et al. 1975).  Because of this result and the lower nutritional 
requirement for males compared to females, we believe that non-mast forests act 
as a sink for dispersing juvenile male squirrels.   
 Vulnerability to harvest may have led to bias in this study.  Nixon et al. 
(1974) indicated juvenile males were more vulnerable to harvest than juvenile 
females.  A study by Reynolds and Silvy (1983) was inconclusive on vulnerability 
rates.  Another possible bias was hunting pressure.  The mast forest was privately 
owned and we were the only individuals harvesting squirrels on the property.  
The non-mast forest was a public hunting area.  We did not encounter other 
hunters while at the site but were only there for 57 hours during the study.  We 
also did not determine the amount of the mast crop during the study.  

MANAGEMENT IMPLICATIONS

 Mast crops are a valuable nutritional resource to many species.  This study 
demonstrated the importance of mast crops to fox squirrel populations.  Mast 
crops should be an important factor when managing forest habitats for wildlife.  
Various mast species should be managed to ensure mast availability to maintain 
fox squirrel populations.  This study indicated a need for mast crops in agricul-
tural areas.  
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