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Effect of a large burn in the boreal forest on
reproduction of American Kestrels
and other birds

Russell D. Dawson and Gary R. Bortolotti

Abstract

Little is known about the proximate effects of forest fires on the reproductive ecology of birds in the boreal forest. Such
information is important, especially piven the interest in having anthropogenic sources of disturbance in the forest,
such as logging, mimic natural processes, I 1995, a 73,220 ha forest five on our study area gave us the oppottunity to
assess the effects of fire on reproduction of American Kestrels {Falco sparverius). We compared reproductive variables
on control and burn area: both before and after the fite in a “before-afier-control-impact™ design. Nest box occupancy,
laying date, clutch size, egg size, number of offspring fledged, and condition of young at fledgsng were not affected by
the fire. These results are not unexpected, given that the main prey of kestrels, small mammals, were also not affected
by the fire. We conclude that large scale changes in the landscape have litle impact on kestrels, provided their prey
base remains intact. In addition, we comment on conspicuous changes in the abundance of several other bird species
after the fire.

Résumé

Peu de choses sont connues sur effet immédiat des feux de forét sur I'éoologie de reproduction des oiseaux; de la forit
boréale. Des informations de ¢& typt sont importantes surtout avec Iintérét grandissant &'aveir des sources de
perturbation anthropogénigques telles la coupe forestidre qui ressembleraient de plus prés aux processus naturels. En
1995, yn feu de 73,220 ha sur nevtre aire d*&ude nous a donnd 1"opportunité d*évaluer les effets du few sur la reproduction
de la Crécerelle d’ Amérique {Falco sparvenios). Wous avens comparg les paraméires de reproduction sur des parcelles
comtrilées et des parcelles brilées, avant ¢t aprés few, selon un protocale d'étude wavant-aprés-témoin- expérimentals.
Le degré d'occupation des nichoirs, 1a date de ponte, la taille de ponte, le nombre d'ceufs, le nombre de jeunes 4 Ienvol
et leur condition & I'mvel n'ont pas &é affectés par le feu. Ces résultats ne sont pas surprenants, puisque les proies
principales des crécerelles, les petits manitiferes, n'ont pas éé affectés par le feu. Mous concluons que les changements
a grande £chelle dens le paysape ont peu d'impacts sur les crécerslles, 4 condition que leur projes ne soient pas affectées,
D« plus, nous discotons plusieurs des changemenits importants dans |"abondance de plusieurs autres especes d'oiseaux
g ont eu liew suite au feu,

Russell . Dawson and Gary R. Borfolotti, Depariment of Biclogy, University of Saskatchewan, 112 Science
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Introduction

Despite the fact that fire is the primary ecclogical
factor responsible for renewal in the boreal forest, its
effects on wildlife populations have received little
study (sec Erskine 1977, Kelsall et al. 1977; Fox 1983;
Whelan 1995). Although ultimately the fate of boreal
forest bird communities iz linked to fire history, linle
is known of the proximate response of birds to the
changes in habitat brought about from a forest fire.
Some studies have focused on changes in avian
community structure {e.g., Fox 1983; Spires and
Bendell 1983; Shutler 1987), but fewer have been able
to address in detail how reproductive parameters might
be affected. It is difficult to generalize about the
effects of fire on birds because of vapation in habitats
studied, specific characteristics of the bums, as well as
differences in methodelogies and validity of controls
fsee Huff et al. 1985; Shutler 1987).

The need for information on the ecology of forest
fires goes beyond academic concern, as there is
increasing interest in having anthropogenic sources of
disturbance in the forest, such as lopging, mimuc
natural processes and natural landscape-level paticrns
of age structure and species composition {e.g.,
Bondrup-Niclsen 19935). This is a viable objective only
if logging does in fact mimic the offects of forest fires,
as 15 50 often assuned to be the case (e.z., Kelsall et al.
1977}, Some studies of birds have even combined
logged and bumed areas in their analyses (Bendell
1974; Fox 1983). Several research programmes are
corrently addressing the question of how forest
frapmentation by logging affects birds, yet there are
few data to compare these studies 10 natural foroes of
forest fragmentation. Cur leng-term (9 years) study of
Amenican Kestrels (Falco sparverius) has provided us
with an exceptional opponunity to guantitatively
investigate how birds and small mammals respend to
fires. In addition, given a long-term database (29
years) on the avifauna of our study area {Gerrard et al.
1996, and G.R. Bortolot, pers. obs.), we are able to
comment, at least anecdotally, on the responses of
some other species,

Many studies of the effects of fire on bird
populations have lacked adequate conwrols {Bendell
1974; Shutler 1987y, Ovor approach 15 to employ
multiple comparisons in both space and time. As is
commonly done, we compare bumned versus unburned
“control” areas in the year following the fire, However,
unlike most studies we are also able to compare these
areas in the years prior to the fire to ensure that the
contral is representative, [n addition, we are able to
compare post-burn results to data collected over a
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pericd of years prior to the fire on the bumed site. Our
statistical design therefore corresponds to a “before-
after-control-impact”™ design (Stewart-Oaten 2t al.
1985; Wieps and Parker 1995}, and provides a
powerful perspective on potential effects of fire.

Materials and Methods

Study area

Birds have been studied in the vicinity of Besnard
Lake, north-central Saskatchewan (55N, 106W) since
1968, and an inensive research programme on kestrels
began in 1988, This area is at the transition of the
Morthern Coniferous and Mixedwood sections of the
Boreal Forest Region (Rowe 1972) and cormesponds
with the southern edge of the Precambrian Shield.
Much of the mature jack pine (Pirnus banksiong) forest
was clearcut from the mid-1970s to the mid-1%80s,
although some cutting of wembling aspen {Populus
tremuloidesy and white spruce (Picea glauca)
continies today {Gerrard et al, 1996). Bortolot (1994)
and Gerrard et al. { 1996) provide detailed descriptions
of the physical and ecological attributes of the area. Our
work has been focused on over 200 km of roads and
logging trails accessible by track (Figure 1),

Om 28 May 1935 lighining caused a fire in the
wogternmost portion of our study arca. Despite
considerable efforis by provincial forest fire-fiphters,
the *Tippo" fire bumed continuously until it was
extinguished by heavy rains on 10 July 1995, The total
area of the bum was estmated to bhe 73,220 hz
{Saskatchewan Forest Fire Manapement Branch, pers,
cormun.) (Figare 13 As 15 typical of fires in the boreal
forest, some small patches remained partially
unburned, but a considerable area was exposed 1o a hot
fire and all trees were killed (but remained standing).

Bird studies

Kestrels have been studied in the area since 193R
Although cavities abound in the area, most kestrels
choose to nest in boxes (Bortolotn 1994). All boxes in
this study were of uniform size (23.1 x 20.3 cm at the
base, a 7.5 cm diameter entrance hole) and constructed
of 15 mm exterior-grade plywood (for details see
Borwoloiti 19943 . They were nailed to trees about 4 m
above grovnd in a variety of habitats from continuous
forests to clearcuts {see Bortolotti 1994, Gerrard et al,
1934).

As there were only 20 boxes in 1988 in the area
that eventually burned, we [imit most of gur anafyses
1o 1989-1996, In the yvear of the firg, 1993, thers were
64 kestrel nest boxes in the area that burned and )7
boxes outside of it. The fire destroyed 19 of the 64
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Figure 1, Map of entire study area. Data were collected on areas accessible from Highways 165 and 910, and adjoining
logging roads (dashed lines). Dark shading indicates area consumed by “Tippo” fire in 1995, nset map shows general

location of study area,

boxes and so, in 1956, we erected replacements in the
same locale, uzoally the same tree. We chose o include
all boxes puiside of the burn as 2 “control”™, rather than
post hoc assess what might be the area most similar for
comparison, [n the years prior to the fire the number of

boxes in each area varied somewhat. From 1991 to
1996, the burned area had &0-64 boxes, while the
control had 285-307. In 1989, there were 34 and 233,
and in 1990 there were 38 and 270 in burn and cantro!
arcas, respectively.
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Almost all nest boxes have complete data for
occupancy, laying date {+ 1 day} and clutch size given
our rigorous schedule of checking nest boxes (e.g., sce
Bortolotti 1994, Dawson and Bortoloti 1997%a2). The
few cases where data were imprecise have been
deleted. Our data on egg size, nestling condition (see
below) and brood size are from a subset of natural,
unmmaniplated nests becavse of limited availability or
because there were expenments ipvelving brood size.

Kestrels artive on the study arga in late-April and
begin laying in mid-May. As the fire swept though the
area during the incubation period, we were able to use
the 1995 data on laying date and clutch size as the pre-
fire peniod, and 1996 25 the post-fire period For
analysis of epg size, brood size at fledging and nestling
condition, we use 1994 as the pre-fire penod.

For the analysis of egp size and nestling condition,
it was mappropriate to treat individual measures as
independent, Therefore, for egp size we used mean egg
volume per clutch (see Wiebe and Bortolotti 1995).
For an index, of nestling condition, we used mass and
tenth primary feather length of chicks measured when
the first-hatched nestling of the brood was 24 days old
{see Dawson and Bortolonti 19974). We calculated
means fot mass and primary length of males and
females separately for each nest. Subsequently, the
sexes were analyzed separately rather than using sex as
a factot, 1o avoid any one nest appeanng repeatedly in
any analysis,

We have alse kept records on the distribution of
other species of birds in the area for most of the
summer months for 4 (RDD) and 16 (GRE) years. In
addition 10 studies of kestrels, omnithologists have been
working near-continuously in the area since 1968 and
have provided an unusually thorough annotated list of
the birds of the region (see Gerrard et al. 1994),
howevet, we believe that we could detect only dramatic
changes with reasonable cerlainty,

Small mamrmal populations

As part of our work on kestrels, small mammals were
snap-trapped each year since the project’s inception to
quantify prey abundance. Each trap line coincided
with 2 kestrel tertitory. Our larpest sample of lines for
the pre-fire years was 1994, when 10 lines were
trapped in the burn and 7% hines outside of the burn. In
the post-fire year, 1996, we trapped at 20 lines in the
bum and 34 outside of it. Each line was situated
parzllcl to, and 10 m from, 2 road. Ar each line there
were 10 stations spaced 30 m aparl. At each statigh
there were 2 snap traps baited with peanot butter. The
traps were open for 3 consecutive days and any that
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were triggerad were Teset each mothing. At stations
wherc both traps had been sprung, it was assumed that
the traps were available for only half the time and so a
corrected murnber of available traps was used. We
present data on the mean number of all species of
small mammals per 100 traps sampled in early July
each year. We repeated the statistical analyses using
coly wvoles {almost all were red-backed voles
Clethrionomys gapperi), but the resolts werg the same
so we present data only on total small mammals.
Although this index would stem t0 be a coarse
measure of food availability, it correlates well with
kegtrel reproduction {¢.p., Bortolotti et al. 1991; Wiebe
and Bortolotti 1992, 1994, 1995). Many predatory
birds are dependent on small mammals and so these
data are likely also relevant to predicting the response
of other similar species of birds to fires,

Results

American Kastrels

Prior to the fire in 1995, 31 of 64 (48.4%) boxes were
occupied on the bum and 117 of 307 (38.4%) were
used on the control area, Ocoupancy afier the fire in
1996 was 27 of 60 (45.0%) in the bum versus 115 of
297 (39.4%} in the control arca. We used logistic
regression with box occupancy as a binary dependent
vaniable, and year and area as categorical explanatory
variables, Oceupancy of nest boxes was not different
between years {y* = 0.08, df = 1, p= 0.78), but the burn
area had marginally higher occupancy than  the
control area (x* = 2.93, df = |, p = 0.087; Figure 2).
There was no interaction betwesn year and area (¥* =
017, df = 1, p = 0.68), suggesting the fire had little
impact on nest box ocoupancy.

Figure 2. Nest box occupancy by American Kestrels
in north-central Saskatchewan in burm and control
areas. Arrow denotes onset of Lhe fire,
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Table 1. Reproductive parameters of American Kestrels breeding before (1994, 1995) and after (1996) the “Tippo”
forest fire of 1995, Mean egg size was calculated using means of eggs in each nest.

ARFEA
Burn Control
Variable Yenr Mean 5D N Mean s.D N
Clutch size 1995 4.8 0.7} 114 4.9 0.4 102
1996 4.5 0,53 25 4.6 0.59 LH]
Laying date 1995 141.4 7.6% 24 i41.2 51 106
1996 145.8 7.93 23 146.0 835 107
Egg volume {cm"} 1944 14.1 {0.80 1] 138 1.46 73
1995 13.7 0.84 19 13.8 1.17 16
Brood size 1994 3.5 1.6] 13 32 1.23 13
1994 39 1.24 25 37 0.95 49

There was remarkable similarity between burn
and control areas in all reproductive parameters that
we measured bath before and after the fire (Table 1),
Fot laying date, a 2-way analysis of variance (ANOVA)
of year (1995 versus 1996 corresponding to pre- and
post- burn, respectively) and area (burn and control)
showed a highly significant year sffect ':F[l,.?ﬁ] -
14.88, p = 0.001). If the burn cavsed any effect on
laying date, we predicted that there would be a
significant interaction between year and area, but there
was none { Fy; 255) = 0.02, p = 0.88}. There was also no
significant effect of area, suggestiog that the contral
was representative (Fy zes) = 0.001, p = 0.98).

Cluteh size showed a pattern of variation sirmilar
to laying date. Mean clutch sizes were nearly identical
for burmn and conteol areas (Table 1), Most kestrels laid
either 4 or 5 eggs, but we could not detect any
difference in clutch size between the burn and control
areas (Fyi 243 = 0.02, p = 0.88). The pre- versus post-
fire comparison suggests a change m cluich size
cccurred between years (Fp 343, = 7.86, p = 0.003), but
this is clearly annual variation independent of arca
because the interaction between year and area was not
signiﬁl:am [F[LHJ] = ﬂ45, 7= ﬂSﬂ, Table ]]

To exarine the response of egg size to the bum
we Ffirst investigated other potential sources of
varation such as laying date and clutch size. We
limited cur analyses to the most commeon clutch sizes
of 4 and 5 eggs. Only clutch size proved to be
significant (see also Wicbke and Bortolotti 1993), We
then performed a 3-way ANOVA including clutch size
{4 and 53, year {1994 versus 1596, corresponding to
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pre- and post-burn, respectively), and area {burh and
control). Clutch size did not contribute 1o the model
and so was dropped. The subszquent 2-way ANOVA of
the potential effects of year and area showed no
significant effects {area: Fpy 2y = 0.11, p = 0.74, year
F[]_l'_',l.‘] = D’j?, P= ﬂ.4-51. area X year: F[].l'?'l] = {IHE, P=
0.32).

Brood size at fledging was similar between the
burn and contrel areas {Table 1; Fp ;) = 0.87, p =
{1.35), but there was a trend for breod size to be larger
in 1996 than in 1994 (F|, .4 = 2.99, p = 0.09). The
year by area interaction was not significant (Fy; ;¢ =
0.001, p = 0,993,

There are several vanables that may influence
nestling condition. We therefore used an ANQVA
medel that incorporated not only area and year, but
also hatching date and brood size a5 potential factors.
The most important result would be an interaction
between year {pre- versus post-burn} and area, but for
neither males nor females was there any result
approaching significance (all p > 0.12) for mass or
tenth primary length. Similarly, area was always
nonsignificant (p > (.60 (see Table 2},

Small Mammals

Similar to our results for kesirel reproduction, the
nomber of small mammals did not appear to be
affected by the burn (Figure 3). A 2-way ANOVA with
year (1994 and 1996) and area as factors showed
significant differences between years in the number of
small mammals (Fj| jze;=25.70, p = 0.0001); however,
no area effects could be detected (F[ 139 = 0.21, p =
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Table 2. Mean weight (g) and tenth primary Jength {(mm} + SD of male and female American Festrels at 24-days old
{minirmurn fledging age) from north-central Saskatchewan. 1994 represents the pre-burmn year while 1996 is the posi-

burn year. Sample sizes refer te number of nests.

AREA
Barn Caontrol
194 1996 1994 1996
Yatiakle Mean S.D. M Mem 8D N Mean SD. N Mean =D N
Mala 109 19 7 115 g3 17 114 o 1 113 5.6 q
weight
Female 119 53 7 121 11 17 123 88 10 123 8.4 G
weight
Male 10" 524 87 7 60.9 49 17 59 gs 11 50 6.3 9
primary
Female L0 56.3 4.1 7 62.3 56 17 504 g8 10 52.5 5.3 G
primary

Figure 3. Number of small manunals per 100 trap
nights on kestre! territories before (1994) and after
{19956} the 1995 forest fire. Error bars represent + |
standard deviation,

50
—a&— Bum
3
E 40 --=----- Contrel
£ 30-
’é |
o 1]
5 20- ¢ ]
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E 104 i ¢
Z :
0 T ]
1994 1996
Year

00.65), nor was there an interaction between area and
year (Fji 139 = 0.40, p = 0.53}.

Other birds

We did not systematically survey birds in the burn, but
three species showed an apparent positive response to
the tum. MNorthern Hawk-owls (Surnia ulefa) were
seen only 7 times in 27 years in the entire study area
{Gerrard et al. 1996) prior to the fire. In both 1996 and
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L1997, it was possible 1o observe hawk-owls in the bumn
almost daily. In 1996, one bird was captured there with
a bal-chatri trap (Berger and Mucller 1959); this bird
posssssed a brood patch, so it is reasonable o assume
it was breeding. In 1997, two hawk-owls were captured
in the same area.

Two species of passerines bred for the first time in
our eest boxes in the year afier the burn. [n 1996, Tree
Swallows (Tachycineta Bicolor} taid cggs in 3 (5%) of
the 60 kestrel boxes available in the b that year. Two
othet partial nests were built that we atnibuved to Tree
Swallows, Similarly, House Wrens (Troglodytes
aedan) alsa laid in 3 (5%) boxes as well. None of the
297 control boxes im 1996, or any of the 2,541 previous
years' boxes (summed 1988-1995) had ever been used
bry these two species.

Discussion

The continued presence of kestrels after the fire was
not unexpected, as they are an adaptable species and
occur over 4 wide range of habitat types in our study
area (from lakeshores with continuous mature forest,
to muskeg, to clearcuts and road allowances) and
across their North American range (forests, farmland,
deserts). That there was no change in box occupancy
rate or any othet teproductive parameter was, however,
surptising, Results for the burn and contro! areas were
remarkably similar (Tablze 1). The Ffew minor
differences pre- and post-burn were clearly anrual
effects independent of arca. 30, despite a major change
in the habitat, kestrels did not respond.
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This lack of response may be less surprising when
one considers the data on prey populations. Several
reproductive parameters of American Kestrels in our
area, including egp size {Wiebe and Bortolomi 1995)
and nestling condition (e.g., Bortolott et al. 1991;
Wiebe and Borolotti 1992), but nat box occupancy
rate (G R, Bortolotti, unpubl. data), correlate with food
supply. There did not appear to be any respense of
small mammals te the bum (Figure 3). Although the
literature reports variable responses for small
mammals, many studies show oo effect of fire
consistent with our results {see Bendell 1974; Keizall
et al. 1977, Whelan 1995). Even if population size of
small mammals did not change, ene would expect
availability of prey to hunting kestrels to be greatly
enhanced given the lack of post-fire cover. i such
occurred, it did not translate inte enhanced
reproduction for the kestrels. We do net know what
happened to populations of other common prey of
kestrels such as frogs and dragonflies. However,
whatever changes may have occcurred in prey
abundance or availability, kestrels appeared to have
adapted well as they fledged the same number and
quality of offspring on and off the burn (Tables | and
2). Linle information on other raptors is available for
comparizen, but Yensen et al. (1992) reported that fires
appear to have a negative effect on raptors of the Snake
River Birds of Prey Area, [daho, by creating an
unstable prey base.

We do net have data on how large-scale logging
taight be comparable to the burn, but we suspect that
results would differ. Although kestrels are abundant in
the clearcuts we were working in, logging cccurred 10
tor 20 years age in most of the area. The fow kestrel
termitories where small-scale (<200 ha) logging has
oceurred have been sbandoned immediately afterward,
and generally we do not see kesrels in such areas for
a few years after cutting. Again this may be expected if
smali mammal numbers are lower on recent clearcuts.
As with fires, the effect of clearcutting is likely
vaniable and site-dependent. Jomes (1978) studied
small mammal populations in the boreal mixedwood
forest of Saskatchewan approximately 125 km south of
our arza. He found that populations of red-backad
voles (by far the kestrels' main prey; G.R. Bortolott,
pers. obs.) were lower in the year following harvest on
the clearcut compared to uneut adjacent forest. The
sarme was tree in clearcut jack pine stands in Manitoba
(5imms 2nd Buckner 1973} On the bumn site, there
was an immediate and lush regeneration of herbaceous
growth. In contrast, it seems to take moch longer for
most cutovers we have seen to regenerate, and there is
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glways a proportion of the land that has little
vegelation on it for years to come (g.g., landings, slash
piles, compacted soil}.

Other attributes of clearcuts are Likely to make
them even more inhospitable to kestreis than the
depression in prey numbers. Current logging practices
typically involve the complete removal of all trees.
Frevieusly in our area, only softwoods were removed
and so clemps of aspen were left behind, thus
providing hunting perches and potential nest sites, The
standing timber lcft by fire has the same benefits.

It seems reasonable that the posilive responses by
Northern Hawk-owls, Tree Swailows and House
Wrens were the result of fie and not merely the
opening of the habitat as would be created by logging.
While Tree Swallows have been reasonably comman
breeding birds in our study area, they never used our
kestrel boxes except in the burn. In 1994, we trected
21 small nest boxes in clearcuts specifically for
swallows. Only one of these appears to have been used
that year (Getrard et al. 1996), and & of thess
monitored in both 1995 and 1996 remained unused.
Because we observed swallows in the area of these
boxes we assume cavities were likely not limiting
reproduction. [t is unlikely that fewer absolute number
of cavities existed in the burn afier the fire, as most
trees remained standing after being killed. However,
the swallow population may have increased, resulting
in a relative shortage of nest sites. The burn therefore
may have been an amractive habitat for swallows.
Smith (1996} includes “burnt lands” as the nesting
habitat for tree swallows in Saskatchewan.

Both Northermn Hawk-owls and House Wrens
seemed 10 be absent gs breeders in the arza antil after
the fire. There were no records of House Wrens in the
entire study area between 1968 and 1995 (Gerrard et
al. 1996, and G.R. Boniolowti, pers. obs.); however,
they have been seen in Beauval, approximately 650 km
by air from out bum (Gerrard et al. 19%6). There are
three breeding records of Worthern Hawk-owls in
Saskatchewan, but they are believed to prefer bumns
and open bogs for nesting and foraging (Smith 1996).
The breeding records of House Wrens reporied here
are more northern than any summarized in Smith
{1996). Apparently, wrens in the boreal forest favour
regenerating burns or other dry brushy sites {Smith
1996), While this species certainly responded to the
butn in our area, they appear to be absent from brushy
AIEds.

Although intuitively one expects bird populations
to respond to major habitat alterations, such was not
the case for American Kestrels. In contrast, it appears
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that other species, like Northern Hawk-owls, House
Wrens, and perhaps Tree Swallows, did respond
positively to the fire. Clearly, generalizations must be
made with caution and & clear statement of which
species are evalyated. Ovr suggestion that logging and
forest fires do not have comparable impacts on birds
warrants further study, especially piven the current
interest in  having anthropegenic sources of
disturbanee in the forest nirmie natural processes.
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