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IMPACTS OF A SEVERE DROUGHT ON GRASSLAND
BIRDS IN WESTERN NORTH DAKOTA!

T. LUKE GEORGE, ADA C. FOWLER, RICHARD L. KNIGHT, AND LOowELL C. MCEWEN

Department of Fishery and Wildlife Biology, Colorado State University, Fort Collins, Colorado 80523 USA

Abstract. We studied the effect of a severe drought on the population dynamics and
community structure of grassland birds in western North Dakota. During the spring and
summer of 1988 the northern Great Plains suffered one of the warmest, driest periods in
its recorded history. We compared the changes in bird populations and nesting productivity
overa 3-yr period before, during, and after the drought. Total grassland bird density declined
61% (P < .05) between June 1987 and June 1988. Densities of six of eight common species
declined significantly during the drought. Populations of all but two species recovered in
1989 and total bird density in June 1989 did not differ significantly from June 1987. Species
richness and species diversity both declined significantly during the drought and recovered
to predrought levels in 1989. Species richness declined more on fair condition than on
good condition range during the drought.

Vesper Sparrow (Pooeceles gramineus) hatching success, number of young fledged per
successful nest, and nesting success were significantly lower in 1988 than either 1987 or
1989. Clutch size did not differ among the three years. The decline in nesting success in
1988 was primarily due to nest abandonment during incubation. Nesting of Vesper Spar-
rows, Horned Larks (Eremophila alpestris), and Western Meadowlarks (Sturnella neglecta)
ended abruptly in mid-June 1988 during a period of extremely hot weather, In 1987 and
1989, nesting continued into July.

Despite substantial reductions in bird density and productivity during the drought,
many species recovered to predrought levels 1 yr following the drought. This suggests that
year-to-year fluctuations in densities of some of these species may not be tightly linked to
short-term changes in local productivity. However, sequential years of low productivity
may have more substantial effects on these short-lived species. Thus, if drought conditions
in North American grasslands become more frequent, as some climate models predict,

there could be related changes in the avifauna of the region.

Key words: density changes; drought; grassland bird community; nesting phenology; nesting pro-
ductivity; North Dakota; Pooecetes; range condition.

INTRODUCTION

Grassland bird communities are characterized by
large temporal and spatial variation in breeding den-
sities (Giezentanner 1970, Wiens 1973, 1974, 1977,
Kantrud 1981, Dale 1984). Wiens (1974, 1977, 1986)
has suggested that these fluctuations are driven in part
by the extreme variability in climatic conditions during
the breeding season, leading to “‘ecological crunches™
that greatly reduce density or productivity and may
have profound effects on bird community structure.
Despite this emphasis on the effects of climatic vari-
ability on the structure of grassland bird communities,
there has been little documentation of the community
response to severe climatological events during the
breeding season,

Variation in temperature and precipitation may af-
fect bird populations either indirectly, through habitat
changes, or directly, through heat stress or water re-
striction (Immelmann 1971, Wiens 1974, Smith 1982,

! Manuscript received 17 September 1990; revised 3 Sep-
tember 1991; accepted 4 September 1991.

Morrison 1986). Vegetation coverage and physiogno-
my may change drastically in response to drought con-
ditions in grassland habitats (Weaver and Albertson
1956). Many studies have shown that densities of grass-
land bird species are influenced by the structure and
coverage of vegetation (Cody 1968, Wiens 1969, Ro-
tenberry and Wiens 19804, Bock and Webb 1984), In
addition, arthropod abundance may decline in re-
sponse to severe drought in arid (Seely and Louw 1980)
and mesic environments (Smith 1982). A decline in
arthropod abundance may reduce the nesting produc-
tivity of omnivorous bird species that require animal
food for nestlings.

The drought of 1988 in the northern Great Plains
was one of the most severe on record. The months of
May-July 1988 were both the hottest and driest on
record for the 1931-1988 period for most of Montana,
North Dakota, and Minnesota (USDA/NOAA 1988).
This was a consequence of below normal spring pre-
cipitation and record high temperatures in June and
July throughout the northern Great Plains. Further-
more, much of this region had been suffering from
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FiG. 1.
hopper treatment areas (3 Nosema locustae; [ malathion) in
McKenzie County, North Dakota.

Location of bird census transects (&) and grass-

below normal precipitation since the early 1980s. Sev-
eral climate models predict that the northern Great
Plains will become hotter and drier in the next several
decades (Schneider 1989). Understanding the effects of
drought on the dynamics of bird populations (Peters
1988) can be helpful when considering the impacts of
climate change on bird communities in this region. In
this paper we report the effects of a severe drought on
grassland bird density, productivity, and community
patterns in western North Dakota.

STUDY AREA AND METHODS

Our study was conducted in and adjacent to the Little
Missouri National Grasslands in western North Da-
kota. The vegetation of the area is mixed-grass prairie
dominated by Bouteloua gracilis with a diverse layer
of taller grasses (including Stipa comata, Agropyron
smithii, and Koeleria cristata) and sedges (Carex spp.)
(Weaver and Albertson 1956). Draws (shallow ravines)
usually are dominated by shrubs (Symphoricarpos oc-
cidentalis, Artemisia cana, and Shepherdia argentea)
or trees (Populus deltoides, Fraxinus pennsylvanica, Ju-
niperus scopulorum, and Ulmus americana). The Little
Missouri National Grasslands is one of two demon-
stration areas for the Grasshopper Integrated Pest
Management Project of the United States Department
of Agriculture’s (USDA) Animal Plant Health Inspec-
tion Service (APHIS). This is a long-term project to
develop integrated grasshopper control methods that
have minimal impacts on nontarget plant and animal
populations,

Temperature and precipitation data were obtained
from the Watford City weather station, near the center
of the study area (Fig. 1). Precipitation and temperature
data were available for a 37-yr period (1953-1989).

Bird censuses and range condition. — Birds were cen-
sused using a line-transect method (Emlen 1977), Tran-
sects were established in June 1987 in areas that were
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treated with Nosema locustae spores in bran bait (a
biological control agent for grasshoppers) or with the
pesticide malathion (0.65 kg/ha). In addition, control
transects were established in similar habitat adjacent
to the treatment areas. The transects in the malathion
treatment areas were not included in the following
analyses because the treatments may have affected bird
populations in these areas (T. L. George et al., unpub-
lished data). There was no significant reduction in
grasshopper densities in the Nosema treatment area
(N. Foster, personal communication) and the bait con-
tained no toxic chemicals. When the Nosema transects
were excluded from the analyses the patterns were
identical, but some of the differences were nonsignif-
icant because of low statistical power. Therefore, tran-
sects in the Nosema treatment area were included in
the analyses. All transects were placed in relatively
uniform grassland or grass—shrub vegetation; wooded
draws were avoided because the bird species compo-
sition in these draws differed greatly from the grass-
lands. Transects were at least 400 m apart.

Four 1500-m transects were established in the No-
sema treatment area, and four control transects of equal
length were established 2-10 km south of the treatment
area (Fig. 1). Four 1000-m transects were established
5-10 km from the malathion treatment areas (Fig. 1).
Thus, 12 transects were used in these analyses. Each
transect was marked at 100-m intervals and flags were
placed perpendicular to the transect route 10 and 25
m from some transect markers to aid in estimation of
bird distances from the transect line. Birds were cen-
sused from =15 min prior to sunrise (=0545) until
0830-0900. Each transect was censused independently
by two observers on the same morning. The distance
of each bird that was seen or heard and the manner in
which the bird was detected (singing, visual, calling,
both visual and auditory, or flying over) were recorded
as the observer slowly walked the transect (=2 km/h).
Distances were grouped into categories: 0-10 m, 11—
25 m, 26-50 m, 51-100 m, 101-150 m, and 151-200
m. Transects were censused in late May and late June
in each season except 1987, when they were censused
only in June. The May censuses (23-28 May 1988, and
26-31 May 1989) coincided with beginning of the nest-
ing season for most species (Fig. 2). The June censuses
(19-28 June 1987, 25-26 June 1988, 25-29 June 1989)
coincided with the peak of the renesting period. Only
the control transects (those outside of the Nosema
treatment area in 1987) were censused in June 1988.

Observations of the 15 following grassland bird spe-
cies (species that nest or forage primarily in grassland
vegetation) commonly observed along the transects were
combined to estimate grassland bird density: Sharp-
tailed Grouse (Tympanuchus phasianellus), Upland
Sandpiper (Bartramia longicauda), Mourning Dove
(Zenaida macroura), Eastern Kingbird (Tyrannus ty-
rannus), Horned Lark (Eremophila alpestris), Sprague’s
Pipit (Anthus spragueii), Clay-colored Sparrow (Spi-
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zella pallida), Field Sparrow (S. pusilla), Vesper Spar-
row (Pooecetes gramineus), Lark Sparrow (Chondestes
grammacus), Baird’s Sparrow (4Ammodramus bairdii),
Grasshopper Sparrow (A. savannarum), Western
Meadowlark (Sturnella neglecta), Brewer’s Blackbird
(Euphagus cyanocephalus), and Brown-headed Cow-
bird (Molothrus ater). Lark Buntings (Calamospiza
melanocorys) were observed very rarely along the tran-
sects (nine times in 3 yr) and were not included in the
analyses.

We computed a relative density index by selecting
a detection distance for each species following Reyn-
olds et al. (1980) and dividing the area sampled by the
number of detections. Species richness was the number
of species detected along the transect. Species diversity
was calculated as the inverse of Simpson’s index, N,
= I/Z (p;))*, where p, is the proportional density of
species I. As suggested by Hill (1973), species evenness
was calculated using the formula E = N,/N,, where N,
= exp(—Z pln p).

The condition of the vegetation along the bird census
transects was obtained from the United States Forest
Service. Range condition was rated by Forest Service
personnel as good, fair, or poor, based on soil type and
ocular estimates of the cover of dominant grasses. All
of the pastures where the bird transects were located
were rated as good (N = 9), fair-to-good (N = 2), or
fair (N = 1). We pooled pastures rated as fair-to-good
and fair for analysis.

Nesting success. —Nests were located by dragging a
heavy rope between two observers and searching where
birds flushed; nests were also found incidentally while
conducting field work. Each nest was checked at 1-4
d intervals until the young fledged or the nest failed.
We monitored nests of all species we encountered;
however, sample sizes for statistical comparison of
nesting parameters between years were sufficient only
for Vesper Sparrows. Nests in areas treated with mal-
athion in 1987 or with carbaryl in 1988 were excluded
from the analyses because these treatments may de-
press nesting success (T. L. George et al., unpublished
data).

Nesting success was estimated using the Mayfield
(1961, 1975) method. Estimates of daily survivorship
were calculated separately for the incubation and nest-
ling periods and nesting success was calculated as the
product of the survivorship estimates for the two pe-
riods (following Hensler 1985). The variance of the
estimate was calculated following Hensler (1985).

In addition to nesting success, we tabulated clutch
size, percent of eggs hatched, number of young fledged
per successful nest, and number fledged per nesting
attempt. Clutch size was the maximum number of eggs
in a nest if the clutch was complete. A clutch was
considered complete when the number of eggs was con-
stant for two consecutive visits to the nest. The percent
of eggs hatched was calculated as the proportion of
young that hatched from eggs that were present in the
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FiG. 2. Number of nests of Horned Larks, Western Mead-
owlarks, and Vesper Sparrows initiated during 7-d intervals
in 1987, 1988, and 1989 (histogram bars, left ordinate). Dates
are midpoints of intervals. Curves show nest search time (h).

nest during the visit prior to hatching. When a nest
was abandoned during incubation, percent hatched was
recorded as zero. The number of young fledged was the
number of young in the nest on day 7-9 post-hatching.
All comparisons were made using the number of young
fledged from successful nests (nests in which at least
one young fledged). The number of young fledged per
nesting attempt was calculated as the product of nesting
success and the number of young fledged per successful
nest.

Nesting phenology. —Nesting phenology was esti-
mated for the three most common nesting species:
Horned Larks, Vesper Sparrows, and Western Mead-
owlarks. The date of initiation of incubation was as-
sumed to be the day the last egg in a clutch was laid,
a common pattern in passerines (Gill 1990). This was
estimated based on laying sequence, hatch date, or the
age of the young (assuming an incubation period of 12
d for Horned Larks and Vesper Sparrows and 14 d for
Western Meadowlarks [Harrison 1984]). If the nest was
destroyed before the young hatched and the nest had
not been found during laying, the date of nest initiation
for Horned Larks and Vesper Sparrows was assumed
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to be 6 d prior to the midpoint of the period when the
nest was active; 7 d were assumed for Western Mead-
owlarks. The number of hours we searched for nests
using the rope-dragging technique was recorded in 1988
and 1989.

Analyses

Weather data.—We calculated X + 1 sp of daily
high temperatures of 1953-1987, 1989 during the prin-
cipal nesting period (May-July) and compared this to
the temperatures recorded in 1988. June 1988 was ab-
normally hot (USDA/NOAA 1988), so we compared
the average daily highs in June 1987-1989 with the
other years. April-July precipitation provides most of
the moisture used by native plants and is highly cor-
related with vegetative productivity in the northern
Great Plains (Rogler and Haas 1947). We compared
April-July precipitation in 1987-1989 with the long-
term mean (1953-1986).

Bird census data. —Total bird density, densities of
the eight most common bird species, and community
measures (species richness, diversity, and evenness)
were compared between years and months (May vs,
June) using a two-way ANOV A with census period and
transect number as the effects. In this model there is
no replication, and therefore the test of the effect of
census period assumes no interaction between census
period and transect number (Sokal and Rohlf 1981:
344). The data were tested for equality of variance
using Hartley’s test (Neter and Waserman 1974:512—
513). If the variances were equal and the effect of census
period was significant in the ANOVA, differences be-
tween census periods were compared using Ryan’s Q
multiple range test (following the recommendations of
Day and Quinn 1989). If the equality of variance as-
sumption was not met, the effect of census period was
tested using a paired multiple random permutation
procedure (MRPP; Mielke and Berry 1982). The MRPP
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test makes no assumptions about the underlying dis-
tribution of the data or equality of variances, and there-
fore is appropriate for these kinds of comparisons
(Biondini et al. 1988). Software (BLOSSOM) for the
MRPP procedure was obtained from Brian Cade (Unit-
ed States Fish and Wildlife Service, National Ecology
Research Center). The effects of range condition on
bird density and community measures were tested with
a repeated-measures ANOVA. Differences in means
on fair and good rangeland sites between the first census
period (June 1987) and subsequent periods were com-
pared with linear contrasts. All parametric statistical
tests were done with PC-SAS using a fixed effects model
(SAS 1988).

Nesting parameters. —Clutch size generally decreas-
es during the season in passerines (Klomp 1970), and
we noted a significant decline in clutch size of Vesper
Sparrows over the season (F, ., = 5.44, P = .026). To
control for seasonal decreases, clutch size was com-
pared between years using analysis of covariance (AN-
COVA) with day of year as the covariate. There was
no significant effect of day of year on percent hatched
or number fledged from successful nests, and these
variables were not normally distributed; therefore, dif-
ferences in these parameters were tested using a non-
parametric Kruskal-Wallis test (Sokal and Rohlf 1981:
429-432). Nesting success was compared usinga z test.
The variance estimate for number of young fledged per
nest attempt was calculated using the exact formula for
calculating the variance of a product (Goodman 1960),
and differences between means were compared using
a z test.

RESULTS

Weather. — Daily high temperatures were above nor-
mal for most of May and June 1988 and were well
above the 95% confidence intervals in late June (Fig.
3). Average high temperatures during June 1988 were
4.7 standard deviations above the 34-yr mean (Fig. 4).
Temperatures were above average in June 1987 and
1988 (2.0 and 0.2 sp above the mean, respectively).
However, the deviations in 1987 and 1989 did not
approach the extreme high temperatures recorded in
June 1988. April-July precipitation in 1988 was 1.6
standard deviations below the 34-yr mean (Fig. 4).
While precipitation during this period was below nor-
mal in 1987 and 1989, it was closer to the long-term
mean (1.0 and 0.3 sp below the mean, respectively).
April-July precipitation in Watford City had been at
or below normal since 1979. Thus the area was suf-
fering a long-term precipitation deficit before the 1988
drought started.

Bird density and diversity.—Total grassland bird
density declined 35% between June 1987 and May
1988 and decreased an additional 37% from May to
June 1988, resulting in a 61% decline between June
1987 and June 1988 (Fig. 5). Densities increased be-
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FiG. 4. Average daily high temperatures during June and
total April-July rainfall in Watford City, North Dakota for
years 1953=1989. Numbers on the x axis are the upper bounds
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tween June 1988 and June 1989, and by the latter date
were not significantly different from June 1987,

Densities of the eight most common grassland bird
species fluctuated greatly during the period (Fig. 6).
Horned Lark densities declined between June 1987 and
June 1988, but increased to 64% higher in June 1989
than June 1987. Horned Larks were the only species
that showed an overall increase during the study. West-
ern Meadowlark densities did not vary significantly
over the course of the study. Vesper Sparrows declined
monotonically between June 1987 and May 1989. They
increased slightly in June 1989, but were still 52% lower
than June 1987 (P < .05). Densities of Baird’s Sparrows
and Sprague’s Pipits declined sharply between June
1987 and May and June 1988, followed by partial re-
covery in 1989. Grasshopper Sparrows showed a de-
cline similar to the previous species between 1987 and
1988, but recovered completely in 1989. Clay-colored
Sparrows gradually declined between June 1987 and
June 1989, although there was a nonsignificant increase
in June 1988. The density of Clay-colored Sparrows
in June 1989 was 78% lower than in June 1987 (P <
.05); this was the greatest decrease of any species over
this period. Field Sparrows declined 66% between June
1987 and June 1988, but returned to predrought num-
bers by June 1989.

Both species richness and diversity declined signif-
icantly between June 1987 and June 1988 and recov-
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ered to predrought levels by June 1989 (Fig. 7). Even-
ness increased slightly in 1988 and then declined to
1987 levels in 1989. The decline in species richness
between 1987 and 1988 was largely a result of the
absence of Sprague’s Pipits, Baird’s Sparrows, and
Grasshopper Sparrows from many of the transects. The
parallel decline in species diversity during this period
was due to the decline in richness of the community;
evenness was slightly higher in 1988,

Range condition had a significant effect only on Ves-
per Sparrow density, which was significantly lower on
the fair than the good condition range (Table 1). How-
ever, the response of bird density and diversity to the
drought is more appropriately tested by analyzing the
interaction between period and condition and the con-
trasts between the first census period and subsequent
periods. The period x condition interaction was sig-
nificant for species diversity, but none of the linear
contrasts between the first period and subsequent pe-
riods were significant (P > .07 for all comparisons).
Although there was no significant interaction for spe-
cies richness, there was a significant decline in richness
(F,s=9.18, P = .023) on the fair relative to the good
condition sites between June 1987 and May 1988 (Fig.
8). The relative decline in Vesper Sparrow density was
greater on the good than fair condition sites in May
1988, and May and June 1989 (F,, = 7.51, P = .034;
Fis=30.26, P=.002; F,; = 26.23, P = .002, respec-
tively). Horned Lark density was significantly higher
on the fair relative to the good sites in May 1989 (F,,
= 8.83, P = .025).

Nesting success. —Clutch size did not differ signifi-
cantly among the three years when seasonal changes
in incubation date were included in the ANCOVA
model (Table 2). Percent hatched, number of young
fledged, and nesting success were all significantly lower
in 1988 than either 1987 or 1989, The decline in per-
cent hatched in 1988 was primarily due to nest aban-
donment. If abandoned nests are eliminated from the
analysis, hatching success in 1988 was only slightly
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FiG. 5. Total grassland bird density on census transects
1987-1989. Means (horizontal solid lines; rectangles are +2
sg) with different letters differ significantly (P < .05, Ryan’s
Q). Effect of census period was tested with ANOVA (F, ,, =
19.41, P = .0001).

This content downloaded from 129 82 249 195 on Fri. 16 Oct 2015 23:03:45 UTC
All use subject to JSTOR. Terms and Conditions




280

T. LUKE GEORGE ET AL,

Ecological Applications

Vol. 2, No. 3
HORNED LARK CLAY-COL. SPARROW
80 20r
60 HA 15}
40 HBC lac fasl" o} A
20 HC 5t HAB AB HB e
0 v 0
wr W MEADOWLARK 5,  BAIRD'S SPARROW
60 104
—~ 4o}
IR
= 20 i B . H
g o— " 0
g VESPER SPARROW SPRAGUE'S PIPIT
Z 80r 15
8 eot
ol g 10 HA
A
20t 88 fgc . #BC ° §8C fasfas
0 S 0 8
GRASSHOPPER SPARROW FIELD SPARROW
80 15
o0 HA AB 10
. o s
5
22 s gec feclc fiBc
J M J M J J M J M J
1987 1988 1989 1987 1988 1989

Fig. 6. Relative density of individual bird species along census transects 1987-1989. Means (horizontal lines; rectangles
are +2 sg) with different letters differ significantly (P < .05). Effect of census period was tested with ANOVA for Horned
Lark (F, . = 10.10, P < ,0001), Western Meadowlark (F, ,, = 6.15, P = .0006), Vesper Sparrow (F, 4, = 9.90, P < .0001),
Clay-colored Sparrow (F, 4, = 5.85, P = .0008), Sprague’s Pipit (F, ., = 5.35, P = .002), and Field Sparrow (F,,, = 4.27, P
= ,006). Ryan's Q test was used for multiple comparisons with the ANOVA tests. Differences in means for the other species
were compared using a paired multiple random permutation procedure (MRPP) (Mielke and Berry 1982). Alpha levels for
the MRPP were protected for multiple comparisons using a Bonferroni adjustment.

below the other two years and did not differ signifi-
cantly (82.0, 70.7, 83.5% for 1987, 1988, 1989, re-
spectively; P > .1 for all comparisons). The decline in
nesting success in 1988 was largely a result of low suc-
cess during incubation. The proportion of nests sur-
viving the incubation period was 0.47 in 1987, 0.22
in 1988, and 0.60 in 1989 (P = .008 between 1988 and
1989). There were no significant differences in daily
survivorship during the nestling period between any
of the years. The number of young fledged per nest
attempt was much greater in 1987 than 1988, but the
difference was not significant (z = 1.48, P = .14) due
to the large variance associated with the 1987 estimate.
Number of young fledged per nest attempt was signif-

icantly higher in 1989 than in 1988; there was no dif-
ference between 1987 and 1989.

There were insufficient numbers of nests of Horned
Larks and Western Meadowlarks to make statistical
tests of nesting success between years, but nesting pro-
ductivity appeared to be low in 1988 for both of these
species. Only 2 Horned Lark nests were found in 1988
while 10 and 11 were found in 1987 and 1989, re-
spectively. Similarly, we found 19 Western Meadow-
lark nests in 1987 and 1989 and 6 in 1988.

Nesting phenology.— Nest initiation of Horned Larks,
Western Meadowlarks, and Vesper Sparrows ended
abruptly during the last week of June in 1988, but
continued into early July in both 1987 and 1989 (Fig.
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Effect of census period for species richness (F,,, = 6.5, P =
.0004), species diversity (F, . = 4.62, P = .004), and species
evenness (F, , = 3.70, P = .012) was tested with ANOVA.

2). The absence of recorded nests in late June and July
1988 was not due to a lack of searching effort. We
continued rope dragging until the second week in July
in 1988, but failed to find any nests in the last week
of June or the first two weeks of July (Fig. 2). In 1987,
we did not begin dragging for nests until 12 June, which
accounts for the low number of early nests in that year.

DISCUSSION

The grassland bird community in western North Da-
kota was severely impacted by the drought of 1988.
The large decline in total bird density and the reduction
in nesting productivity of the common grassland spe-
cies suggest that the drought produced an *‘ecological
crunch™ on the community. The recovery of total bird
density in 1989 shows that many species can rapidly
rebound from such crunches. Some species, however,
did not recover, indicating that species differed in their
“tracking inertia” (Wiens 1986). Thus, these kinds of
environmental changes may leave an imprint on the
bird community after the event.

Changes in community parameters during and after
the drought were the result of different responses by
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TapLE 1. Effect of range condition on bird density and com-
munity measures.

Period x
Condition Condition

Variable F P F P
Horned Lark 0.02 .88 1.59 .37
Vesper Sparrow 42.68 L0006 7.74 .062
W. Meadowlark 5.69 054 6.75 073
Total density 0.89 .38 1.03 .51
Species richness 1.42 .28 2.38 .25
Species diversity 1.14 33 86.6 .002
Species evenness 0.51 .50 2.17 .28

the species. The decline in species richness and diver-
sity during the drought was largely due to decreases in
one common species, the Grasshopper Sparrow, and
several less common species (Sprague’s Pipit, Clay-
colored Sparrow, and Baird’s Sparrow). This was cou-
pled with relatively little change of two other common
species, Horned Larks and Western Meadowlarks. Thus,
the community shifted from a relatively diverse as-
semblage of both common and uncommon species to
one dominated by fewer, widespread, common species.
This kind of shift in community composition has been
observed in other grassland bird communities in re-
sponse to dry weather (Dale 1984, Cody 1985) and is
similar to the changes associated with heavy grazing
in semi-arid grasslands (Ryder 1980, Kantrud 1981,
Bock and Webb 1984).

The greater decline in species richness on fair relative
to good condition range during the drought suggests
that managing for good condition range may amelio-
rate the effects of drought on some grassland bird pop-
ulations. Unfortunately, there is little information on
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FiG. 8. Species richness on good (hatched bars) and fair
(open bars) condition range 1987-1989 (horizontal lines are
means; rectangles are +2 sg). Effect of condition (F, , = 1.42,
P=.28), period (F,, = 7.92, P=.06), and period * condition
(F,, = 2.38, P = .25) was tested with ANOVA. Species rich-
ness significantly declined on poor relative to good condition
range in May 1988 (F, ,, = 9.18, P = .023, linear contrast
between June 1987 and May 1988).
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TasLE 2. Reproductive parameters for Vesper Sparrows 1987-1989. Means followed by different superscript letters differ
significantly (P <.05).* Differences in clutch size were tested using ANCOVA with year and date of incubation as the main
effects. Nesting success and number of young fledged per nesting attempt were compared between years with z tests.

Number fledged/

Clutch size Percent hatched Number fledged Nesting successt attempt
Year XY+2se N ¥Y+2se N X+2se N X+2se N X+2se
1987 3.5 £0.26 21 757 + 18 13 3.0 £ 0.7 11 0.32 + 0.26* 21 0.96 £+ 1,10
1988 4.1 £ 0.22 16 33.0 £ 21® 15 1.4 = 0.8° 5 0.10 £ 0.100 25 0.14 + .24
1989 4.0 = 0.32 13 71.0 £ 16* 20 3.2 +£0.5 13 0.36 = 0.20° 29 1.15 + 900

* The effect of year on clutch size was not significant (F, ., = 0.92, P = .41). The effect of year was significant for both
percent hatched (x* = 9.21, df = 2, P = .01) and number of young fledged (x* = 7.73, df = 2, P = .02), Kruskal-Wallis tests.
t Nesting success (proportion of nests fledging one or more young) was estimated using the Mayfield method (Mayfield

1975).

the interaction between drought and range condition
on grassland bird communities. Dale (1984) found that
species richness declined more on heavily grazed than
on ungrazed pasture during a drought in mixed-grass
prairie in Saskatchewan. Wiens and Dyer (1975), on
the other hand, found no consistent relationship be-
tween yearly changes in bird numbers and grazing in-
tensity over a 3-yr period (which included a drought
year) on short-grass and mixed-grass prairie sites.
However, the increase in bird density on the grazed
plots was largely due to increases in Horned Larks.
Thus, adjustment of grazing intensity to maintain
rangelands in good condition may benefit most grass-
land bird species during drought conditions.

Drought conditions may cause decreases, increases,
or no changes in bird populations in semi-arid envi-
ronments. Rotenberry and Wiens (19804) found no
significant differences in bird density between a dry
year (1977) and two normal years (1978, 1979) at 14
shrub-steppe sites in the northern Great Basin of North
America despite substantial changes in the coverage of
forbs and grasses. However, the sites that had the high-
est turnover in bird species composition had higher
grass cover and total plant cover than those sites with
low turnover, suggesting that bird densities in grassier
habitats fluctuate more than those in shrub-dominated
sites. Wiens (1986) also examined temporal variation
in bird densities at several sites in southern Oregon
and northern Nevada over a 7-yr period. Despite dif-
ferences in growing season precipitation of 700% among
years, he found little consistent variation in bird num-
bers over the sites. Maurer (1985) found that total bird
density and biomass were higher but diversity was low-
er during a wet year than a year of normal precipitation
in grassland habitat in southern Arizona. Cody (1985)
suggested that the relationship between spring rainfall
and bird density at a mixed-grass prairie site in east-
central North Dakota depended on the habitat affinities
of a particular species. Densities of species associated
with wetter habitats tended to be positively correlated
with spring rainfall at the site, while those associated
with drier habitats were generally negatively correlated.
Thus, the response of grassland bird communities to
drought is quite variable and may depend on the se-

verity of the drought, the bird species in the commu-
nity, and the climate and vegetation of a particular site.

Changes in bird densities between and within years
may be due to a variety of factors, including variation
in recruitment, survival, productivity, and local move-
ment after breeding (Knopfand Sedgwick 1987, Tem-
ple and Wiens 1989, DeSante 1990). The decline
of Sprague’s Pipits, and Vesper, Baird’s, and Grass-
hopper sparrows between June 1987 and May 1988
probably was not due to low productivity the previous
year, as April-July precipitation at Watford City was
close to the 37-yr average in 1987 and nesting pro-
ductivity of Vesper Sparrows was high. Likewise, pre-
cipitation in 1987 was normal over most of the north-
ern Great Plains (USDA/NOAA 19874, b). It is more
likely that the decline was due to reduced recruitment
of individuals to our study area in the spring of 1988,
possibly in response to the poor condition of the veg-
etation. The precipitation deficit began in early 1988
and continued through the summer. Vegetation pro-
ductivity and height at 20 sites within the Little Mis-
souri National Grasslands declined 65 and 27%, re-
spectively, between 1987 and 1988 (D. Uresk, personal
communication). Many grassland bird species respond
to the structure and coverage of vegetation (Cody 1968,
Wiens 1969, 1973), and much of the habitat, therefore,
may have appeared unsuitable to some species in the
spring of 1988,

The lack of a decline in total bird density between
May 1988 and May 1989 was unexpected given the
low productivity in 1988 and the low annual survival
of passerine birds (usually 0.4-0.6, Lack 1966). Fur-
thermore, declines in density have been observed in
other bird populations following severe climatological
events (Knopf and Sedgwick 1987). The absence of a
decline between years suggests that local productivity
in one year had little impact on recruitment in the
following year. The lack of an effect may be due to
local populations being supplemented by recruitment
from larger areas, by a surplus of nonbreeding indi-
viduals, or by density-dependent effects on survival
(Temple and Wiens 1989). A decoupling of local pro-
ductivity and year-to-year changes in bird populations
has been observed in other bird communities that are

This content downloaded from 129 82 249 195 on Fri. 16 Oct 2015 23:03:45 UTC
All use subject to JSTOR. Terms and Conditions




August 1992

dominated by migratory species (DeSante 1990). How-
ever, several sequential years of below-normal pro-
ductivity may have a significant impact on the popu-
lations of these short-lived species (Temple and Wiens
1989).

The sharp decline in nesting productivity of Vesper
Sparrows in 1988 was largely due to nest abandonment.
Several proximate factors may contribute to nest aban-
donment, including energy constraints on the incu-
bating female, heat stress, or egg inviability. Schartz
and Zimmerman (1971) found that the proportion of
time spent resting by male Dickcissels (Spiza ameri-
cana) was linearly related to temperature and humidity
above 34°C in eastern Kansas. They concluded that
the early termination of breeding that they observed
in one year was directly related to heat stress. Termi-
nation of breeding, however, may also be related to
food availability (DeSante and Baptista 1989). Most
of the nest abandonment and the early termination of
breeding on our study area in 1988 coincided with the
extremely high temperatures in late June, suggesting
that heat stress may have played a role. However, grass-
hopper numbers also were declining during June and
July (Fowler et al. 1991), and therefore energy con-
straints may also have been involved. It is likely that
a combination of heat stress and declining food avail-
ability contributed to the increased nest abandonment
and the termination of breeding in 1988.

Although the relationship between precipitation and
nesting productivity in arid environments is well doc-
umented (Immelmann 1971, Serventy 1971), the sit-
uation is less clear in semi-arid and mesic environ-
ments. Rotenberry and Wiens (1989) found that the
number of young fledged was correlated with precipi-
tation for Brewer's Sparrows (Spizella breweri) and Sage
Sparrows (Amphispiza belli) in central Oregon. Clutch
size was also correlated with precipitation in Brewer’s
Sparrows but not Sage Sparrows. Sage Thrashers (Oreo-
Scoptes montanus) showed no correlation with precip-
itation for any reproductive parameters. DeSante and
Guepel (1987) found that productivity of birds in coastal
scrub habitat in northern California was related to pre-
cipitation in a nonlinear fashion. Productivity in-
creased with precipitation to a maximum in years of
high or slightly above-average rainfall, and then dropped
during years of heavy rainfall. Thus, the relationship
between breeding productivity and precipitation is
complex and may depend on the species, the climate
of a particular site, and the timing and severity of
drought.

Management recommendations

Given that drought conditions are a natural part of
the mixed-grass prairie environment, what recom-
mendations can we make regarding management of
these grasslands? First, because bird species respond
differently to drought conditions, monitoring programs
should include as many species as possible. Closely
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monitoring one or a few “indicator™ species may not
provide reliable information on the whole bird com-
munity. This will become more important as native
grassland continues to dwindle and if drought condi-
tions become more frequent in this region, as some
climate models predict. Second, livestock grazing should
be managed in a manner that assists recovery of de-
graded rangeland and maintains good condition range
where it exists.

ACKNOWLEDGMENTS

We thank Jane Adams, Linda Arnold, Clint Miller, Scott
Miller, Clark Nelson, Renee Sherman, Cynthia Sills, and Alan
Warner for help in collecting data. Jim Wickel graciously
provided data on range condition. John Wiens, Michael Mor-
rison, C. J. Ralph, John Rotenberry, and Gary Schnell pro-
vided many helpful comments on an earlier draft of this
manuscript. This research was supported by a cooperative
agreement with USDA-APHIS and Colorado State Univer-
sity, Lowell McEwen, principal investigator,

LITERATURE CITED

Biondini, M. E., P. W, Mielke, and E. F. Redente. 1988.
Permutation techniques based on euclidean analysis spaces:
a new and powerful statistical method for ecological re-
search. Coenoses 3:155-174.

Bock, C. E., and B. Webb. 1984. Birds as grazing indicator
species in southeastern Arizona. Journal of Wildlife Man-
agement 48:1045-1049.

Cody, M. L. 1968. On the methods of resource division in
grassland bird communities. American Naturalist 102:107-
147.

. 1985. Habitat selection in grassland and open-coun-
try birds. Pages 191-226 in M. L. Cody, editor. Habitat
selection in birds. Academic Press, New York, New York,
USA.

Dale, B. C. 1984. Birds of grazed and ungrazed grasslands
in Saskatchewan. Blue Jay 42:102-105.

Day, R. W., and G. P. Quinn. 1989. Comparisons of treat-
ments after an analysis of variance in ecology. Ecological
Monographs 59:433-463.

DeSante, D. F. 1990. The role of recruitment in the dynam-
ics of a Sierran subalpine bird community. American Nat-
uralist 136:429-445.

DeSante, D. F.,, and L. F. Baptista. 1989. Factors affecting
the termination of breeding in Nuttall’s White-crowned
Sparrow, Wilson Bulletin 101:120-124,

DeSante, D. F.,and G. Guepel. 1987. Landbird productivity
in central coastal California: the relationship to annual rain-
fall, and a reproductive failure in 1986. Condor 89:636—
653.

Emlen,J. T. 1977. Estimating breeding season bird densities
from line transect counts. Auk 94:455-468.

Fowler, A. C., T. L. George, R. L. Knight, and L. C. McEwen.
1991, The effect of bird predation on grasshopper popu-
lations (Orthoptera: Acrididae) in North Dakota grasslands.
Ecology 72:1775-1781.

Giezentanner, J. B. 1970. Avian distribution and population
fluctuations on the shortgrass prairie of north central Col-
orado. Thesis. Colorado State University, Fort Collins, Col-
orado, USA.

Gill, F. 1990. Ornithology. W. H. Freeman, New York, New
York, USA.

Goodman, L. A. 1960. On the exact variance of products.
Journal of the American Statistical Association 55:708-
713.

Harrison, C. 1984. A field guide to the nests, eggs, and

This content downloaded from 12982 249 195 on Fri. 16 Oct 2015 23:03:45 UTC
All use subject to JSTOR. Terms and Conditions




284

nestlings of North American birds. Stephen Greene Press,
Brattleboro, Vermont, USA.

Hensler, G. L. 1985. Estimation and comparison of func-
tions of daily nest survival probabilities using the Mayfield
method. Pages 289-301 inB. J. T. Morgan and P. M. North,
editors. Statistics in ornithology. Springer-Verlag, New York,
New York, USA,

Hill, M. O. 1973. Diversity and evenness: a unifying no-
tation and its consequences. Ecology 54:427-432,

Immelmann, K. 1971. Ecological aspects of reproduction.
Pages 341-359 in J. R. King and D. S. Farmer, editors.
Avian biology. Volume 1. Academic Press, New York, New
York, USA.

Kantrud, H. A. 1981. Grazing intensity effects on the breed-
ing avifauna of North Dakota native grasslands. Canadian
Field Naturalist 95:404-417.

Klomp, H. 1970. The determination of clutch size in birds:
a review. Ardea 58:1-124.

Knopf, F. L., and J. A, Sedgwick. 1987. Latent responses
of summer birds to a catastrophic climatological event.
Condor 89:869-873.

Lack, D. L. 1966. Population studies of birds. Clarendon,
Oxford, England.

Maurer, B. A, 1985. Avian community dynamics in desert
grasslands: observational scale and hierarchical scale. Eco-
logical Monographs 5§5:295-312.

Mayfield, H. 1961. Nesting success calculated from expo-
sure. Wilson Bulletin 73:255-261.

. 1975, Suggestions for calculating nesting success.
Wilson Bulletin 87:456—466.

Mielke, P. W., and K. J. Berry. 1982. An extended class of
permutation techniques for matched pairs. Communica-
tions in Statistics— Theory and Methods 11:1197-1207.

Morrison, M. L. 1986. Birds as indicators of environmental
change. Current Ornithology 3:429-451.

Neter, J., and W. Waserman. 1974. Applied linear statistical
models. Richard D. Irwin, Homewood, Illinois, USA.

Peters, R. L. 1988. Effects of global warming on species and
habitats: an overview. Endangered Species Update (Num-
ber 7) 5:1-8.

Reynolds, R. T., J. M. Scott, and R. A. Nussbaum. 1980.
A variable circular-plot method for estimating bird num-
bers. Condor 82:309-313,

Rogler, G. A., and H. J. Haas. 1947. Range production as
related to soil moisture and precipitation on the northern
Great Plains. Journal of the American Society of Agronomy
39:378-389.

Rotenberry, J. T.,and J. A. Wiens. 19804. Habitat structure,
patchiness, and avian communities in North American
steppe vegetation: a multivariate analysis. Ecology 61:1228—
1250.

Rotenberry, J. T., and J. A. Wiens. 1980b. Temporal vari-
ation in habitat structure and shrubsteppe bird dynamics.
Oecologia (Berlin) 47:1-9.

Rotenberry, J. T., and J. A. Wiens. 1989. Reproductive
biology of shrubsteppe passerine birds: geographical and
temporal variation in clutch size, brood size, and fledging
success. Condor 91:1-14.

T. LUKE GEORGE ET AL.

Ecological Applications
Vol. 2, No, 3

Ryder, R. A. 1980. Effects of grazing on bird habitats. Pages
51-66 in R. M. DeGraffand N. G. Tilghman, editors. Man-
agement of western forests and grasslands for nongame birds.
Workshop Proceedings. United States Forest Service Gen-
eral Technical Report INT-86.

SAS. 1988. SAS/STAT user's guide, release 6.03 edition.
SAS Institute, Cary, North Carolina, USA.

Schartz, R. L., and J. L. Zimmerman. 1971, The time and
energy budget of the male Dickcissel. Condor 73:65-76.
Schneider, S. H. 1989. The greenhouse effect: science and

policy. Science 243:771-778.

Seely, N. K., and G. N. Louw. 1980. First approximation
of the effects of rainfall on the ecology and energetics of a
Namib Desert dune ecosystem. Journal of Arid Environ-
ments 3:25=-54.

Serventy, D. L. 1971. Biology of desert birds. Pages 287
339 inJ. R. King and D. S. Farner, editors. Avian biology.
Volume 1. Academic Press, New York, New York, USA.

Smith, K. G. 1982. Drought-induced changes in avian com-
munity structure along a montane sere. Ecology 63:952-
961.

Sokal, R. R., and F. J. Rohlf. 1981. Biometry. Second edi-
tion. W, H. Freeman, San Francisco, California, USA.
Temple, S. A., and J. A. Wiens. 1989, Bird populations and
environmental changes: can birds be bioindicators? Amer-

ican Birds 43:260-270.

USDA/NOAA. 1987a. Spring weather review. Weekly
weather and crop bulletin, 23 June 1987. 74:14-16.

. 1987h. Summer weather review. Weekly weather

and crop bulletin, 2 September 1987. 74:12-13.

1988. Hottest and driest years in the U.S. climate
divisions for the period 1931-1988. Weekly weather and
crop bulletin, 23 August 1988. 75:10.

Weaver, J. E., and F. W. Albertson. 1956. Grasslands of the
Great Plains. Johnsen, Bock, and Webb, Lincoln, Nebraska,
USA.

Wiens, J. A. 1969. An approach to the study of grassland
birds. Ornithological Monographs 8:1-93,

1973. Pattern and process in grassland bird com-

munities. Ecological Monographs 43:237-270.

1974. Climatic instability and the “ecological sat-

uration” of bird communities in North American grass-

lands. Condor 76:385—400.

1977. On competition and variable environments.

American Scientist 65:590-597.

. 1986. Spatial scale and temporal variation in studies
of shrubsteppe birds. Pages 154-172 in J. Diamond and T.
J. Case, editors. Community ecology. Harper and Row,
New York, New York, USA.

Wiens, J. A., and M. I. Dyer. 1975. Rangeland avifaunas:
their composition, energetics, and role in the ecosystem.
Pages 146-182 in D. R. Smith, editor. Proceedings of the
Symposium on Management of Forest and Range Habitats
for Nongame Birds. United States Forest Service General
Technical Report WO-1.

This content downloaded from 12982 249 195 on Fri. 16 Oct 2015 23:03:45 UTC
All use subject to JSTOR. Terms and Conditions




