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ABSTRACT We used data from the Canadian component of the annual American Woodcock Singing-ground Survey
(SGS) and data from the Canadian National Harvest Survey between 1975 and 2015 to assess temporal fluctuations in
the population index, the number of American woodcock (Scolopax minor; hereafter, woodcock) harvested in Canada,
and the proportion of successful hunters in Canada. We performed analyses via generalized additive mixed models that
allowed us to identify periods when there were significant changes in temporal trends, and years during which there were
significant changes in the direction of the temporal trajectory. We included climatic conditions before, during, and after
the nesting and brood-rearing seasons (i.e., prior to the hunting season) as explanatory variables in our model. We did not
find any effect of climatic variables on the SGS index. The SGS population index showed a slow overall negative decline in
Canada, but there were only 2 significant periods of decline (1978-1984 and 1992-1994). Woodcock harvest and the propor-
tion of successful woodcock hunters increased with the size of the SGS population index in the spring. The total harvest
and the proportion of successful hunters remained fairly stable during the study period, but both indices showed a period
of significant decline that started ca. 2006, and that was followed by a period of significant increase that started ca. 2009.
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The American woodcock (Scolopax minor; hereafter wood-  States. The woodcock is managed under the Convention
cock) is a migratory game bird that inhabits early succes-  for the Protection of Migratory Birds in Canada and the
sional deciduous forests of eastern Canada and the United United States, and woodcock populations are monitored

1 email: christian.roy3@canada.ca
https://doi.org/10.24926/AWS.0130
CCBY 4.0

228


https://doi.org/10.24926/AWS.0130

using the Singing-ground Survey (SGS), coordinated by
the U. S. Fish and Wildlife Service (USFWS) and the Cana-
dian Wildlife Service (CWS). The continental population
of woodcock has shown long-term declines since the incep-
tion of the SGS in 1968 (Seamans and Rau, this volume).
Although the most recent estimate (Seamans and Rau, this
volume) indicates that population trends have stabilized in
the Central Management Regions in the last 10 years, pop-
ulations in the Eastern Management Region have declined
during the same period, and concern remains over long-
term woodcock population trajectories (Seamans and Rau,
this volume). The current prevailing theory to explain the
species’ decline is loss of early successional forest in the
southern part of its breeding range (McAuley et al. 1996,
Kelley et al. 2008). These concerns have led to the develop-
ment of a harvest strategy to regulate harvest in the United
States, and the development of a conservation plan (Kelley
et al. 2008).

Woodcock harvest is also monitored through harvest
surveys. In Canada, this is done through the National
Harvest Survey, which consists of the Species Composi-
tion Survey and the Harvest Questionnaire Survey. The
Harvest Questionnaire Survey is mailed nation-wide to
approximately 45,000 Migratory Game Bird Hunting
Permit holders with questions mainly focused on water-
fowl hunting. However, some information is collected
for non-waterfowl game birds (e.g., woodcock). From
these data, management agencies such as CWS can esti-
mate the number of woodcock harvested, the number of
successful woodcock hunters, and the average number of
woodcock harvested in a hunting area (e.g., province or
zone). Although these variables are used to inform harvest
management of woodcock, they have never been used to
identify potential population drivers, or to analyze poten-
tial long-term trends that would inform these manage-
ment actions.

Effective management of a harvested population
relies on the development of an effective monitoring pro-
gram. This includes a mechanistic population model that
explains why and how populations fluctuate, and a har-
vest-monitoring program that helps link harvest with pop-
ulation trends (Sutherland 2001, Ferrand et al. 2010, Evans
2012). Accordingly, 1 of the priorities that has been estab-
lished in the woodcock recovery plan is development of a
population model to assess the effect of harvest and habitat
management on the population (Kelley et al. 2008). There
have been few potential population drivers identified in
the woodcock literature, but some studies have established
links between weather conditions in the spring and wood-
cock productivity and survival. It has been demonstrated
that spring climatic conditions can influence earthworm
abundance and other foods consumed by woodcock
(Vander Haegen et al. 1993) and the nesting and reproduc-
tive success of woodcock (Rabe et al. 1983), and that the
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amount of precipitation during spring and summer can
affect woodcock adult and juvenile survival (Sepik et al.
1983, Daly et al. 2015).

Our first objective was to determine how spring cli-
matic conditions affect the SGS population index and
woodcock harvest in Canada. The second objective was
to identify periods of significant long-term change in (1)
the SGS population index, (2) the number of woodcock
harvested in Canada, and (3) the proportion of success-
ful hunters in Canada. We selected these 3 datasets as
each contributes a component to overall understanding
of trends in woodcock populations. The SGS population
index provides valuable information on breeding popula-
tion trends, while the National Harvest Survey tracks the
fall woodcock population by utilizing the total harvest
in the fall to inform managers of population trends and
annual productivity. Total harvest data, however, can be
biased due to unequal success rates for individual hunt-
ers. Harvest per unit of effort is usually positively skewed
by more efficient hunters with high success rates, and
these most-successful hunters are more likely to continue
hunting regularly even in years of lower population num-
bers (Guthrey et al. 2004, Willebrand et al. 2011). The
proportion of successful hunters (i.e., hunters that har-
vest 21 woodcock), therefore, can be utilized to detect any
changes in composition of hunters that would influence
the trend in the harvest.

Study Area

Our study focused on the 5 Canadian provinces where
woodcock regularly breed: Ontario, Quebec, New Bruns-
wick, Prince Edward Island, and Nova Scotia. The study
area is comprised of the Boreal Shield, Mixed Wood Plains,
and Atlantic Maritime Ecoregions. Most of the land is cov-
ered by forest, with patches of row crop agriculture and
urban areas concentrated in the southern portions of each
province. Likewise, most private ownership of woodlands
in our study area was located in the south, whereas more
northern forests were generally under Crown tenure. The
SGS spans the entirety of New Brunswick, Prince Edward
Island, and Nova Scotia, but is limited south of the Boreal
Softwood Shield Bird Conservation Region in Ontario
and Quebec (Sauer et al. 2008). Hunting effort and har-
vest is concentrated in the southern hunting zones where
the human population is concentrated (Gendron and
Smith 2017).

Methods

DATA SOURCES

SGS population index Every year, a population index is
derived from the SGS for the 2 broad management regions
(Eastern and Central) and every province/state that par-
ticipates in the survey. This index is based on the number
of singing males that are counted via a roadside survey
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during the spring using a standardized protocol. Popula-
tion trends are subsequently estimated using a hierarchi-
cal model (Sauer et al. 2008, Seamans and Rau, this vol-
ume). We obtained population indices between 1975 and
2015 from the 2016 American Woodcock population status
report (Seamans and Rau 2016).

Canadian harvest and hunter success data We used
the Canadian National Harvest Survey to obtain data on
the number of harvested woodcock reported by hunters,
the number of active non-waterfowl hunters, the num-
ber of days spent hunting by non-waterfowl hunters, and
the number of successful woodcock hunters for each of
the 5 provinces (Gendron and Smith 2017; Appendix 1).
These variables were derived from Harvest Questionnaire
Survey data. The complete methodology of the survey is
available on Environment and Climate Change Canada’s
website (Environment and Climate Change Canada 2017).
We used non-waterfowl hunters in our analysis, which
included Mourning dove (Zenaida macroura), Wilson’s
snipe (Gallinago delicata), rails (Rallus limicola and Por-
zana carolina), and American coot (Fulica americana)
hunters in addition to woodcock hunters, as the Harvest
Questionnaire Survey is not directed only to woodcock
hunters. We assumed that the proportion of woodcock
hunters among non-waterfowl hunters has remained
stable throughout the survey period. Woodcock wings
are also collected during the Species Composition Sur-
vey, which can subsequently be used to estimate produc-
tivity. However, the dataset does not include wings col-
lected before 1991 and does not include samples from
Prince Edward Island, so we did not include these data in
our analysis.

ENVIRONMENTAL VARIABLES

Snow cover Late spring weather conditions can nega-
tively affect survival of woodcock and recruitment into
the population (Dwyer et al. 1982, Longcore et al. 1996).
Using snow cover as a proxy for spring phenology, we
acquired the Snow Cover Extent from the National Oce-
anic and Atmospheric Administration (NOAA) National
Center for Environmental Information website (NOAA
2018). The dataset consists of weekly gridded data (1.0° x
1.0°) documenting the occurrence of snow on the ground
for the northern hemisphere (Robinson et al. 2012). For
each year, in each province, we retrieved the average week
during which the snow cover permanently disappeared
from the ground. For Ontario and Quebec, we restricted
the extraction of the snow cover values south of 51.75°N
to avoid including areas that were not part of woodcock
breeding range (McAuley et al. 2013).

Total precipitation The amount and timing of precipi-
tation has been shown to limit the survival of woodcock
juveniles during the brooding season and the survival of
juveniles and adults during the summer (Rabe et al. 1983,
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Sepik et al. 1983, Daly et al. 2015). We used the NOAA PRE-
Cipitation REConstruction over Land (PREC/L) data-
set to measure the amount of precipitation that occurred
during each year between 1 April and 31 July within each
province. The dataset consists of monthly gridded (1.0° x
1.0°) interpolated precipitation predictions (Chen et al.
2002). We calculated the total amount of precipitation, in
each province, before the nesting season (April), during
the nesting/brooding season (May and June), and during
the fledgling season (July). Similar to the snow cover index,
we restricted the extraction of the data south of 51.75°N
in Ontario and Quebec. We derived an index of wetness
within each province by centering the data extracted on
the log scale.

DATA ANALYSIS
General additive mixed-model framework We used gen-
eralized additive mixed models (GAMM) in a Bayesian
framework for our analysis. GAMM can accommodate
nonlinear relationships, which can be advantageous if
the user wishes to delineate the shape of a trajectory over
time. In all analysis we included explanatory variables and
added 2 time components to separate potential temporal
effects that are not explained by the explanatory variables:
Kir=XPB + S(t) + €;; eq. 1
where p;, is the mean on the link scale, X is a matrix of
explanatory variables, B is vector of linear coefficients
(i.e., fixed effects) to be estimated, S(t) is shared cubic
splines smoothing component for all 5 provinces, and ¢;;
is a random year effect at the provincial level. The smooth-
ing component represents a global temporal trend, unex-
plained by the explanatory variables, that was shared
across all 5 provinces. The random year effect represents
the individual deviations from the global trend at the pro-
vincial scale. If, for some reason, a province did not share
the temporal global trend present in the other provinces,
the yearly random effect of this province would show a
significant temporal trend (Knape 2016). To avoid spuri-
ous results, we checked for correlations among predictors
for each model. All pairwise correlations were found to be
well below the acceptable threshold (i.e., >0.6).

For each model, we estimated the first and second
derivative of the cubic splines smoothing component
from the posterior distribution to assess evidence for sig-
nificant change in the temporal trend. Significant changes
in either the first or second derivative indicated signifi-
cant temporal changes that were unaccounted for by the
explanatory variables included in the model. In both cases,
we deemed a change significant if the 95% Bayesian cred-
ible interval of the estimate did not overlap zero. Years
when the first derivative was significant indicated that the
trend increased, or decreased, significantly from the pre-



vious year (Fewster et al. 2009, Knape 2016). Years when
the second derivative was significantly positive indicated
that the rate of change was turning upward (ie., faster
increase or slower decrease), whereas years when the sec-
ond derivative was significantly negative indicated years
of downturns (i.e., slower increase or faster decline). Years
when the second derivative was significant are considered
change points, and can help suggest external causes for
the changes observed in a time series (Fewster et al. 2009,
Knape 2016).

SGS population index in the provinces We analyzed
the annual variation in SGS population index assuming
a lognormal distribution. We included the effect of prov-
ince, year, snow cover, and precipitation before the nesting
season as fixed effect in the model. We expected that a late
snow cover and a wet spring would have a negative impact
on the SGS index because those conditions would make
the breeding season difficult for males and negatively
affect their inclination to display and their survival (Duke
1966). We also included the effect of snow cover during
the previous year as a fixed effect in the model. We par-
titioned precipitation into 3 temporally explicit terms: 1)
before the nesting season, 2) during the nesting/brooding
season, 3) and during the fledgling season. We expected
late snow cover to have a negative effect on nesting female
success, wet conditions before and during the nesting and
brood rearing seasons to negatively affect female produc-
tivity and juvenile survival, and dry conditions during the
fledgling season to negatively affect both adult and juvenile
survival. All of those factors should lead to a reduction in
the fall woodcock population, and we expected the nega-
tive effects should be significant enough to persist during
the winter and to be reflected in the SGS index the subse-
quent year.

Total harvest in the provinces We analyzed the harvest
data using a Poisson distribution. We included year, prov-
ince, SGS population index, snow cover, and precipitation
as fixed effects in the model. We partitioned precipita-
tion into the same temporally explicit terms as described
above (i.e., before the nesting season, during the nesting/
brooding season, and during the fledgling season). We
expected that those variables would have an effect simi-
lar to the effects we hypothesized on the SGS population
index and that the a reduction in the fall woodcock popu-
lation would negatively affect harvest and hunter success
(Schulz et al. 2010), given that juveniles are likely more
vulnerable to hunting than adults (Reynolds 1987, Zim-
merman et al. 2010). Values for total harvest for a given
province were sensitive in part to the number of estimated
active non-waterfowl hunters in the National Harvest Sur-
vey dataset during each year. Given that we were interested
in how harvest changed over time independently of effort,
we included the log of the numbers of active non-water-
fowl hunters as an offset in the model. Thus, the results
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Figure 1. a) Estimated size of the American Wood-
cock Singing-Ground Survey (SGS) population
index as a function of province at the beginning of
the survey period (1975). Dots represent the mean
and bars represent 95% Bayesian credible inter-
vals. b) shared temporal trend for the SGS across
all 5 provinces during 1975-2015.The solid line is
the estimated long-term component of the trend,
whereas the shaded area represents 95% Bayesian
credible intervals. The trend line is colored for peri-
ods where there is a significant decrease (pink) in the
trend. Periods where the curvature is significantly
positive (e.g., upturn; blue) or negative (e.g., down-
turn, pink) are identified by bars along the x-axis.

and predictions that are derived from the model reflect the
annual variation in harvest if the number of hunters would
be held constant during the period at hand.

Proportion of successful hunters in the provinces We
used a logistic distribution to analyze the annual variation
in the proportion of successful hunters in each province.
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Figure 2. Deviation from the shared temporal trend at the provincial scale for the SGS index (top), the number of
American woodcock harvested (middle), and the proportion of successful hunters (bottom) models. Dots represent
the mean and bars represent the 95% Bayesian credible intervals. Black is used to denote years for which the
deviation was significantly different than zero at the 95% level, whereas gray indicates years that do not deviate from
patterns observed across all provinces.

We used the number of hunters who successfully harvested
a woodcock as the numerator and the number of active
non-waterfowl hunters as the denominator. We used the
same suite of variables as for the Total Harvest analysis
and expected they would have similar effects.

Model fitting and inference We fitted all models using
Stan version 2.14.1 called via the RStan package in R (R
Core Team 2016, Stan Development Team 2016). Stan
implements Bayesian inference using a variant of the Ham-
iltonian Monte Carlo algorithm (Carpenter et al. 2016).
We ran 3 chains, each of 500 iterations for the adaptation
phase (discarded), followed by a further 1,000 iterations
for inference. We checked for convergence by eye, and
by using the Gelman-Rubin diagnostic test (Gelman et
al. 2013). We deemed a parameter “significant” if the 95%
Bayesian credible interval did not overlap zero and “weak”
if the 90% credible interval did not overlap zero.

Results

SGS POPULATION INDEX IN THE PROVINCES

Predicted mean SGS survey index in Ontario was
6.80 males per route. The mean population index was sig-
nificantly lower in Quebec (5.21; 95% BCI = 5.04 - 5.38),
New Brunswick (6.29; 95% BCI = 6.10 - 6.48), Nova Scotia
(3.14; 95% BCI = 3.04 - 3.12), and Prince Edward Island
(3.86;5 95% BCI = 3.74 — 3.98). Spring snow cover (ﬁ: 0.00;
95% BCI = -0.01 - 0.01) and the amount of precipitation
before the nesting season (f = -0.02; 95% BCI = -0.06 -
0.03) did not significantly affect the SGS index over time.
The lagged effect of snow cover (8= -0.01; 95% BCI = -0.02
- 0.01), the amount of precipitation before the nesting sea-
son (ﬁ: -0.02; 95% BCI = -0.07 - 0.03), the amount of pre-
cipitation during the nesting season (= 0.02; 95% BCI =
-0.06 — 0.09), and the amount of precipitation during the
fledgling season (= 0.02; 95% BCI = -0.03 - 0.06) did not
influence significantly the SGS population index.



The population index declined by 70% (95% BCI =
63 — 77%) between 1975 and 2015 (Fig. 1b). The decline
was slow and steady except for 2 periods of steeper
decline; the first occurred during 1978-1984, and the sec-
ond during 1992-1994. There was a significant period of
upturn during 1982-1983 at the end of the first period of
significant decline. There was also a significant period of
downturn in 1990, just prior to the second period of signif-
icant decline. There was no significant deviation from the
national pattern at the provincial level for the population
index trend (Fig. 2).

TOTAL HARVEST IN THE PROVINCES

Mean annual harvest of woodcock in Ontario at the begin-
ning of the study period was estimated at 3,379 individuals
(95% BCI = 1,534 - 6,561; Fig. 3a). Mean harvest was sig-
nificantly higher in Quebec (4,327; 95% BCI = 2,396 -
7:214), and significantly lower in Prince Edward Island
(ﬁ = 453; 95% BCI = 289 - 679) compared to Ontario.
Mean harvest in New Brunswick (3,349; 95% BCI = 1,636
- 6,267) and Nova Scotia (2,714; 95% BCI = 1,915 - 3,745)
was comparable to harvest in Ontario. The SGS popula-
tion index had a positive effect (ﬁz 0.17; 95% BCI = 0.07
- 0.27) on the number of woodcock harvested. Based on
model predictions, increasing the SGS population index
by 1.0 would increase the harvest by 16% (BCI = 4 - 28%).
Spring snow cover had a negative effect on harvest (f =
-0.05; 95% BCI = -0.10 - 0.00). Our model predicted that a
delay of 2 weeks in snow cover, the largest delay observed
in Ontario, would decrease hunter harvest by 10% (BCI =
-19 - 0%). The amount of precipitation during the nesting
season had a weak negative effect on woodcock harvest
(ﬁz -0.27; 95% BCI = -0.57 — 0.04), whereas the amount
of precipitation during the fledgling season had a weak
positive effect on the number of woodcock harvested (=
0.21; 95% BCI = -0.01 — 0.44). As with snow cover, we used
our model to predict the impacts of an abnormally wet
breeding season and an abnormally wet fledgling season
using the most extreme data point observed across years
in Ontario. Our model predicted that if breeding season
precipitation was 180 mm over the average, harvest would
decrease by 9% (BCI = -20 - 1%), whereas an abnormally
wet fledgling season, with precipitation 83 mm over the
average, would increase the harvest by 7% (BCI = 0 - 15%).
The amount of precipitation before the nesting season
did not influence the number of woodcock harvested (=
-0.10; 95% BCI = -0.31 - 0.12).

There was a significant downturn in the Canadian har-
vest trend in 2004, and the harvest subsequently declined
significantly during 2006-2010 (Fig. 3b), independently of
the explanatory variable in the model. Subsequently, there
was a significant upturn in the harvest during 2009-2014,
and the trend in woodcock harvest reversed and increased
significantly during 2013-2016. There were many signif-
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Figure 3. a) Estimated number of American wood-
cock harvested annually in each Canadian province
at the beginning of the survey period. Dots represent
the mean and bars represent the 95% Bayesian credi-
ble intervals. b) Shared temporal trend for woodcock
harvest across all 5 provinces. The solid line is the
estimated long-term component of the trend whereas
the shaded area represents 95% Bayesian credible
intervals. The trend line is colored for periods where
there is a significant increase (blue) or decrease
(pink) in the trend. Periods where the curvature is
significantly positive (e.g., upturn; blue) or negative
(e.g., downturn, pink) are identified by rectangle at
the bottom of the figure. Predictions were made with
a constant effort across region and time.

icant deviations from the national trend at the provincial
level, but there was no consistent trend within a province
(Fig. 2). Prince Edward Island was the province with the
most significant deviations from the national trend, but
this is more likely due to the small sample of hunters who
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Figure 4. a) Estimated proportion of successful
American woodcock hunters (number of hunters
who harvested a woodcock over the total number of
non-waterfowl hunters) in each Canadian province
at the beginning of the survey period. Dots repre-
sent the mean and bars represent the 95% Bayesian
credible intervals. b) Shared temporal trend in the
proportion of successful woodcock hunters across all
5 provinces. The solid line is the estimated long-term
component of the trend whereas the shaded area rep-
resents 95% Bayesian credible intervals. The trend
line is colored for periods where there is a significant
increase (blue) or decrease (pink) in the trend. Peri-
ods where the curvature is significantly positive (e.g.,
upturn; blue) or negative (e.g., downturn, pink) are
identified by rectangle at the bottom of the figure.

participated in the harvest survey in this province during
these years. Woodcock harvest in Nova Scotia was con-
sistently higher than the national average during the last
5 years of our study period.
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PROPORTION OF SUCCESSFUL

HUNTERS IN THE PROVINCES

On average, 44% (95% BCI = 41 - 46; Fig. 4a) of the
non-waterfowl active hunters in Ontario harvested a
woodcock. The proportion of successful hunters was sig-
nificantly higher in New Brunswick (0.50; 95% BCI = 0.47
- 0.53), and significantly lower in Nova Scotia (0.28; 95%
BCI = 0.26 - 0.31) and Prince Edward Island (0.19; 95%
BCI = 0.17 - 0.21) compared to Ontario. Quebec hunter
success (0.43; 95% BCI = 0.41 — 0.46) was comparable to
that in Ontario. The population index (8= 0.16; 95% BCI =
0.08 — 0.25) had a positive effect on the proportion of hunt-
ers who were successful. According to model predictions,
increasing the SGS population index by 1 would increase
the proportion of successful hunters by 3% (BCI =1 - 5%).
Spring snow cover (ﬁ -0.03; 95% BCI = -0.07 - 0.01) pre-
sented a weak negative effect on the proportion of hunters
who were successful. Our model predicted that a delay
of 2 weeks in snow cover would decrease the proportion
of successful hunters by 1% (BCI = -3 - 1%). Neither the
total amount of precipitation before the nesting season (8
0.14; 95% BCI = -0.33 - 0.04), during the nesting and
brood rearing seasons (Ez -0.03; 95% BCI = -0.28 - 0.21),
nor during the fledgling season (= 0.05; 95% BCI = -0.12
- 0.22) had a noticeable effect on the proportion of hunters
who were successful.

The trend in the proportion of successful hunters
showed an increase during 1990-2005, but there were no
significant changes during this period (Fig. 4b). There was
a sharp significant decline in the proportion of successful
hunters during 2006-2011, but this decrease was coun-
teracted by a sharp significant increase during 2012-2014.
There was also a period of significant downturn in hunter
success during 2004-2006, prior to the period of signifi-
cant decline, and a period of significant upturn in the
proportion of successful hunters during 2009-2014. At
the provincial level, the success in Nova Scotia was con-
sistently higher than the national average during the last
7 years of our study period, whereas it was consistently
lower during the last 3 years in Ontario (Fig. 2). The other
provinces did not show any consistent patterns.

Discussion

Climatic variables did not appear to influence the SGS
population index in the Canadian provinces, but we did
find support for climatic variables influencing woodcock
harvest numbers. Both spring snow cover (i.e., the timing
of snow melting in the spring) and breeding season pre-
cipitation negatively impacted woodcock harvest, whereas
precipitation during the fledgling season increased the
harvest. The discrepancy between the impacts seen in
hunter harvest and in the SGS likely stems from the dif-
ferential impact of climatic conditions on singing males
and females/juveniles. Within 1 year (the temporal scale



at which we analyzed these data) the spring conditions
likely do not adversely affect the ability of breeding males
to establish a singing territory, thus there is no detectable
impact in the SGS. The same climatic conditions, how-
ever, may negatively impact female productivity and juve-
nile survival. A decrease in female productivity and juve-
nile survival would translate into a smaller fall population
with fewer juveniles. Hunter success would diminish both
in response to the overall smaller population and to the
change in population age structure, given that juveniles
are more vulnerable to hunting than adults (Reynolds
1987, Zimmerman et al. 2010). However, the effect of spring
conditions on productivity and breeding season juvenile
survival do not appear to carry over to the subsequent
SGS population index in our model, which suggests that
the climatic conditions on the breeding grounds are not a
major limiting factor in the annual life cycle of woodcock
in Canada.

CLIMATIC CONDITIONS IN THE SPRING

Hunting quality has often been linked directly to increased
opportunities and hunter success (Decker et al. 1980).
Schulz et al. (2010) proposed that the quality of the spring
nesting season would be one of the most important factors
affecting quality of the fall hunting season for woodcock.
Our results partially support that contention. Late snow
cover during the spring significantly decreased harvest
and tended to decrease hunter success. Late spring snow
cover can delay the start of egg laying, which can be detri-
mental to productivity by reducing time available to renest
(Vander Haegen et al. 1993, McAuley et al. 1990). Persistent
frost can also drive earthworms deeper into the ground,
which limits the amount of energy available for nesting
females (Rabe et al. 1983, Vander Haegen et al. 1993). In
those instances, nesting females may reduce clutch size
from 4 to 3 to compensate for the lack of available food
(Sheldon 1971, Rabe et al. 1983, Vander Haegen 1992). The
amount of precipitation during the nesting and brooding
seasons, and the amount of precipitation during the fledg-
ling season, also tended to affect harvest; the effect of pre-
cipitation, however, varied depending on season. Heavy
rainfall during the nesting season was associated with
a decrease in fall harvest, whereas a wet fledgling season
was associated with an increase in harvest. The change in
the direction of the effect is supported by previous stud-
ies. Abundant precipitation during the spring can limit
the survival of pre-fledged woodcocks (Daly et al. 2015).
In contrast, prolonged drought during summer can limit
earthworm availability, which negatively affects woodcock
survival (Rabe et al. 1983, Sepik et al. 1983). However, our
analyses indicated that the effects of climatic variables on
woodcock harvest and hunter success were weak at best,
and any apparent within-year impacts on productivity by
climatic variables did not produce a lasting effect reflected

235

Woodcock Population and Harvest Trends in Canada * Roy et al.

in the subsequent year’s breeding population index. Favor-
able weather conditions during the breeding season are
therefore likely to increase the subsequent fall's recruit-
ment, and indirectly impact hunter success and wood-
cock harvest. However, the effect is unlikely to persist and
govern population fluctuations to the same level seen, for
example, in waterfowl nesting in the prairies (Feldman et
al. 2016, Roy et al. 2016). The high mortality rate reported
on the wintering grounds (Krementz et al. 1994, Pace 2000,
Elizondo 2018) could act as buffering mechanisms against
favorable weather conditions on the breeding grounds in
the annual life cycle of woodcock. This question could be
elucidated with a full annual life cycle model similar to
those that have been developed for waterfowl populations
(Robinson et al. 2016, Koons et al. 2017).

LONG-TERM TRENDS

SGS population index The most important decrease in
the SGS population index occurred at the beginning
of the survey in the late 1970s. There was a brief period
of population stabilization in the late 1980s, but since
then the population has decreased slowly, except for a
short period during 1992-1994 when there was a sharp
significant decrease in the population index. Although
decreases in early successional forest have been well-doc-
umented during this period in the eastern United States,
this decrease in early successional habitat is less clear
in eastern Canada (McAuley et al. 1996, Dessecker and
McAuley 2001, Kelley et al. 2008). Undeniably, there has
been some loss of early successional forest in each eastern
Canadian province due to urbanization from the 1960s to
the 1970s. However, urbanization accelerated in the late
1980s (Dupras et al. 2016, Nazarnia et al. 2016), after the
main period of woodcock population decline had abated.
The agro-forested landscapes in eastern Canada also expe-
rienced modifications in the type of crop grown over this
period, generally changing from hay and pasture to grain
crops due to the decline in livestock production (Javorek et
al. 2016). The amount of forest cover within agro-forested
regions of eastern Canada, however, has remained either
fairly stable or increased weakly because of the additions
of hedgerows and windbreaks between fields and the
increased amount of abandoned farmlands (Moss and
Davis 1994, Jobin et al. 2014).

Major forest harvesting operations began during the
19508 and 1960s in eastern Canada and increased until
the early 1980s, when the industry went through a major
decline that slowed operations (Burton et al. 2003, Bur-
ton et al. 2006). As such, the 1960s and 1970s correspond
to a period when the amount of early successional forest
increased on the landscape in eastern Canada (Etheridge
et al. 2005, Boucher et al. 2006). The period of significant
decrease in the number of woodcock detected in Canada
is, therefore, not concomitant with a large-scale loss of
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habitat. A more thorough analysis at a smaller spatial scale
could help elucidate this question. However, past studies
at the local scale have questioned the representativeness of
the SGS and even suggested that woodcock habitat might
have been overrepresented in the early years of the survey,
thereby biasing data from those years (Klute et al. 2000,
Morrison et al. 2010). The decrease observed during the
1970s could therefore represent a return to a more normal
representative population index (Morrison et al. 2010).

The continued long-term decline in woodcock abun-
dance from the 1980s onward is more concomitant with
a large-scale decrease in the amount of woodcock habitat
in southern Canada due to the combination of urbaniza-
tion and changes in forestry and agricultural practices. It is
important to note, however, that SGS coverage is currently
limited in the northern range of the woodcock distribu-
tion, an area where timber harvesting has probably created
the widest expanse of early successional forest (Keppie et
al. 1984, Sauer et al. 2008). The northern region of Que-
bec also experienced a disproportionate amount of aban-
doned farm fields because of rural depopulation (Hamel
et al. 1999 Roy et al. 2010, 2015). Woodcock could thus
have shifted their distribution northward within their his-
torical range, and the decline seen in the SGS could rep-
resent a trend that is only representative of the southern
breeding population in Canada. A recent study by Sul-
lins et al. (2016) lends credence to this hypothesis. Using
stable isotopes analysis, they estimated that >50% of the
woodcock population could be missed by current SGS
coverage. Nevertheless, woodcock harvest occurs in the
southern Canada where the population declines have most
likely occurred. Given the positive relationship we found
between the SGS index and harvest, the low population
index observed in southern Canada should be of concern
for managers because it could affect hunter retention and
recruitment (Roy et al., this volume, Factors influencing
American woodcock hunter satisfaction in Canada). More
targeted research programs in southern Canada could
help identify areas of concerns that could be targeted for
protection and enhancement.

Harvest and number of successful hunters Once effort
and the spring population size were accounted for, our
results suggest that harvest remained relatively stable
over time. However, the proportion of successful hunters
tended to increase, which supports in part the conten-
tion that only the most dedicated woodcock hunters are
still practicing the sport (Guthrey et al. 2004, Willebrand
et al. 2011). The decline in harvest and the proportion of
successful hunters from ca. 2006 was unexpected, as there
have been no regulatory amendments that could explain
this pattern. Daily bag limits remained stable during
the period of the analysis, and the mandated use of non-
toxic shot for hunting migratory game birds in Canada
in 1999 did not apply to woodcock. However, it is possi-
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ble that the drop in both metrics was due to issues related
to productivity. The period of population decline corre-
sponds roughly to a period of decline in annual indices of
woodcock recruitment estimated by CWS from the Spe-
cies Composition Survey (M. Gendron, unpublished data),
and also to a period when the weighted annual indices of
recruitment estimated by the USFWS were at their lowest
in the Eastern Management Region (Seamans and Rau,
this volume). It is therefore possible that woodcock pro-
ductivity, and hence harvest, declined during this period
due to factors that were omitted from our analysis.

Management Implications
Our finding showing that spring weather conditions are
related to the subsequent fall harvest of woodcock in Can-
ada brings some insight about the importance of extrinsic
factors in affecting woodcock productivity. Given that our
results suggest productivity could play a key role in hunter
success, it would be worthwhile to investigate more directly
the factors that drive female productivity and juvenile sur-
vival on the Canadian breeding grounds with more thor-
ough field studies. Developing a full annual life cycle model
would also be useful to identify the limiting factors and
period for woodcock populations (Robinson et al. 2016).
The prolonged declines observed in the SGS popula-
tion index in the Canadian provinces remain unexplained,
and it would be useful to invest resources in analyzing the
SGS index data at a finer scale. This analysis should help
identify regions where declines were more pronounced
and identify the drivers of this decline at a local scale. This
undertaking should be facilitated by recent efforts that
have been deployed to geo-reference SGS routes (Rau and
Cooper, this volume).
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Appendix 1. Observed (black dots) and predicted data (shaded area) for the Singing-Ground Survey (SGS) index,
number of American woodcock harvested, and percentage of successful woodcock hunters in Canada between
1975 and 2015. Shaded area represents the 95% Bayesian credible interval.
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