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Abstract 
Agricultural fields on the lower Fraser River delta in British Columbia, Canada provide feeding 
habitat for migratory waterfowl. Cover crops, including cereal grasses (winter wheat, Triticum 
aestivum; spring barley, Hordeum vulgare; fall rye, Secale cereale) and clover (red clover, 
Trifolium pratense; white clover, Trifolium repens), are used in local vegetable crop rotations 

and provide feeding opportunities for these birds during fall and spring migration and wintering 
periods. Cover crops have the potential lure waterfowl away from economically valued perennial 
forage crops, thereby functioning as Alternative Feeding Areas (AFAs). We used fecal pellet 
counts to investigate the capacity of several cover crop species to support waterfowl, including 
lesser snow goose (Chen caerulescens c.), mallard (Anas platyrhynchos), American wigeon 
(Anas americanus), and northern pintail (Anas acuta). Cereal cover crops did not support as 
many waterfowl in the late season compared to the early season and clover supported 
comparable densities in both the late and early season. Though cover crops likely function as 
AFAs in early winter, use of perennial forage by waterfowl is intensive later in the season, 
between February and April. Waterfowl density did not differ across crop types but was 
significantly different when planting date of cereal cover crops was considered. Winter wheat 
was able to support more waterfowl with increasing height, which corresponded with earlier 
planting dates. In contrast, spring barley fields supported fewer waterfowl with increasing 
vegetation height, particularly above a threshold height of 16 cm. 
 
 

1. Introduction 
The Fraser River delta in British Columbia contains the largest estuary on Canada’s Pacific 
coast, and sustains the highest concentrations of winter waterbirds in all of Canada (IBA 
Canada, 2012). The mud flats, intertidal marshes, and farmland are internationally recognized 
as an Important Bird Area and considered Canada’s most important ecosystem for supporting 
migrant and wintering waterbirds (IBA Canada, 2012). Over 78% of tidal and brackish marshes 
have been dyked and drained since 1868, much of them for agriculture (Butler and Campbell, 
1987).  
 
Though converting land to agriculture leads to decreases in avian biodiversity (Benton et al. 
2003; Dänhardt et al. 2010), herbivorous waterfowl populations can benefit from the availability 
of farmland habitats. For example, Stralberg et al. (2011) showed that in order to preserve 75% 
of each waterfowl species' population in California, 67% of the 1,433,000 hectares of habitat 
needed was agricultural. The authors went on to note that agricultural fields were the least 
protected habitat in their study area. Though farmland on the Fraser River delta is protected by 



the Provincial Agricultural Land Reserve (ALR), there is increasing pressure to expand industrial 
and commercial enterprises, as well as residential neighbourhoods, onto agricultural areas. A 
treaty with the Tsawwassen First Nations in 2006 has removed approximately 215 hectares 
from the Agricultural Land Reserve and there are plans to develop retail, residential, and 
industrial land uses (Tsawwassen First Nation, 2009). There are plans to convert 43 hectares of 
agricultural land to residential land use in southwest Delta (Century Group, 2011).The 
government has owned 1,641 hectares of farmland since 1968, slated for future expansion of 
the Roberts Bank Superport, one of the largest ports in North America (Fraser, 2004) and recent 
road construction has removed at least 90 hectares of farmland from production (Gateway 
Program, no date).  
 
Approximately 30-60,000 American wigeon (Anas americana) (2% of the global population), 
30,000 mallard (Anas platyrhynchos) and 20-50,000 northern pintail (Anas acuta) (1% of the 

North American population) winter on the lower Fraser and require farmland habitat to 
supplement their dietary requirements during this period (Breault and Butler, 1992; IBA Canada, 
2012; Lovvorn and Baldwin, 1996). The Wrangel Island population of lesser snow goose (Chen 
caerulescens c.) also uses farmland on the Fraser during migration and wintering periods 

(Pacific Flyway Council, 2006). Other waterfowl that use agricultural habitats include trumpeter 
swan (Cygnus buccinator), greater white-fronted goose (Anser albifrons), Canada goose 
(Branta canadensis), cackling goose (Branta hutchinsii), gadwall (Anas strepera) and green-
winged teal (Anas crecca). Waterfowl feed on different crops including potato and carrot 

residue, unharvested grain, perennial forage (hay and pasture), cover crops, forbs, weed seeds 
and invertebrates found within agricultural habitats (Bradbeer, 2007; Lovvorn and Baldwin, 
1996).  
 
Waterfowl can come into conflict with farming when they feed on economically valued crops 
(Owen, 1971). Perennial forage crops on the lower Fraser are susceptible to grazing by 
waterfowl (Merkens et al., 2012), and yield losses pressure farmers to purchase supplementary 
feed stocks at extra cost to their operations (Zbeetnoff and McConnell, 2007). Research in the 
United Kingdom and Japan has shown that the creation of Alternative Feeding Areas (AFAs) 
can reduce waterfowl damage to economically valuable crops by attracting the birds to other 
areas (Amano et al., 2007; Vickery and Gill, 1999). AFAs are agricultural fields managed to feed 
maximum numbers of waterfowl (Amano et al., 2007; McKay et al., 2001; Riddington et al., 
1997; Vickery and Gill, 1999). In many parts of the world geese have adapted to feed on 
farmland and can be dependent upon it during the winter (Jeffries and Drent, 2006); in some 
cases this shift in habitat preference has been linked to exponential increases in goose 
populations (Abraham et al., 2005). 
 
On the Fraser River delta, over 1,200 hectares of cereal grasses and clovers are managed as 
cover crops for soil conservation and migratory waterfowl habitat. Farmers are encouraged to 
plant cover crops through the Winter Cover Crop Stewardship Program administered by a local 
non-profit organization, Delta Farmland & Wildlife Trust. Through the stewardship program, 
farmers receive a cost-share payment for planting cover crops, which can be incorporated into a 
crop rotation after vegetable cash crops have been harvested in the late summer or early fall. In 
addition to their agronomic benefits, cover crops provide feeding habitat for waterfowl on a 
human-altered landscape and may function as AFAs to reduce damage to perennial forage 
fields.  
 
The focus of our research is on determining which cover crop species and management 
practices are capable of maximizing the number of waterfowl supported. A variety of species are 
used as cover crops, including spring barley (Hordeum vulgare), winter wheat (Triticum 



aestivum), fall rye (Secale cereale), red clover (Trifolium pratense), and white clover (Trifolium 
repens). The vegetation of these species differ in their nutrient composition, and planting date 
influences the amount of growth cover crops accumulate before waterfowl arrive in fall (Temple 
et al., 2001). In order to manage cover cropped fields for migratory waterfowl, both as feeding 
habitat and as potential AFAs, we need to increase our understanding of the interaction 
between crop type, planting date, and density of waterfowl supported. In this study, we 
determine the capacity of several different cover crop species to support migratory waterfowl. 
We further compare the number of waterfowl supported by cover crops to perennial forage 
fields.  We also determine the influence of planting date on the density of waterfowl supported 
by cover crops.  
 

2. Methods 
2.1 Study area  

The study area was located on the farmland of the Fraser River delta, in southwestern British 
Columbia (Figure 1). The region is part of the Georgia Depression, and is characterised by 
marshes, mudflats, and dyked farmland on the alluvial deposits. Our study focused on farm 
fields in the district municipality of Delta, predominantly in western Delta on Westham Island and 
Brunswick Point. There are adjacent foreshore marshes and tidal habitats, with Roberts Bank to 
the west and Boundary Bay to the east. The area is known for warm summers and cool, wet 
winters. The mean daily temperature during our study period, between October to April, is 
between 3.3°C and 10.1°C, with an average of 4.5 days below 0°C, and a mean of 134.9 mm of 
precipitation per month, (Environment Canada, 2012). As of 2008, close to 10,000 hectares of 
agricultural land within Delta were protected as part of British Columbia’s Agricultural Land 
Reserve, accounting for approximately 55% of Delta’s land base (Corporation of Delta, 2008). 
The farmland is fertile and grows a variety of crops; in 2006 on farmland there were 1,835 
hectares of pasture and hay, 1,755 hectares of mixed vegetables, 1,660 hectares of potatoes, 
678 hectares of berries and 352 hectares of grain (Corporation of Delta, 2008). Approximately 
1,200 hectares of farmland are cover cropped annually, a practice promoted and funded by 
Delta Farmland & Wildlife Trust.  



 
Figure1: Map of the Fraser River delta. Agricultural fields are denoted by black outlining; fields 
that were sampled during the study are shaded in grey. 
 
2.2 Field sites 

We monitored cover crops and perennial forage fields, including winter wheat, spring barley, fall 
rye, and clover. Due to a limited number of replicates, red and white clover fields were pooled. 
In 2009-2010 we collected data from 10 spring barley cover crop fields, 5 perennial forage 
fields, and 10 winter wheat cover crop fields. In 2010-2011 we collected data from 6 spring 
barley cover crop fields, 4 clover cover crop fields, 4 fall rye cover crop fields, 7 perennial forage 
fields, and 2 winter wheat cover crop fields. In 2011-2012 we collected data from 11 spring 
barley cover crop fields, 5 clover cover crop fields, 2 fall rye cover crop fields, 6 perennial forage 
fields, and 5 winter wheat cover crop fields.  
 
On each study field we set up a 305 meter transect with ten permanent plots. Each transect 
began at one corner of the study field and went diagonally across the field. We placed ten flags 
30.5 meters away from one another along the transect, beginning 30.5 meters from the corner 
of a field. In fields that were too small for a 305 meter transect we placed one or two flags off to 
the side, 30.5m from the center of the transect. We placed an inconspicuous bamboo stake, 
approximately 30 cm long, 3.1 meters from each flag perpendicular to the direction of the 
transect, on alternating sides. The bamboo stake functioned as the center point of our 
permanent plot. 
 
 



2.3 Waterfowl pellet counts 

In order to quantify the number of waterfowl feeding on different farm fields, we used faecal 
pellet counts (hereafter referred to as pellet counts). Because waterfowl are known to defecate 
at a consistent rate, this method can be used to measure the amount of time ducks and geese 
have spent on a field. This method has been used by other researchers (Bédard and Gauthier, 
1986; McKay et al., 2001; Owen 1971), but is not applicable for determining food volume 
consumed in highly digestible food types (Amano et al., 2004). Pellets from waterfowl tended to 
be indiscernible between species, especially between mallard and snow goose, and between 
mallard and American wigeon. Therefore we classified all pellets simply as ‘waterfowl.’  
 
Every week we counted and removed pellets on a 1.17m2 circular area around each bamboo 
stake. The total surveyed area of each field was 11.7m2, with the exception of two clover fields 
in 2010-2011 which were too small to accommodate ten plots and had eight instead, thus a total 
area of 9.36m2.  In a one week trial we found that there was a loss of 30% of pellets from wet 
areas (n=20, 95% confidence interval 19% to 41%). In order to address the issue of field 
flooding, we excluded plots within a field that had 40% water or more, and used pellet counts 
from the remaining plots on a field to calculate pellets/m2 for the field.  
 
2.4 Vegetation 
In all study years we measured the sward height of vegetation at four points in the permanent 
plot. Each measurement was taken 30 cm from the center bamboo stake at the polar 
coordinates. In 2009 we estimated percent cover and percent water to the nearest percent if 
>95 % or <5 %, and to the nearest 5% for any value in between. For the 2009-2010 field season 
we began recording percent water in January 2010. In 2010 and 2011 we estimated to the 
nearest 5 percent the amount of the plot that fit into eight structural/vegetation categories: 
forage grass, cereal grass, other live vegetation, clover, dead vegetation above 5cm, dead 
vegetation below 5cm, bare, and water. If the vegetation was sticking out above the water, the 
height to the soil was recorded.  
 
2.5 Study time period 

In order to standardize years for comparison, we considered weekly data from 24 weeks of data 
collected from Oct 26, 2009 to April 18, 2010, Oct 25, 2010 to April 17, 2011, and October 24, 
2011 to April 15, 2012. In 2010-2011 we did not have data for the first week (October 25, 2010 
to Oct 31, 2010) but assume that data collected from the next week (November 1 to November 
7, 2010) also counts any pellets from the first week. We did not collect data from December 21 
to 27, 2009, December 20 to 26, 2010, and December 26, 2011 to January 8, 2011. We assume 
that data from the subsequent week also counted any pellets deposited during that time.  
 
2.6 Statistical analysis 
We performed ANOVA followed by Tukey’s Honestly Significant Difference (HSD) to test 
differences between cover crop types and years. We used General Linear Models to assess the 
relationships between vegetation height, waterfowl pellets, and planting date, followed by 
Tukey’s HSD if there was a statistically significant difference between categorical variables for a 
given parameter. Statistics reported for ANOVAs, linear regressions, and Student’s t tests are F 
values/t ratios, degrees of freedom for treatment and error, and p values. We performed 
matched pairs analysis comparing early and late season, and the report t ratios, degrees of 
freedoms, and p values. All analyses were assessed using an alpha of 0.05. All statistical 
analysis was performed using JMP 10 software (SAS Institute Inc., 2012). 
 
 
 



3. Results 
3.1 Waterfowl use by crop type 

We pooled data from the three years of study to test whether there were any significant 
differences between crop types. The crop types were spring barley (n=27), clover (n=9), fall rye 
(n=6), perennial forage (n=18), and winter wheat (n=17). There was no significant difference 
between crop types (F=1.1303, d.f.=4, 72, p=0.3491). Testing the effect of study season 2009-
2010 (n=25), 2010-2011 (n=23) and 2011-2012 (n=29) showed no differences (F=0.5844, 
d.f.=2, 74,  p=0.5600), so we pooled all data from the three years for subsequent analyses. 
 
3.2 Planting date by crop type 
We tested for differences in planting date between crop types. Spring barley (n=26) had a mean 
planting date of September 3, fall rye (n=5) of September 1, and winter wheat (n=17) of 
September 17 (F=7.5007, d.f.=2, 45, p=0.0015). The only statistically significant difference was 
between winter wheat and spring barley; comparing the planting date of spring barley and winter 
wheat showed that spring barley was planted 14 days earlier (t Ratio=3.689503, d.f.=1, 41, one-
tailed p=0.0003). 
 
3.3 Planting date and waterfowl pellets 

We investigated the relationship between the planting date of a cover crop and how many 
waterfowl the field supported. For cereal cover crops with known planting dates we ran a model 
with crop type, planting date, and an interaction term (crop type * planting date) as variables. 
The results were significant (F=2.5954, d.f.=5, 42, p=0.0392), with an r2=0.24. Field type was 
not significant (F=2.9979, d.f.=2, 42, p=0.0607) although winter wheat had a least squared 
mean value of 54  pellets, compared to 27 for spring barley and 26 for fall rye. Planting date 
alone was not significant (F=0.0619, d.f.=1, 42, p=0.8047) and the interaction term between 
crop type and planting date was significant (F=3.5235, d.f.=2, 42, p=0.0385). An interaction 
profile for planting date showed a positive relationship for spring barley, a neutral relationship for 
fall rye, and a negative relationship for winter wheat. We analyzed spring barley, fall rye and 
winter wheat separately to determine the relationship between planting date and number of 
pellets. A linear regression for spring barley was not significant (F=2.0964, d.f.=1, 24, 
p=0.1606), nor was the regression for fall rye (F=0.0002, d.f.=1, 3, p=0.9903). The linear 
regression for winter wheat was significant (F=5.5411, d.f.=1, 15, p=0.0326), with an r2=0.27. 
 
3.4 Vegetation height and the effect of planting date 
We used vegetation height from October except in fields where there was no October data, in 
which case we used values from November (n=5). Winter wheat had significantly lower mean 
vegetation height than clover, perennial forage, and spring barley (Figure 2) (F=5.0310, d.f.=4, 
72,  p=0.0012).  



 
Figure 2: Mean vegetation height per crop type in October, with 95% confidence intervals. 
Columns with different letters above differ significantly. 
 
For cover cropped fields for which we knew the planting date (spring barley, fall rye, winter 
wheat) we ran a model to determine the significance of planting date on vegetation height. 
When we predicted the vegetation height based on planting date, crop type, and planting date * 
crop type, the model had significant fit (F=12.0326, d.f.=5, 42, p<0.0001). Planting date was 
significant (F=28.3412, d.f.=1, 42, p<0.0001), field type was not significant (F=0.9257, d.f.=2, 
42, p=0.4042) and the field type*planting date was significant (F=3.6233, d.f.=2, 42, p=0.0353). 
A linear regression of vegetation height and planting date was significant for winter wheat 
(Figure 3) (F=17.7434, d.f.=1, 15, p=0.0008, r2=0.54) and for spring barley (Figure 4) 
(F=20.4019, d.f.=1, 24, p<0.0001, r2=0.46), but not for fall rye (F=4.9404, d.f.=1, 3, p=0.1128). 
The predicted vegetation height for spring barley was greater than winter wheat at early planting 
dates (Figure 5); at planting date 230 (August 19), the model predicts spring barley to be 12.9 
cm taller than winter wheat.  



 
Figure 3: The relationship between vegetation height and Julian planting date for winter wheat. 
For planting dates before 268 (September 26), the planting date threshold, vegetation is more 
likely to grow higher than 5 cm. 
 

 
Figure 4: The relationship between vegetation height and Julian planting date for spring barley. 
For planting dates after 247 (September 5), the planting date threshold, vegetation is more likely 
to remain below 16cm. 



 
Figure 5: Relationship between vegetation height and Julian planting date for spring barley 
(dotted line, open circles) and winter wheat (solid line, solid squares). Shaded areas represent 
95% confidence intervals. 
 
3.5 Vegetation and waterfowl pellets 

We produced a model predicting the number of waterfowl pellets using variables October 
vegetation height, crop type, and an interaction term (October vegetation height * crop type) for 
field types spring barley, clover, fall rye, perennial forage, and winter wheat. The model had a 
significant fit (F=2.8594, d.f.=9, 67, p=0.0065, r2=0.28). The variable crop type was significant 
(F=3.1900, d.f.=4, 67, p=0.0185), and the only statistically significant difference was between 
winter wheat (LSM 69 pellets/m2) and spring barley (LSM 25 pellets/m2). October vegetation 
height was not significant (F=0.0433, d.f.=1, 67, p= 0.8359), and the interaction term October 
vegetation height * crop type was significant (F=4.2868, d.f.=4, 67, p=0.0038). 
 
We ran a linear regression for October vegetation height and pellets/m2 (spring barley, n=27; 
clover, n=9; fall rye n=6; perennial forage, n=18; and winter wheat, n=17) to test whether a 
greater vegetation height led to more or less waterfowl use. The p values for clover, fall rye, and 
perennial forage were not significant (F=0.4131, d.f.=1, 7, p=0.5409; F=0.0833, d.f.=1, 4, 
p=0.7872; F=1.2583, d.f.=1, 16, p=0.2785 respectively). The p values for spring barley and 
winter wheat, were significant (F=14.1374, d.f.=1, 25, p=0.0009 and F=7.5561, d.f.=1, 15, 
p=0.0149 ), and had opposite slopes (Figure 6 and Figure 7).  
 



 
Figure 6: Linear regression of vegetation height and pellets/m2 for winter wheat. Note the 
vegetation height threshold, below which there is comparatively little use by waterfowl (shaded 
area).  
 

 
 
Figure 7: Linear regression of vegetation height and pellets/m2 for spring barley. Note the 
vegetation height threshold, above which there is comparatively little use by waterfowl (shaded 
area). 



 
3.6 Plant life history 
The life histories of spring barley and all other crop types are different; winter wheat, fall rye, 
clover, and perennial forage remain alive throughout the study season, whereas spring barley is 
susceptible to frost and dies part way through the winter (Figure 8). A matched pairs analysis 
showed that for spring barley between October and February there was both a statistically 
significant decrease in percent live cereal grass from 58% to 8% (t ratio=-6.04892, d.f.=16, 
p<0.0001) and a statistically significant increase in percent dead vegetation from 4% to 31% (t 
ratio=5.100076, d.f.=16, p<0.0001). For comparison, percent live cereal grass of winter wheat 
decreased from 30 % to 19 % (t ratio= -1.80615, d.f.=6, p=0.1209) and dead vegetation 
increased from 4% to 6% (t ratio=2.428914, d.f.=6, one-tailed p=0.0256). 
 

 
Figure 8: Spring barley mean monthly percent live cereal grass and dead vegetation with 95% 
confidence intervals. Data from 2010-2011 and 2011-2012 (n=17). 
 
3.7 Early and late season waterfowl use by crop type 
We tested if crop types support similar numbers of waterfowl in the early and late season. We 
did a matched pairs analysis of early season pellets (approximately October 25 to February 20) 
and late season pellets (approximately Feb 21 to April 15) for all other crop types in our study. 
We divided total number of pellets in each time period by the number of weeks to standardize 
the units to pellets/m2week, enabling meaningful comparisons (Figure 9). Spring barley, 
perennial forage, and winter wheat all had statistically significant differences between early and 
late season (spring barley t ratio=-2.83858, d.f.=26, p=0.0043; clover t ratio=0.173232, d.f.=8, 
p=0.8668; fall rye t ratio=-0.41762, d.f.=5, p=0.3468; perennial forage t ratio=4.508223, d.f.=17, 
p=0.0002; winter wheat t ratio=-2.06605, d.f.=17, p=0.0272). 
 



 
Figure 9: Mean pellets/m2week for early season (black) and late season (grey) for different crop 
types; the paired columns with stars differ significantly. 
 
3.8 Waterfowl use and vegetation height by crop type in early and late season 
We tested whether some crop types receive more waterfowl use than others in two time 
periods, early and late season. During the early season waterfowl use was not different between 
crop types (F=1.0923, d.f.=4, 72, p=0.3669). Also, the only statistically significant difference in 
vegetation height was winter wheat being lower than all other field types (Figure 2). However, 
for the late season there was a significant difference of waterfowl use between crop types 
(F=7.5956, d.f.=4, 72, p<0.0001); perennial forage had more pellets/m2week than spring barley 
or winter wheat (Figure 10). For late season vegetation (measurements taken in mid February), 
vegetation height was significantly different by field type (F=19.7125, d.f.=4, 72, p<0.0001). 
Perennial forage was significantly higher than all other field types (Figure 11).  



 
Figure 10: Late season pellets/m2week by crop type, with 95% confidence intervals. Crop types 
with different letters differ significantly. 

 
Figure 11: Late season mean vegetation height by crop type, measured in February, with 95% 
confidence intervals. Crop types with different letters differ significantly. 
 



4. Discussion 
 
4.1. Planting date and cover crop type influences field use 
Crop type alone did not detectably influence waterfowl density across the season. However, 
differences in early season grass height between cover crop species, particularly spring barley 
and winter wheat, did influence the amount of waterfowl use a field received. As spring barley 
cover crops grew taller, they supported fewer waterfowl; above a threshold of 16 cm vegetation, 
fewer waterfowl would use a field. Conversely, winter wheat cover crops supported greater 
numbers of waterfowl as grass height increased. Fields with winter wheat vegetation higher than 
5 cm supported more waterfowl than winter wheat fields with shorter vegetation. There 
appeared to be no upper limit to the height of winter wheat that waterfowl would feed on. 
 
The profitability of these two food resources may explain the differing response of waterfowl to 
crop height for spring barley and winter wheat. Grasses contain greater concentrations of 
nitrogen when young, and herbivorous waterfowl are known to select plants on the basis of 
nitrogen content (Sedinger, 1997). Though taller grass enable greater dry matter intake, shorter 
swards allow waterfowl to maximize digestible nitrogen intake. This relationship is also 
influenced by body size, with larger species able to ingest more biomass due to larger peck size 
and more powerful pecks (Durant et al. 2003). Durant et al. (2004) found that Eurasian wigeon 
Anas penelope (620 g) and barnacle goose Branta leucopsis (2000 g) selected short grass 
swards with high concentrations of nitrogen over intermediate and tall swards, whereas greylag 
goose Anser anser (3500 g) selected taller swards containing less digestible nitrogen. The three 

primary herbivorous waterfowl in our study area of similar weight to the Eurasian wigeon and 
barnacle goose (lesser snow goose: 2420 g; mallard: 1,100 g; and American wigeon: 720 g) 
and likely have similar preferences for short swards. 
 
An analysis of nutrient content of cover crops in our study area revealed that in November, 
winter wheat contains significantly higher concentrations of nitrogen than spring barley planted 
during the third week of August (Temple et al., 2001). Waterfowl may be able to maximize 
protein intake on taller stands of winter wheat compared to spring barley stands of equal height 
because of its higher nitrogen content. Spring barley above a threshold of 16 cm was utilized 
less than shorter stands is likely an unprofitable food source for herbivorous waterfowl. 
However, it is difficult to determine whether spring barley above 16 cm would be used as a food 
in the late season because the proportion of dead barley increased after January, 
corresponding with the coldest months of the winter.  
 
4.2. Capacity of cover crops to function as AFAs 
Within the municipality of Delta, an average of 320 hectares of perennial forage is damaged 
annually by waterfowl, with an average of 99 hectares requiring reseeding or over-seeding 
(Zbeetnoff and McConnell, 2007). Cover crops are likely functioning as AFAs, though their 
capacity to do so differs. The extent of waterfowl grazing on perennial forage fields that would 
occur in the absence of cover crops is unknown, since there have consistently been an average 
of 1,200 hectares of cover crops annually for the past 20 years. However, we do know that the 
availability of unharvested potatoes on local farms influences the amount of damage to 
perennial forage fields (Merkens et al., 2012). This suggests that in our study area a high value 
food source can lure waterfowl away from perennial forage fields. Additionally, Amano et al. 
(2007) showed, using individual-based models, that AFAs could be managed to reduce damage 
to economically important crops, though it was impossible to completely prevent damage. 
 



We suspect that in the early season, all cover crops are functioning as AFAs to perennial forage 
fields. Furthermore, our research shows that winter wheat planted in late August and early 
September has the potential to support more waterfowl than spring barley, and perhaps than 
perennial forage, thereby functioning as a high quality AFA. Spring barley planted after 
September has potential to function as a high quality AFA in the early season, before it is killed 
by frost.  
 
The bulk of feeding on perennial forage fields occurs in the late season. This could be due to 
the fact that it has a higher vegetation height than any other field type during the late season, 
and thus represents one of the only remaining agricultural food resources on the landscape. 
Waterfowl may also use perennial forage crops intensively in spring to take advantage of 
temporal increases in protein content, brought on by increasing daylight and warmer 
temperatures (Van der Graaf et al., 2006; Ydenberg and Prins, 1981). 
 
Of the cover crops studied, clover and early planted winter wheat have the greatest potential to 
function as AFAs in the late season. Spring barley has very limited functionality as an AFA in 
the late season because it has been killed by frost. Winter wheat did not support as many 
waterfowl in the late season, potentially because most of the crop has been depleted by that 
point. However, earlier planted winter wheat fields are able to support more waterfowl in the late 
season. There is not enough data to determine fall rye’s potential to support waterfowl in the 
late season due to a limited number of replicates, though it may be similar in capacity to winter 
wheat.  
 
Clover may have a significant potential to function as an AFA both in the early and late season. 
Not only did it support an equal number of waterfowl in the early and late season, but in the late 
season it supported more waterfowl than any other cover crop type, and perhaps even as much 
as perennial forage. This observation is corroborated by a study of brant geese (Branta bernicla 
b.), in which white clover was identified as supporting more geese than other perennial forage 

grass (McKay et al., 2001). 
 
4.3 Considering the impact of AFAs and other agricultural foods on waterfowl 
populations 

While AFAs can be a useful tool for managing waterfowl in the short term, it is important to 
consider the impact of the food resource on their populations. As waterfowl, such as geese, 
have become more reliant on agriculture in the Northern Hemisphere, there has been a 
tendency for their populations to increase (Vickery and Gill, 1999). One dramatic instance of this 
has been the exponential growth of the Mid-Continent Population of lesser snow goose, whose 
combined feeding during breeding and molting periods have severely altered tens of thousands 
of hectares of coastal salt marsh along Hudson Bay (Abraham et al., 2005; Jeffries and Drent, 
2006). Agricultural diets can facilitate increased winter survival and breeding success. Increased 
overwinter survival is facilitated by the availability of agricultural food resources on wintering 
grounds (Jeffries and Drent, 2006) and access to high-energy agricultural diets can result in 
improved body condition prior to breeding and thus increased breeding success (Alisauskas, 
2002). However, in some cases agricultural diets may not meet protein requirements for staging 
geese prior to breeding and have been shown to negatively affect breeding success (Prop and 
Black, 1998). 
 
The population of Wrangel Island lesser snow geese has fluctuated from a high of 150,000 in 
the early 1970s to lows of 60,000 in the late 1970s and early 1990s (Pacific Flyway Council, 
2006). However, since the early 1990s, the population has again climbed, reaching a peak of 
approximately 150-160,000 individuals in 2011 (Canadian Wildlife Service Waterfowl 



Committee, 2011). The proportion of Wrangel Island snow geese wintering on the lower Fraser 
has increased since the 1970s as well, and a record high of almost 100,000 birds was recorded 
in 2006 (Canadian Wildlife Service Waterfowl Committee, 2011). There is evidence that the 
larger overwintering population of lesser snow geese is degrading foreshore marshes of the 
Fraser River (Demarchi, 2006). For dabbling ducks it is more difficult to make assessments of 
population trends, but Christmas Bird Count data up to 2009 indicate that local populations of 
American wigeon and northern pintail are stable, and mallard populations are increasing. It has 
yet to be determined whether the presence of agriculture on the Fraser delta is responsible for 
the local overwintering population increase of snow geese, or the extent to which cover crops 
may contribute to increasing waterfowl populations. It is unknown how, if at all, perennial forage, 
vegetable residues, and cover crops reduce winter mortality or influence the body condition and 
subsequent breeding success of waterfowl staging and wintering on the Fraser River delta. 
 
Despite agricultural habitat’s considerable potential to support waterfowl, there is no certainty 
that waterfowl populations will be secure in the long term. Jeffries and Drent (2006) observed 
that geese are heavily dependent upon farmland food sources and are thus "captives of 
agricultural policy.” With the decline of traditional marsh habitats on the Fraser River delta, 
waterfowl are now inextricably linked to the availability of agricultural food resources. Migratory 
waterfowl populations are reliant on the availability of food on agricultural land, which in turn 
depends upon the presence of viable, open-soil farming operations and co-operative 
management strategies such as the Winter Cover Crop Stewardship Program. 
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