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A B S T R A C T

Conflicts between waterfowl and agriculture are common in many nations around the world. However, these
birds can also provide a variety of benefits that humanity can obtain from nature. There are three migratory and
endemic sheldgeese (Ruddy-headed Goose Chloephaga rubidiceps, Ashy-headed Goose Chloephaga poliocephala
and Upland Goose Chloephaga picta) which are species of conservation concern in Argentina. Sheldgeese are in
constant conflict with the agricultural practices in the Pampas region of Argentina. The objective was to measure
possible damages and benefits due to geese grazing on winter wheat crops during different growth stages, in the
southeast of Buenos Aires province, Argentina. We established a stratified random plot design in nine fields,
where we placed geese exclosure plots and plots without exclosure, allowing sheldgeese to graze. From May to
September, we visited each field every two weeks. We performed transects where we counted and collected feces
in order to estimate the grazing intensity. We analyzed the total concentration of Nitrogen (N) and Phosphorus
(P) in the feces in the period before and after the wheat emergence. We also performed microhistogical analysis
to evaluate sheldgeese diet in these two periods. During the crop growth and at harvest, we evaluated possible
damages (wheat cover, percentage of eaten plants, percentage of eaten tillers, chlorophyll content, grain yield
per plot, harvest index, weight of 1000 grains) and benefits (number of tillers per plant, percentage of weed
cover, protein content) of geese grazing. We found that sheldgeese grazing varied along the different visits and
among the experimental fields. Geese grazing negatively affected the wheat cover but there was no effect on the
final yield. The input of nutrients provided by sheldgeese feces was higher in the period after the crop emer-
gence, when they only ate wheat. Results on the birds’ diet showed that they fed on weeds before wheat
emergence thus providing an ecosystem service. In this study, we found elements that could help to shed light on
the real impact of sheldgeese in crops and discovered some benefits that these birds could be providing to crops
in the Pampas ecoregion.

1. Introduction

Conflicts between waterfowl and agriculture are common in many
nations around the world (Amano et al., 2004; Borman et al., 2002;
Pedrana et al., 2014; Petkov et al., 2017). Geese feed on high-quality
forage in agricultural lands (Fox and Abraham, 2017; Owen, 1972a)
and are accused of reducing agricultural production in grasslands and
annual crops (Owen, 1990; Petkov et al., 2017; Wallin and Milberg,
1995). However, farmers generally overestimate the effect of grazing

geese on crop yields (Macmillan et al., 2004). Peoples’ responses to the
negative interaction with wildlife vary considerably. There are nu-
merous factors to take in consideration, including how accurately the
level of damage is evaluated and how severe the damage is considered
to be, both of which impact on the perceived level of conflict (Dickman,
2010; Simonsen et al., 2017). As a first step towards resolving the
human-geese problem, we need to evaluate the level of damage caused
by rigorously measuring the effects on the crop yield. Therefore, dif-
ferent parameters such as crop growth stages, locations, timing and
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grazing pressures should be taken into account (Fox et al., 2017;
Macmillan et al., 2004; Nilsson et al., 2016; Petkov et al., 2017).

In order to comprehend the integrated agriculture-sheldgeese con-
flict, we have to take into consideration not only the damages but also
the benefits these birds can be providing to agricultural ecosystems.
Agricultural ecosystems are primarily managed to optimize the provi-
sioning of food, fiber, and fuel (Zhang et al., 2007). These ecosystems
depend upon a wide variety of supporting and regulating services
(Millenniu Ecosystem Assessment (MA), 2005; National Research
Council (NCR), 2005) that determine their underlying biophysical ca-
pacity (Wood et al., 2000). Waterfowl such as geese can provide a
variety of benefits or Ecosystem Services (ES) (Green and Elmberg,
2014). An ES is a benefit that humanity can obtain from a natural
process of the ecosystem (Díaz et al., 2005; Whelan et al., 2008). Three
types of ES can be defined under the guidelines of the Common Inter-
national Classification of Ecosystem Services (CICES version 4.3)
(Haines-Young and Potschin, 2013): 1) Provisioning such as food,
feathers, fuel, fiber and medicines; 2) Regulation and Maintenance such
as pollination, seed dispersal, pest control, nutrient cycling and soil
formation; and 3) Cultural such as aesthetic, spiritual, educational and
recreational (Haines-Young and Potschin, 2013). There are examples of
geese providing meat (subsistence hunting for livelihood, recreational
shooting) (Buij et al., 2017; Green and Elmberg, 2014) and in sup-
porting and regulating services which are recorded in several studies.
Geese can promote nutrient cycling (Navedo et al., 2015) and increase
the decomposition of the residual surface of crops with their grazing
(Bird et al., 2000; van Groenigen et al., 2003). Birds’ aggregation can
contribute to the input and nutrient flow of an ecosystem (Josens et al.,
2009; Whelan et al., 2008) and act as links between two habitats
(Manny et al., 1994; Sekercioglu, 2006). Geese and other waterfowl
provide cultural services, acting as flagships of conservation and the
human interest in watching waterfowl during migration or in wintering
sites has helped the protection of some of their habitats (Green and
Elmberg, 2014).

The Pampas region in Argentina is a temperate grassland ecosystem
and one of the richest agricultural areas of the world, covering about
fifty-two million hectares of productive organic soils (Solbrig, 1997;
Soriano, 1991). In the last decades, most of the original grasslands were
replaced by croplands, mainly soybean, and sown pastures for livestock
(Aizen et al., 2009; Grau et al., 2005). These changes had negatively
affected many native species and the ES that could have been obtained
(Azpiroz et al., 2012; Codesido et al., 2011). The three migratory and
endemic species of sheldgeese (Ruddy-headed Goose Chloephaga rubi-
diceps, Ashy-headed Goose Chloephaga poliocephala and Upland Goose
Chloephaga picta) are clear examples of this. These birds remain in their
wintering areas in the southern Pampas (Argentina) from May to Sep-
tember, and breed in southern Patagonia (Argentina and Chile) from
October to April (Pedrana et al., 2015, 2018a). Sheldgeese are herbi-
vorous and usually feed on pastures or cereal crops (Martin et al., 1986;
Summers and Grieve, 1982; Summers and McAdam, 1993) causing
constant conflict with the agricultural activities. In 1931, the Argentine
government declared sheldgeese as an “agriculture plague” and allowed
hunting of the three species without restriction throughout its entire
distribution (Blanco et al., 2003; Blanco and De la Balze, 2006; Chebez,
2008; Martin et al., 1986). In 2008, the Ruddy-headed Goose was listed
as “Critically Endangered”, Ashy-headed Goose as “Endangered”, and
Upland Goose as “Vulnerable” (López-Lanús et al., 2008) and hunting
was forbidden due to the estimates of the last decade that indicated a
dramatic decline in numbers (Blanco et al., 2003; Chebez, 2008;
Pedrana et al., 2018b).

To resolve the human-wildlife conflict not only an ecological but
also a social-economic approach should be considered (Tscharntke
et al., 2005). It will involve an understanding between managers and
stakeholders (Tombre et al., 2013) and a solid assessment of the degree
of crop yield reductions caused by grazing geese. Also, an evaluation of
the benefits these species might provide to agricultural ecosystems

(Balvanera et al., 2006; Sekercioglu, 2006) could help alleviate the
conflict. Previous studies of sheldgeese in the area show that there is no
evidence of significant damage to the crop due to sheldgeese grazing
(Omaña, 2016; Tracanna and Ferreira, 1984). However, there is a dis-
cord between the perceived problem of geese grazing on wheat yields in
the Pampas ecoregion and the actual problem so the agriculture-
sheldgeese conflict continues (Blanco et al., 2003; Pedrana et al.,
2018b). In order to help solve this disagreement, we measured potential
damages due to sheldgeese grazing on winter wheat during the growth
stages and yield crop. We also calculated the probable benefits provided
by these species in the southeast of Buenos Aires province, Argentina.

The present study has the following specific objectives: 1) to
quantify the potential damages of sheldgeese grazing on the wheat
cover, the percentage of eaten plants and tillers, the chlorophyll content
and yield determinations during the different stages of wheat; 2) to
evaluate if there are differences in these measurements with different
grazing intensity; 3) to quantify the probable benefits provided by
sheldgeese in terms of nutrients input (natural fertilizer), percentage of
weed cover and items in the diet (weed controller), and number of tiller
per plant (a tillering effect) on wheat production.

2. Materials and methods

2.1. Fields and experimental plots

This study was conducted in nine experimental fields in Buenos
Aires province (Fig. 1a), in the plains of the Austral Pampas (Fig. 1b)
(Bilenca and Miñarro, 2004; Cabrera, 1994). This area is characterized
by low to moderate undulations (Bilenca and Miñarro, 2004; Soriano
et al., 1991). Pristine vegetation was dominated by grassland steppes of
several species of Stipa spp. and Piptochaetium spp. (Soriano et al.,
1991). Nowadays, the land has been intensively modified by anthro-
pogenic activities, with large areas of cereal crops and pastures (Paruelo
et al., 2001). The mean annual temperature is 10–20 °C and the mean
annual rainfall is between 400 and 1600mm (Soriano et al., 1991). The
fields were located in Tres Arroyos (38°22′26″ S and 60°16′47″ W) and
San Cayetano departments (30°7′59.99″ S and 66°40′59.99″ W)
(Fig.1c), which are part of the IV Region of the wheat production
(Abbate et al., 2017). The nine experimental fields were within the
highest habitat suitability area of all sheldgeese species (Pedrana et al.,
2014) (Fig. 1d). The habitat suitability areas for sheldgeese were de-
fined by Pedrana et al. (2014) as areas of low elevation surrounded by
waterbodies. Landscapes composed of croplands and grazing fields are
preferred environments, while centers of human activity (regions with
greater road accessibility) have a negative impact on the species dis-
tribution (Pedrana et al., 2014). All fields were cultivated with wheat
and had similar management and agricultural practices (Table A.1,
Appendix). Diammonium phosphate (DAP) was applied at planting
(100–150 kg/ha) and Nitrogen fertilizer was applied in the tillering
stage of the crop (150–200 kg/ha). In addition, herbicides were applied
at different stages of the crop.

In May 2017, we established a stratified random plot design in each
field. We placed exclosure plots to avoid geese grazing (hereafter con-
trol plots, n= 47) and plots without the exclosure (hereafter grazing
plots, n= 116). More plots without exclosure were placed in the fields
because at the beginning of the study we could not predict in which
plots sheldgeese were going to feed. The number of experimental plots
on each field varied based on the size and shape of each of them (Table
A.1, Appendix). All 1m2 plots included five rows of wheat. Control and
grazing plots were separated at least 100m from each other. In the
control plots, we placed cages of thin wire of 1× 1 x 0.40m with a
29 x 10 cm rectangular mesh. Previous studies showed that there was no
effect on bird grazing around the cages (Omaña, 2016). As sheldgeese
are almost the only species on the area that formed big flocks in winter
and have a territorial behavior (Pedrana et al., 2014), we assumed that
grazing effect of other bird species was negligible in this study. The
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grazing plots were marked with small stakes, so we could find them in
all posterior visits. Placement of marking stakes has been found to have
no effect on geese grazing in pastures (Owen, 1972a) and crops
(Omaña, 2016). Each plot was separated more than 50m from the edge
of the field to reduce the edge effect (Van Der Graaf et al., 2005). After
geese departure, the cages were removed and all plots were marked
using tall wooden posts. From May to September, we visited each field
every two weeks, performing in total six visits. The first (30thMay
2017) and second visits (15th June 2017) were done before the crop
emerged and sheldgeese have already arrived to the study area. The
3rdvisit corresponded to the pre-tillering stage (1st July 2017) and the
4th (24th July 2017) and 5thvisit (15th August 2017) were done during
the tillering stage (Miralles et al., 2014). The last visit (6thvisit, 1st
September 2017) was done during the late tillering stage and
sheldgeese had already migrated. All these visits corresponded to the
vegetative stages of wheat. We manually harvested all plots in De-
cember (15th–20th December 2017), when the wheat had reached
physiological maturity.

2.2. Sheldgeese grazing intensity

To estimate sheldgeese grazing intensity in each field and in every
visit, we performed a line transect which was randomly distributed to
cover all different environments inside each field. The transect length
was proportional to the size of each field (mean length= 4.25 ±
1.31 km) and the width was 4m. In each transect, we counted and

collected all fresh sheldgeese feces in every visit. Goose droppings re-
main visible for at least two weeks depending on the environmental
conditions and dropping densities provide a good indicator of the
goose-use over an area (Madsen and Boertmann, 2008). Grazing in-
tensity was estimated independently from the plots. To estimate the
density of sheldgeese (grazing intensity) in each field in every visit we
did the following calculations. First, we used the number of feces
counted on each transect and then we extrapolated to the size of each
field. Thus, we obtained the number of feces per area of each field.
Secondly, we multiply this number by the defecation rate of the Upland
Goose calculated as one feces every 4min (Summers and Grieve, 1982).
We used the defecation rate of the Upland Goose because it was the
most abundant species of the three sheldgeese. Then we multiply by the
8 h per day that sheldgeese spend grazing (Personal observations) to
estimate the number of sheldgeese in each field. Similar studies have
used dropping density as an indicator of grazing pressure on the fields
(Bachman, 2008; Owen, 1972b).

2.3. Potential damages of sheldgeese grazing on wheat

We measured wheat cover at ground level performing a digital
analysis of photographs (Mullan and Barcelo Garcia, 2012) during the
period where the sheldgeese were in the study area (3rd, 4th and 5th
visit). To obtain the photograph, we constructed a lightweight
mounting of wood, which consisted of a vertical stake of 150 cm and a
horizontal one of 50 cm long. At the end of the horizontal stake, we

Fig. 1. A) Map of Argentina (grey) and Buenos Aires province
(black). B) Location of the Austral Pampas (black) in the Buenos
Aires province (white) and San Cayetano and Tres Arroyos de-
partments (grey). C) Map of San Cayetano and Tres Arroyos de-
partments with the main urban areas (white circles), the experi-
mental fields (black circles) and the roads (white lines). The colors
represent the category of the habitat suitability areas suggested by
Pedrana et al. (2014). D) Habitat suitability map of all sheldgeese
species in the southeast of Buenos Aires province (Figure modified
from Pedrana et al., 2014) and San Cayetano and Tres Arroyos
departments (delimited with white lines).
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mounted the camera pointing vertically downward 1.5m above the
ground. This configuration allowed us to take color photographs
(4128×3096 pixel) of each plot (Louhaichi et al., 2001). We analyzed
the photographs using the free software ImageJ (Ferreira and Rasband,
2012; Schneider et al., 2012). Firstly, we adjusted the different para-
meters of the image (threshold of hue, brightness and saturation). To
separate the wheat plants from the soil, we used the “Default thresh-
olding method” (Ferreira and Rasband, 2012). We used the same values
of these parameters for each visit and each field because of changing
light and environmental conditions of the field. Secondly, we trans-
formed this image into a black (representing the plants) and white
(representing the dark soil) picture. Since the moisture content of the
soil surface can varied throughout the field and thus, changing the
threshold value, we examined the original photograph and the black
and white classification side by side on a computer screen and adjusted
the threshold until the classification was acceptable. Finally, we cal-
culated the total area of the image and the area occupied by the dark
pixels (plants) and obtained the percentage of vegetal cover.

In each plot, we counted the total number of plants and eaten plants
(i.e. plants that have a fraction of their leaves cut by sheldgeese) to
obtain the percentage of eaten plants per plot (another indicator of
sheldgeese grazing) in the 3rd, 4th and 5th visit.

The content of chlorophyll in the leaves was measured in a non-
destructive and indirect way using a portable handheld optical meter
(SPAD) on the standing crop. The SPAD measures the chlorophyll
content through light transmittance and compensates for differences in
the thickness of the sheet. This content is an indirect measurement of
the nutrient status of the plant (Filella et al., 1995; Mullan and Mullan,
2012). To determine if the chlorophyll content varied between the
control and grazing plots over time, we performed two measurements
in each plot. The first measurement was done in the first week of the
vegetative stage (3rd visit) and the second one, in the late tillering stage
(6th visit) (Gandrup et al., 2004). Each measurement was the average of
the chlorophyll content of five plants randomly chosen.

The percentage of eaten tillers was evaluated in the late tillering
stage (6th visit) by collecting 30 cm of plants of each plot (10 linear
centimeters of each one of the three central rows). We gathered each
plant with the root in order to identify the number of tillers of each
plant. The samples were placed in paper bags to allow the moisture to
escape. We counted the total number of tillers per plant and the number
of eaten tillers (i.e. tillers that have a fraction of their leaves cut by
sheldgeese) in the lab to obtain the percentage of eaten tiller per plot.

In December, when the crop reached physiological maturity, we
manually harvested samples of each plot. On one hand, we harvested
30 cm of wheat (10 linear centimeters of each one of the three central
rows), cutting all the plants without the root. We recorded fresh and dry
weight of the samples after drying them in a drying oven with constant
temperature (60–65 °C for 48 h). We counted the number of spikes and
the sample was threshed to get the dry weight of the grain. With this
information, we were able to calculate the grain yield per plot (Kg of
grain per plot) and the harvest index (HI= dry weight of the grain/ dry
weight of the plant). On the other hand, we cut only the spikes of 60 cm
of each of the three central rows of the plot, and let the samples air dry
and threshed them. One part of the 60 cm sample was dried in an oven
(60–65 °C for 48 hs) to obtain the weight of 1000 grains and the number
of grain per m2. The other was used to obtain protein content (see
Section 2.4).

2.4. Probable benefits of sheldgeese grazing on wheat

We collected fresh feces in each transect (see Section 2.2) during
each visit and refrigerated them in individual plastic bags. We then
pooled 15 feces in one sample in order to increase the volume. The feces
were analyzed to evaluate the total concentration of Nitrogen (N) and
Phosphorus (P) at the Soil Fertility Lab of INTA EEA-Balcarce. N con-
centration was determined using dry combustion and N thermo-

conductivity detections (LECO, 2010) and the P concentration was
measured colorimetrically by the method of Murphy and Riley (1962).
We compared the nutrient input of sheldgeese feces in two contrasting
situations when sheldgeese were grazing in the fields before and after
the wheat emergence. Taking into consideration that the defecation
rate for these species is 1 feces per 4min and that sheldgeese graze
constantly during 8 h per day, we extrapolated the concentration of N
and P using the density estimation for the three species in the high
suitability area (density estimation=0.2 in./ha, Pedrana et al., 2018b,
Fig. 1d).

A microhistological analysis of 30 fresh feces before and 30 after the
wheat emergence (Hansen et al., 1977; Lindström, 1994) was per-
formed to evaluate sheldgeese consumption of weeds. This technique is
suitable for geese feces because they have a low digestibility rate
(Martín, 1984; Owen, 1975). Briefly, 20 slides were prepared with each
sample composed by 30 feces and 40microscopic fields at 40x were
observed in each slide (800 microscopic fields observed of each
sample). Plant identifications were made at the species level when
possible comparing with a reference collection, which was also col-
lected in the field.

We tested the effect of geese grazing on the weed cover by visually
estimating the percentage of weed cover in each plot in the 3rd, 4th and
5th visit. Since the number of weeds was very low in all plots
(1.02 ± 1.7% on average), it was impossible to evaluate them per-
forming a digital analysis of photographs (see Section 2.3).

Considering that grazing pressure at intermediate intensities can
stimulate plant production (Lorenzen and Madsen, 1986; Van Der Graaf
et al., 2005), we tested if geese grazing had a positive effect on the
percentage of tillers (tillering effect). We counted the number of tillers
per plant from the collected samples (see the percentage of eaten tillers
in Section 2.3). These samples were taken when the sheldgeese had
already migrated and the wheat was in the late tillering stage (6th
visit).

Finally, we took a sub-sample of 40 g from the 60 cm harvested
sample (see Section 2.3) and we quantify the total protein content as a
measure of the industrial grain quality. The protein content was de-
termined according to the Near Infrared Spectroscopy (NIRS) method
using an Apparatus DS 2500 (FOSS, Hillerod, Denmark).

2.5. Statistic

We tested if grazing intensities varied among the different visits and
the experimental fields using a Generalized Linear Mixed Model
(GLMM). To evaluate the effect of the timing of the visit we considered
“visit” (three level categorical variable: 3rd, 4th and 5th) as a fixed-effect
variable and “field identity” as a random effect. To evaluate the effect of
the field, we used “field identity” (categorical variable) as a fixed-effect
variable and “visit” as random effect. In addition, we tested by a LDS
Fisher the differences in grazing intensity between fields and timing of
visits.

We also used GLMMs to test the effect of treatment, grazing in-
tensity and visit using different response variables (wheat cover, per-
centage of eaten plants, percentage of eaten tillers, number of tillers per
plant, number of grain per m2, weed cover, chlorophyll content, grain
yield per plot, HI, weight of 1000 grains and proteins). We considered
three fixed-variables (two level categorical variable for treatment:
grazing and control; a continuous variable: grazing intensity, and visit)
and “field identity”, “sub-area identity” and “plot identity” when we
tested trend over time, as nested random effects. “Grazing Intensity” is
the estimated density of sheldgeese for all the plots in the fields at every
visit, calculated from the fresh feces count (see Section 2.2). At the late
tillering stage (6th visit) and at harvest, we considered the grazing in-
tensity as the cumulative density of sheldgeese recorded in each visit.
We also considered the interaction of all fixed-effects. In all the models,
we controlled the non-independence of samples from the same field by
declaring “field identity” (i.e. the identity of each field) as a random

A. Gorosábel, et al. Agriculture, Ecosystems and Environment 279 (2019) 33–42

36



effect and the non-independence of control and grazing plots located on
the same zone of the field by declaring “sub-area identity” as a random
effect. The sub-areas are zones of each field which were previously
defined due to agronomic similarities (e.g. soil depth, irrigation and
compaction). We considered the proximity of the plots inside these
zones as a random effect in order to avoid differences in the measure-
ments due to agronomic factors. To test trends over time when
sheldgeese were present in the study area (3rd, 4th and 5thvisits), we
used the fixed-effect “visit” and “plot id” (i.e. the identity of each plot)
as a random effect. We used a correlation of Compound Symmetry to
model the residuals of the random effects in each time. We evaluated all
possible models and we compared competitive ones using Akaike In-
formation Criterion (AIC). All the analysis were done in R studio (R
Development Core Team 2017) using package lme4 and nlme.

We analyzed and compared each nutrient in the sheldgeese feces in
the two contrasting situations (before and after the crop emergence)
using a T-Student test (Zar, 1984).

3. Results

We finally used 41% of the grazing plots (47/116) and 53% of the
control plots (25/47) (Table A.1, Appendix). Some of the plots were
discarded because there were no sheldgeese grazing during the entire
growth season and others were flooded. Moreover, from the original
nine fields, we finally performed the analysis in only eight of them (F9
was excluded).

3.1. Sheldgeese grazing intensity

During this study, 21 transects were done. In most of the fields we
performed one transect in each visit, except in field F2 where weather
conditions did not allow us to access the place during the 3rd visit
(Table 1). We assumed that sheldgeese used all fields, since we always
observed fresh feces in all of them.

We excluded F8 from grazing intensity analysis, since the seedtime
was at the end of the wintering season (Appendix, Table A.1).

Therefore, we only had one estimation making comparison impossible.
Thus, we only worked with seven fields. Grazing intensity significantly
varied among fields (Model 1 in Table 2) and visits (Model 2 in
Table 2). Five fields significantly differed in the grazing intensity during
the entire wintering season (LSD Fisher, p < 0.05, Fig. 2a). F1 and F3
were the most grazed fields (F1: 153 ± 31, F3: 187 ± 38; Fig. 2a). F6
and F7 were the only fields that did not differ in the grazing intensity
and the ones that had the lowest density (F6: 9 ± 2, F7: 8 ± 2;
Fig. 2a). Taking in consideration the seven fields, the grazing intensity
significantly differed between visits (LSD Fisher, p<0.05; Fig. 2b).
More sheldgeese per field were estimated in the 4thvisit (55 ± 22) and
the smallest estimation was in the 5th visit (24 ± 10; Fig. 2b).

3.2. Potential damages of sheldgeese grazing on wheat

The percentage of wheat cover significantly decreased with the
grazing intensity in all visits (Model 1 in Table3). Plots exposed to geese
grazing had significant lower wheat cover in comparison with control
plots (Model 1 in Table 3).

The percentage of eaten plants increased significantly in plots ex-
posed to geese grazing in compared with control plots, but only at the
end of the tillering stage (5th visit; Model 2 in Table 3). Also, we found
a significant effect of the grazing intensity in relation to the percentage
of eaten plants at the beginning of the tillering stage of the wheat (4th

visit), showing an increase of the percentage of eaten plants (Model 2 in
Table 3).

We found that the chlorophyll content varied between the pre-til-
lering stage (3rd visit) and the tillering stage (6th visit), showing an
increase with the crop growth (Model 3 in Table 3). In addition, we
found a non-significant effect of geese grazing (Model 3 in Table 3).

The percentage of eaten tillers significantly increased with the
grazing intensity and in plots exposed to geese grazing (Model 4,
Table 3).

There were no significant differences in treatment or grazing in-
tensity for all response variables regarding wheat yield (grain yield per
plot, harvest index, weight of 1000 grains, and number of grains)
(Model 5, 6, 7 and 8 respectively in Table 3).

3.3. Probable benefits of sheldgeese grazing on wheat

Fresh samples of sheldgeese feces before (n=270) and after
(n= 375) the wheat emergence were analyzed. The average weight of
each sample composed by 15 dried feces was 15.68 ± 1.1 g before and
12.62 ± 0.39 g after the crop emergence. We found significant differ-
ences for both nutrients between the two contrasting situations (N: t =
-5.89, df= 39, p < 0.0001; P: t = -4.72, df= 26, p < 0.0001). The

Table 1
Estimated density of sheldgeese (Chloephaga spp.) per field as a measure of
grazing intensity, calculated from the fresh feces count in the transects per-
formed in each visit on eight experimental wheat (Triticum spp.) fields, in the
southeast of Buenos Aires province, Argentina (21 transects in total, mean
length=4.25 km ± 1.31 km). Field: agricultural fields used in this study.
Visit: 3rd, 4th and 5thcorrespond to visits performed during the vegetative
stages.

Field Visit Feces per
transect

Density of feces
per field

Estimated density of
sheldgeese per field

F1 3rd 357 10473 87
4th 1304 27690 231
5th 737 20163 168

F2 4th 170 5853 49
5th 0 0 0

F3 3rd 1524 37867 316
4th 1100 18147 151
5th 735 15193 127

F4 3rd 384 11636 97
4th 109 1820 15
5th 0 0 0

F5 3rd 0 0 0
4th 1380 31724 264
5th 101 2829 24

F6 3rd 89 2920 24
4th 12 419 3
5th 0 0 0

F7 3rd 40 1163 10
4th 76 1706 14
5th 0 0 0

F8 5th 220 2366 20

Table 2
The effects of field identity and the visits (vegetative stages of wheat) on
sheldgeese grazing intensity in the southeast of Buenos Aires province,
Argentina. Parameter estimates and p values are taken from GLMM with visit
and field identity as random effect (Model 1 and Model 2 respectively). Step-
wise deletion to remove non-significant variables (interactions first) was per-
formed, such that parameter estimates and p values are for the simplest model
containing each variable.

Model Response variable Fixed effects Estimate ± SE p

1 Grazing intensity Intercept 5.03 ± 0.2 < 0.001
F2 −1.87 ± 0.15 < 0.001
F3 0.2 ± 0.06 0001
F4 −1.47 ± 0.1 < 0.001
F5 −0.52 ± 0.07 < 0.001
F6 −2.89 ± 0.2 < 0.001
F7 −3.01 ± 0.21 < 0.001

2 Grazing intensity Intercept 3.75 ± 0.41 < 0.0001
Visit 4 0.26 ± 0.06 < 0.0001
Visit 5 −0.56 ± 0.07 < 0.0001
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feces contained 1.78± 0.16% of N and 0.49± 0.02% of P before, and
3.1±0.15% of N and 0.63± 0.01% of P after the wheat emergence.
These results showed an increased in both nutrients in the period after
the wheat emergence. Based on our field observations, sheldgeese spent
at least 30 days since their arrival in the area before the wheat emer-
gence, and more than two months after the wheat emergence until they
left the wintering areas and migrated further south. The amount of
nutrients excreted by sheldgeese for the study area was estimated in
14,571 kg of N (0.01 kg/ha) and 4,077 kg of P (0.004 kg/ha) before and
44,905 kg of N (0.04 kg/ha) and 9,170 kg of P (0.009 kg/ha) after the
wheat emergence.

Microhistological analysis of sheldgeese feces before the wheat
emergence showed that these birds forage on at least 13 species of
plants, all of them considered weeds (Table A.2, Appendix). The
Poaceae (34.82%) and Scrophulariaceae (21.81%) were the most con-
sumed families; and Loliumsp (30.5%) and Veronica arvensis (21.8%)
were the most eaten species. The samples from the period after the crop

emergence showed that they consumed only wheat.
Weed cover did not show any differences between grazing and

control plots nor with the grazing intensities in each visit (Model 1, 2
and 3 in Table 4).

The number of tillers per plant did not vary significantly between
grazing and control plots, neither with the grazing intensity (Model 4 in
Table 4).

Finally, we found that the protein content of the grains had a small
but significantly increased in grazing plots, but did not vary with the
grazing intensity (Model 5 in Table 4).

4. Discussion

Around the world, populations of geese are increasing, overlapping
their feeding areas with agricultural fields, thus increasing the areas of
conflict (Fox and Madsen, 2017; Nilsson et al., 2016). On the contrary,
in Argentina sheldgeese are dangerously declining. Although hunting is
banned, the sheldgeese conflict on the Pampas ecoregion still remains
(Blanco et al.,2003; Pedrana et al., 2018b). Our study provided new and
meaningful information to understand and find solutions to this con-
troversial issue. We found evidence of the real impacts of sheldgeese
grazing in wheat and the benefits they provide to crops in the Pampas
ecoregion

4.1. Sheldgeese grazing intensity

The grazing intensity was different in each field and visit. The dif-
ferences observed for grazing intensity between fields during the win-
tering season could be due to environmental factors that can influence
bird abundances, such as distances to the roost (Pedrana et al., 2018a),
or the landscape around the field (Harrison et al., 2017; Pedrana et al.,
2014). We found that sheldgeese grazed fields in a heterogeneous way.
This might result from a patch selection (inside each field), which can
be driven by a perceived predation risk, selecting areas with a clear
view to detect an approaching predator (Harrison et al., 2017). The
grazing intensity per field was smaller at the end of the wintering
season. Shariati Najafabadi (2017) documented that Barnacle geese
spend less time eating when they are close to their migration date.
Another possible explanation is the nutritional quality of plants
throughout the crop cycle. Therkildsen and Madsen (1999) found that
Anser brachyrhynchus and Branta leucopsis gradually switched to low-
quality food as high-quality food became depleted when foraging on
winter wheat. Although the protein content of the wheat leaves had a
significant effect on geese grazing selectivity, the length of individual
leaves also affected this selectivity (Therkildsen and Madsen, 1999).

The grazing intensities estimated in this study were much smaller
than the ones reported in other studies of geese grazing (Patterson
et al., 1989; Summers, 1990), even though we used the cumulative
droppings. The field that presented the highest grazing intensity
showed 0.46 droppings/m2. Patterson et al. (1989) and Summers
(1990) found a yield reduction in wheat fields with densities higher
than five droppings/m2 and 22 droppings/m2, respectively.

4.2. Potential damages of sheldgeese grazing on wheat

We did not find a significant grain yield loss due to sheldgeese
grazing, similarly to other studies done in the same region (Omaña,
2016; Tracanna and Ferreira, 1984). On the contrary, many studies of
geese damage on crops around the world showed different impacts on
yield (Fox et al., 2017; Patterson et al., 1989; Summers, 1990). These
studies found that grazing intensity interacted with other factors, such
as the timing of grazing in relation to the crop growth stages and
weather conditions (Fox et al., 2017; Kahl and Samson, 1984; Petkov
et al., 2017).

We measured the effects of the different grazing pressures in the
yield and on the growth stages of the crop. Although we found a

Fig. 2. (A) Grazing intensity per field. Three transects were performed in all the
fields, except for F2 where only two transects were done. (B) Grazing intensity
per visit. Six transects were performed in the 3rd visit, seven transects in the 4th
visit and eight transects in the 5th visit.
The bars represent the standard error. Means with different letter significantly
differ (p < 0.05) by LSD Fisher.
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significant decrease in the wheat cover and an increase in the number of
eaten plants in the grazing plots, it was not enough to produce differ-
ences on the wheat yield. Moreover, there was no effect of geese grazing
in none of the parameters estimated during the harvest (grain yield per
plot, harvest index, the weight of 1000 grains, number of grain per m2).
We could explain these results with the grazing optimization hypoth-
esis, which describes the reaction of plants to increase herbivory (Fox
et al., 2017; Mcnaughton, 1979; Van Der Graaf et al., 2005). This hy-
pothesis predicts that grazing at intermediate intensities stimulates
plant production. It also improves the net primary production of grazed
plants over that of ungrazed (Van Der Graaf et al., 2005). Confirmation
of this hypothesis around the word is limited to certain ecosystems and
varies with plant species (Belsky, 1986; Fox et al., 2017; Van Der Graaf
et al., 2005). In our research, results of the number of tillers per plant
and the crop yield parameters could confirm the grazing optimization
hypothesis. Despite the damage done to the crop in the first stages, the
plants were compensating the negative effect. On the contrary, we did
not find any evidence of overcompensation of the plants. This could be
due to the small amount of sheldgeese in the area that were unable to
exercise an intermediate grazing pressure.

Other evidence found in our study was that the eaten plants de-
creased with crop growth and that the period of sheldgeese eating was

even shorter than the farmers previously suspected.

4.3. Probable benefits of sheldgeese grazing on wheat

There are many studies that highlight the Ecosystem Services that
birds, in general, and waterfowl in particular, can provide to different
environments (Buij et al., 2017; Green and Elmberg, 2014; Whelan
et al., 2008). In Australia, waterbirds help the colonization of tem-
porary wetlands by transporting invertebrates and plants across them
(Green et al., 2008). Some species of Anatidae can provide an economic
benefit by reducing the abundance of weeds, consuming their seeds
(van Groenigen et al., 2003). Similarly, Paulin (2004) found that the
Canada goose (Branta canadensis) serve as seed dispersal and soil fer-
tilizer. The mechanism where plants can profit from nutrient input by
feces or urine was studied in different ecosystems (Kitchell et al., 1999;
Manny et al., 1994; Somura et al., 2015). In some weather conditions,
the input of nutrients from goose feces may enhance plant growth (Fox
et al., 2017). In our study, although nutrient input by sheldgeese feces
was small compared to agricultural fertilizer applications, it was an
extra contribution. Abdul Jalil and Patterson (1989) found similar re-
sults, concluding that the amount of nutrient supplied by feces of Anser
anser and Anser brachyrhynchus was negligible (23.02 kg/ha) in

Table 3
The effects of treatment, visits and grazing intensity on wheat cover, percentage of eaten plants, chlorophyll content, percentage of eaten tillers, grain yield per plot
(Kg of grain per plot), harvest index (HI), weight of 1000 grains (P1000), number of grain per m2 and its component variables for the potential damages caused by
sheldgeese grazing on wheat in the southeast of Buenos Aires province, Argentina. Parameter estimates and p values are taken from GLMM or LME, fitted by restricted
maximum likelihood, with field identity, sub-area identity and, in some cases, plot identity as random effects. Fixed effects are treatment (control vs. grazing),
grazing intensity and visits. Visits 3rd, 4th and 5th correspond to visits performed during the crop vegetative stages and visit 6th correspond to the late tillering stage.
Step-wise deletion to remove non-significant variables (interactions first) was performed, such that parameter estimates and p values are for the simplest model
containing each variable.

Model Response variable Fixed effects Estimate ± SE p

1 Wheat cover Intercept 1.23 ± 0.17 < 0.0001
Treatment (grazing) −0.62 ± 0.28 0.03
Visit 4 0.97 ± 0.16 < 0.0001
Visit 5 2.45 ± 0.14 < 0.0001
Grazing intensity 0.002 ± 0.001 0.03
Treatment (grazing) x Visit 4 0.36 ± 0.29 0.22
Treatment (grazing) x Visit 5 0.47 ± 0.27 0.88
Visit 4 x Grazing intensity −0.002 ± 0.001 0.04
Visit 5 x Grazing intensity −0.006 ± 0.001 <0.0001

2 Percentage of eaten plants Intercept 2.65 ± 0.26 < 0.0001
Treatment (grazing) 0.74 ± 0.28 0.01
Visit 4 −0.88 ± 0.27 0.002
Visit 5 −0.88 ± 0.27 0.002
Grazing intensity 0.0004 ± 0.001 0.7
Treatment (grazing) x Visit 4 0.38 ± 0.43 0.38
Treatment (grazing) x Visit 5 1.35 ± 0.4 0.001
Visit 4 x Grazing intensity 0.005 ± 0.002 0.007
Visit 5 x Grazing intensity 0.0007 ± 0.002 0.75

3 Chlorophyll content Intercept 28.8 ± 1.92 < 0.0001
Treatment (grazing) −1.01 ± 2.7 0.7
Visit 6 15.54 ± 2.08 < 0.0001
Grazing intensity 0.02 ± 0.01 0.16
Treatment (grazing) x Visit 6 1.62 ± 3.01 0.6
Visit 6 x Grazing intensity −0.02 ± 0.01 0.06

4 Percentage of eaten tillers Intercept 15.34 ± 2.53 < 0.0001
Treatment (grazing) 12.57 ± 3.66 0.001
Grazing intensity 0.05 ± 0.008 <0.0001

5 Grain yield per plot Intercept 0.7 ± 0.05 < 0.0001
Treatment (grazing) −0.015 ± 0.07 0.83
Grazing intensity −0.014 ± 0.34 0.33

6 HI Intercept 0.4 ± 0.009 <0.0001
Treatment (grazing) −0.014 ± 0.01 0.2
Grazing intensity 0.00003 ± 0.01 0.18

7 P1000 Intercept 39.64 ± 0.92 < 0.0001
Treatment (grazing) −0.13 ± 0.9 0.88
Grazing Intensity −0.001 ± 0.002 0.67

8 Number of grains per m2 Intercept 7.98 ± 0.025 <0.0001
Treatment (grazing) 0.009 ± 0.027 0.75
Grazing Intensity −0.00002 ± 0.00007 0.79
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comparison with fertilizer application (137 kg/ha). In addition,
Summers (1990) found that feces from Branta b. bernicla could add
9 kg/ha of N compared to 690 kg/ha of N applied by fertilizers. An
important consideration to take into account is that sheldgeese con-
sumed and defecated in the same habitats. Thus, they may affect the
nutrient cycling system. However, to evaluate the net contribution
further studies should also consider the amount of nutrient sheldgeese
remove from this system.

The protein content of the grains in grazing plots was higher than in
control plots. This fact might be due to a contribution of inorganic ni-
trogen provided by geese droppings to the soil (Fox et al., 2017).
However, the true reason for this result remains unknown and further
research should consider this.

The marked difference between the nutrients input before and after
the wheat emergence may be explained due to the differences in their
diet. The sheldgeese diet before the wheat emergence was principally
composed of weeds and after was solely composed of wheat. This
transition might be due to the improvements in nutritional quality and
quantity of the agriculture crop (Fox and Abraham, 2017). Geese
grazing has been reported to increase weed abundance in crop fields
(Patterson et al., 1989), but our experimental plots showed that grazing
did not affect the weed cover. We found that sheldgeese were helping to
reduce the abundance of weeds and especially a very problematic one,
Lolium sp., which was the most consumed species. This weed is widely
spread in Buenos Aires province and severely affects wheat crops
causing yield loss (Gigón et al., 2017). The main agriculture problem is
that this plant is resistant to the glyphosate (Gigón et al., 2017;
Yanniccari et al., 2009, 2016), the most widely used herbicide in the
world (Vila-Aiub et al., 2008). Sheldgeese grazing this plant could help
reduce its abundance, especially in May and June, the germination’s
months in the area (Gigón et al., 2017). It could also reduce the use of
herbicides, contributing to a more sustainable approach. It is important
to highlight that after the wheat emergence sheldgeese only ate wheat,
but the weeds availability was very low. Therefore, new studies of

sheldgeese diet should explore different management practices, such as
an agro-ecological approach where there are more plant species avail-
able.

5. Conclusions

Despite the fact that this study was only one year long, the results
highlighted the fact that sheldgeese grazing did not have a negative
effect on crop yields. The wheat yield and damages were calculated by
independent methods and provided the same conclusions.

The encouraging results of the diet samples showed the positive
effects that sheldgeese were providing in their wintering grounds. The
input of nitrogen and phosphorus to the nutrient cycling system and the
consumption of weeds should be considered as benefits provided by
sheldgeese to the agroecosystem. Future studies should focus on iso-
topic analysis of the nitrogen provided by bird feces, in order to de-
termine the origin of the nitrogen uptake by plants.

Perceived damage to crops by wildlife not only has a negative effect
on species conservation, but it also leads to complex secondary effects.
This includes stakeholders’ hesitation to the introduction of new pro-
tected areas or conservation initiatives and the delay of conservation
measurements for other species or environments (Dickman, 2010). Al-
though the three species of sheldgeese are protected by law, there are
still farmers which considered them harmful for their activities and as a
consequence they performed illegal lethal methods to control them (e.g.
hunting and aircraft persecution) (Bernad et al., 2014; Prario Fioriti,
2016). We found evidence that sheldgeese do not produce economical
damage on wheat crops, which could lead to a change of attitude of
farmers towards these species. This fact could resolve part of the con-
flict, helping not only sheldgeese conservation but many others species
that inhabit the same area.
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