
Conservation of the largest cervid of South America:
interactions between people and the Vulnerable
marsh deer Blastocerus dichotomus
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Abstract Wild ungulates, and particularly deer, can cause
severe damage to commercial plantations, resulting in re-
duced tolerance of their presence by forestry producers.
The marsh deer Blastocerus dichotomus, categorized as
Vulnerable on the IUCN Red List, is declining throughout
South America. A population of c.  individuals survive
within a matrix of commercial plantations in the lower
delta of the Paraná River, the southernmost stronghold for
the species. Local forestry producers usually report that
damage to plantations is attributable to marsh deer, thus
justifying persecution of the species. Seventy-six forestry
producers (representing c. % of the total plantation area
of the lower delta) were interviewed using a semi-structured
questionnaire to assess perceived levels of tree damage, as-
sociated economic losses, and attitudes towards the deer.
Simultaneously, plantation stands were surveyed to quantify
the actual tree damage caused by this ungulate. Seventy-six
percent of producers reported damage to trees by deer (i.e.
browsing, fraying caused by antler rubbing) but most of
them perceived low levels of damage per property (median
, .%), with negligible economic effects. However, % of
producers (all of them with #  km in production, usually
family enterprises) perceived high levels of damage and eco-
nomic losses, and supported deer hunting as a management
option. Field surveys indicated that damage caused by deer
could be more severe than perceived by producers, although
spatially confined within the landscape. Monitoring of dam-
age perception by forestry producers, and compensation
schemes to assist small producers are necessary for adequate
management of this threatened marsh deer population.

Keywords Argentina, Blastocerus dichotomus, forestry,
human–wildlife interactions, interviews, Paraná River
delta, perceived vs actual damage, Salicaceae

Introduction

Wildlife damage to agriculture and forestry is a serious
concern among producers globally (Gill, ;

Conover, ). This situation has important implications
for the sustainability of these economic activities and also
for wildlife conservation (Schonewald-Cox et al., ).
Wild ungulates, and particularly deer, can cause severe
damage to crops (e.g. Richer et al., ) and tree planta-
tions (e.g. Ward et al., ; Takatsuki, ); in the USA,
for example, an estimated loss of USD  million in agri-
cultural production per year has been attributed to deer
(Conover, ).

Deer damage trees mainly during feeding (i.e. selective
browsing of leaves, fruits or bark) or antler rubbing (Gill,
). Usually these interactions do not affect tree survival
(Russell et al., ) but tree diameter and growth can de-
crease if deer pressure is high, resulting in economic losses
(Ward et al., ). Producers arewilling to incur some dam-
age (Siemer & Decker, ) but if they perceive that the
amount of damage is high, they may take whatever action
they deem necessary to alleviate these losses. Producers
can thus have a significant impact on the conservation status
of deer populations.

Themarsh deerBlastocerus dichotomus is the largest (up to
 kg of body mass) deer of South America, ranging from
southern Amazonia to Argentina (Duarte & González,
). Although historically the species occupied a wide
range of habitats along the major river basins in South
America, it has experienced a % reduction (Weber &
González, ) and is categorized as Vulnerable on the
IUCN Red List (Duarte et al., ). The delta of the Paraná
River shelters the southernmost population of marsh deer
(Varela, ), comprising c.  individuals (Lartigau et al.,
). This population is genetically different from other po-
pulations of the species (Márquez et al., ), which suggests
that it should be considered a distinctive management unit.

The majority of marsh deer in the delta of the Paraná
River occur near or within the largest area of commercial
plantations of Salicaceae in Argentina (Varela, ;
Fracassi & Somma, ). According to local forestry produ-
cers the deer cause damage of varying extent and severity to
these plantations, thus justifying persecution of the deer
(D’Alessio et al., ). Recategorization of the conservation
status of this population as Endangered has been proposed
because of retaliatory killing, poaching, habitat loss, and
predation by dogs (Lartigau et al., ).
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An assessment of the interactions between the marsh
deer and commercial forestry producers of this wetland is
needed, focusing on an accurate evaluation of damage, ac-
tual vs perceived production losses, and attitudes of produ-
cers towards the deer. Wildlife managers require this
information to be effective in communicating with produ-
cers, for understanding the impact of marsh deer on local
economies, and for planning the conservation of the species.
In this context, our objectives were () to assess and charac-
terize the perceived level of tree damage caused by deer, and
economic losses in plantations of the delta of the Paraná
River, () to determine attitudes of local producers towards
the marsh deer, and () to quantify the extent and character-
istics of actual tree damage caused by the marsh deer by
sampling damage in plantation stands.

Study area

The lower delta of the Paraná River (c. , km, hereafter
lower delta, Fig. ), in Argentina, has typical deltaic morph-
ology (Kandus & Malvárez, ). The islands have a cen-
tral area dominated by freshwater marshes, surrounded by a
peripheral levee covered by riparian forests. Commercial
plantation of poplar Populus spp. and willow Salix spp. is
the main economic activity in the region, occupying
c.  km (Fracassi et al., ).Water management is prac-
tised to avoid prolonged waterlogged conditions in planta-
tions, including the construction of drainage channels and
polders to protect trees from floodwaters.Wicker Salix vimi-
nalis is planted by small producers (with#  km in produc-
tion), whereas larger producers and forestry companies
(with .  km in production) are diversifying by raising
livestock under silvopastoral systems. New trees (.– m
height) are planted during July–August and sprout during
September–October (Borodowski & Suárez, ). Poplar
is harvested at – years, and willow at – years
(Borodowski & Suárez, ), whereas wicker is harvested
annually before sprouting (during June–August) from the
first year and up to  years (Olemberg & Barán, ).

Methods

Field interviews

To evaluate forestry producers’perceptions of and attitudes to-
wards damage caused by marsh deer in commercial planta-
tions, we conducted semi-structured interviews (following
methods described in Newing, ) with  small, medium
and large forestry producers, whose properties comprised
c. % of the total plantation area of the lower delta. Damage
was considered to mean the removal of tissue (leaves, bark,
shoots or buds) from a tree, without necessarily implying the
death of the tree. Interviews were conducted on each property,

in the frame of a friendly talk, during September –March
. Participantswere selectedwith the assistance ofmembers
of Instituto Nacional de Tecnología Agropecuaria (National
Institute of Agricultural Technology), balancing producer
types and geographical representation.

Four subjects were explored: () characteristics of the
property and plantation management practices; () marsh
deer presence and perceived abundance; () producers’ per-
ceptions about tree damage caused by deer, and associated
economic losses; and () attitudes towards the deer, includ-
ing the application of preventive measures to avoid tree
damage (Table ). Answers were converted into categorical,
nominal or ordinal variables, except the estimated percent-
age of plants damaged by deer, which was considered to be a
continuous quantitative variable. Relationships between
variables were analysed using Spearman correlations. As
several variables were associated, multivariate tests were
not performed. Statistical analyses were conducted using
SPSS . (IBM, Armonk, USA), and differences were con-
sidered significant when P, ..

Field survey of actual damage

To characterize and quantify actual damage to plantations
caused by deer, surveys of damage were conducted on wil-
low and poplar plantations at  properties where the own-
ers were also interviewed. These properties were chosen
based on accessibility and the willingness of the owner to
collaborate with this research. Surveys were conducted dur-
ing September –March , during or immediately
after the plant growing season (i.e. the period with the
highest level of damage, according to preliminary contacts
with producers). On each property, plots of young trees
(,  years old) were surveyed; adult tree plots were not in-
cluded because, according to preliminary interviews, they
are not affected by marsh deer. We surveyed – plots per
property, depending on the size of the property. Surveyed
plots were at least  km apart, to be considered independent.
Overall,  plots were surveyed,  of willow and  of pop-
lar. Two sampling designs were followed: () if the producer
was aware of damage caused by deer in the plantation, sur-
veys were focused on these particular damaged plots, con-
sidering damage as maximum (‘maximum damage’ plots;
n = ); or () if the producer was not aware of the existence
of damage, plots were selected randomly for surveying (‘ran-
dom damage’ plots; n = ). At each sampling plot, two re-
searchers with knowledge of patterns of damage by deer
walked – line transects placed at random, looking for
trees with signs of damage caused by marsh deer. The num-
ber and length of transects depended on plot size, accessibil-
ity, and tree spacing (e.g.  ×  m,  ×  m). Transects were
–, m in length, and –, trees were surveyed per
plot ( trees per plot, on average); in total, , trees were

2 M. E. Iezzi et al.
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examined. We calculated the percentage of damaged plants
per plot, discriminating between types of damage (feeding
or antler rubbing). Understorey vegetation at each plot was
assigned a value of –, depending on coverage (, , %;
, –%; , –%; , . %). A Kruskal–Wallis test
was used to evaluate differences between random damage
and maximum damage plots, between damage in poplar
vs willow plots, and between actual vs perceived damage
attributed to deer. Relationships between the percentage of
damage and understorey vegetation coverage were analysed
using Spearman correlations. Statistical analyses were con-
ducted using InfoStat (Agricultural College of the National
University of Córdoba, Argentina), and differences were
considered significant when P, ..

Results

Perception and attitudes regarding damage caused by
marsh deer

Eighty-eight percent of the respondents (n = ) reported
marsh deer presence on their lands; % of these ( small,
medium, and three large producers) recorded damage by
marsh deer at the time of this survey or in the recent past (i.e.
within the previous  years). Damage varied among plant
species; fraying caused by antler rubbing was the predomin-
ant problem reported for poplar trees, occurring on plants –
 years old with trunk diameter of – cm. Browsing on buds
and leaves was the most reported problem for willow trees,
and the only damage reported for wicker plants (Fig. ).

Producers affirmed that damage by deer caused tree
losses (% of interviewees) and decreases in productivity
(% of interviewees), emphasizing a higher level of damage
in willow or wicker plantations than in poplar plantations

(Table ). Most producers perceived a low percentage of da-
maged trees per property (median value , .%; Table ),
with ‘null’ or ‘irrelevant/non important’ effects on their
economies. However, % of interviewees (n = ) reported
mean damage levels. %, always in willow or wicker plan-
tations; only five (small) producers translated these damages
into ‘considerable’ or ‘severe/untenable’ economic losses.
Such heterogeneous positions regarding the economic im-
pact led to a non-significant correlation between the per-
centage of perceived damage and the associated economic
loss (Rs = ., P = .).

A positive correlation between the estimated percentage
of damage and the perceived abundance of deer was found
(Rs = ., P = .). The majority of producers (%) be-
lieved that marsh deer abundance had increased over the
previous  years, and c. % (n = ) considered it necessary
to prevent damage by deer to avoid increasing losses. Some
producers (%) felt that the implementation of compensa-
torymeasures (e.g. financial assistance) should be carried out
by a governmental institution, and % of respondents had
themselves taken at least one measure to prevent damage
by deer. These measures were wire fencing (successful for
four of five producers who employed it), scaring the deer
with dogs or shotguns (six of nine), and deer hunting (four
of nine). Electric fencing, used in the region tomanage cattle,
was reported to be ineffective by seven of eight producers, as
marsh deer can jump across the electric lines.

Quantification of actual damage

Plots of maximum damage had a significantly higher per-
centage of damaged trees than plots of random damage
(Kruskal–Wallis: H = ., P = . for poplar, and

FIG. 1 Locations of plantations in the
lower delta of the Paraná River,
Argentina, where surveys were conducted
to assess perceived and actual damage
caused by marsh deer Blastocerus
dichotomus.
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H = ., P = . for willow; Table ). The most frequent
type of damage to willow plants was browsed leaves,
found in % of willow plots; a few trees (,  per plot)
with signs of fraying were found in five of  willow plots

sampled. In contrast, fraying was the dominant type of dam-
age among poplar plants, found in % of poplar plots; trees
with browsed leaves (,  per plot) were found in only three
of  poplar plots sampled.

TABLE 1 Questionnaire used to elicit information about management practices, presence and perceived abundance of the marsh deer
Blastocerus dichotomus, perceptions about damage to trees by deer, and attitudes towards the deer in the lower delta of the Paraná
River, Argentina (Fig. ).

Variable Response options

Type of producer (a) Small (# 2 km2 in production)
(b) Medium (. 2–10 km2 in production)
(c) Large (. 10 km2 in production)

Species planted (a) Willow (Salix spp.)
(b) Poplar (Populus spp.)
(c) Wicker (Salix viminalis)

Occurrence of marsh deer in the plantation (a) Yes
(b) No
(c) Unknown

Current abundance of marsh deer in the plantation (a) None
(b) Low (up to 3 individuals)
(c) Medium (4–8 individuals)
(d) High (. 8 individuals)
(e) Unknown

Current vs historical abundance of marsh deer in the plantation (a) More abundant now than 10 years ago
(b) More abundant 10 years ago than now
(c) Equally abundant now & 10 years ago

Damage to commercial plants by marsh deer (a) Yes
(b) No
(c) Unknown

Type of damage (a) Fraying caused by antler rubbing
(b) Browsing on buds & leaves
(c) Trunk or branches broken
(d) Other/unknown

Consequences of damage (a) No effect
(b) Plant losses
(c) Decreases in productivity
(d) Other/unknown

Estimated % of plants damaged by deer Number (continuous variable)

Economic losses caused by deer (a) Null
(b) Irrelevant/non important
(c) Considerable
(d) Severe/untenable

Is it necessary to prevent damage by deer? (a) Yes
(b) No
(c) No opinion

Preventive, compensatory or retaliatory measures employed (or potentially
useful) to avoid tree damage or economic losses attributable to marsh deer

(a) No action
(b) Wire or electric fencing
(c) Deer scaring
(d) Hunting problem deer
(e) Require economic assistance
(f) Other

4 M. E. Iezzi et al.
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Considering only random samplings, willow plots had a
significantly higher percentage of damaged trees than pop-
lar plots (Kruskal–Wallis: H = ., P = .; Table ),
whereas the difference was not significant when comparing
only maximum damage plots (Kruskal–Wallis: H = .,
P = .; Table ). The mean damage was positively corre-
lated with understorey coverage inmaximumdamage plots of
both poplar (Rs = ., P = .) and willow (Rs = .,
P = .), but this pattern was not observed in randomdam-
age plots of either poplar (Rs = –., P = .) or willow
(Rs = –., P = .). There were no significant differences
between the damage perceived by producers and the actual
damage estimated through field sampling in random damage
plots (H = ., P = . for poplar, and H = ., P = . for
willow). However, the perceived damage was significantly
lower than the actual damage estimated inmaximumdamage
plots (H = ., P = . for poplar, and H = ., P, .
for willow; Table ).

Discussion

This is the first study to evaluate human–marsh deer inter-
actions that integrates the perceptions of forestry producers
with an estimation of the actual damage caused by the deer.
According to producers, the marsh deer is widely present in
commercial plantations of poplar and willow in the lower
delta of the Paraná River, and although they were aware of
tree damage caused by deer, these losses did not have a sig-
nificant economic impact in most cases. However, a few
small producers perceived high levels of damage and eco-
nomic losses, and supported deer hunting as a management
option. Field surveys showed that damage by deer could be
more severe than perceived by most producers, although
spatially confined within the landscape.

Actual vs perceived damage

Bark stripping as a result of fraying was the predominant
type of damage in poplar plantations, whereas the consump-
tion of green sprouts, leaves and buds was predominant in
willow and wicker plantations. Browsing does not imply the
death of the plant but can diminish productivity (e.g. Russell
et al., ; Ward et al., ). In the case of wicker, brows-
ing usually leads to multi-stem plants, which are unsuitable
for commercial use. A comprehensive economic assessment
of the impacts (e.g. changes in wood quality, grow rates or
productivity) of marsh deer on various commercial plant
species would provide valuable information to support
management decisions and consequently assist those pro-
ducers who report damage.

Poplar and willow are planted by all types of producers but
wicker is planted almost exclusively by small producers, usu-
ally family groupsunder theminimum forestry economicunit
(Borodowski & Suárez, ).Wicker plantations cover small
areas, and if damage is spatially aggregated within a stand the
impact per hectare (and the associated economic loss) could
be significant. On the contrary, medium and large producers
have better financial situations and larger plantations (some
certified by the Forest Stewardship Council or the
International Organization for Standardization) and are
thus better able to cope with tree damage. As a result, small
producers are potentially more likely to develop negative atti-
tudes and behaviours towards marsh deer.

The positive correlation between perceived percentage of
damage and perceived abundance of deer may be a result of
the higher abundance (or activity) of marsh deer in the most
damaged plots. Damage caused by deer in agricultural fields
or plantations in other regions has been shown to be corre-
lated with deer density (e.g. Putman et al., ). However, a

FIG. 2 Percentage of interviewees that reported various types of
damage caused by marsh deer to poplar Populus spp., willow
Salix spp. and wicker plants Salix viminalis in plantations in the
lower delta of the Paraná River, Argentina (Fig. ).

TABLE 2 Estimated percentage of poplar Populus spp., willow Salix
spp. and wicker Salix viminalis plants damaged by marsh deer,
based on interviews and field surveys (considering plots with max-
imum damage and with random damage) in the lower delta of the
Paraná River, Argentina (Fig. ).

Plant
species

Source of
estimation N

Percentage of plants damaged

Mean ± SD Min. Max Median

Poplar Interviews 63 4.4 ± 11.6 0 50 0.01
Field survey
(random)

16 1.5 ± 2.2 0 8 0.72

Field survey
(maximum)

7 16.3 ± 26.0 0 21 4.50

Willow Interviews 49 9.4 ± 18.3 0 75 0.18
Field survey
(random)

8 7.9 ± 7.6 1 72 5.91

Field survey
(maximum)

8 42.2 ± 32.2 2 100 43.73

Wicker Interviews 17 13.7 ± 27.1 0 80 0
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perception bias may yield an alternative explanation. Local
producers who had experienced damage by deer in the past
tended to hold negative attitudes towards deer (authors,
pers. obs.). Consequently, producers who had experienced
high levels of damage in the past still reported damage in
the present, even if they were unaware of the actual damage
level or the density of deer on their property. This type of
response has also been reported for other species in other
productive areas (e.g. Campbell-Smith et al., ; Dressel
et al., ; Caruso et al., ).

Management implications, mitigation actions and
conservation measures

Wire fencing was the most effective measure reported by (a
low number of) producers to prevent damage by marsh
deer. Although fencing is a relatively low-cost measure
and is widely used to avoid damage by deer (e.g.
VerCauteren et al., ), only small areas can be protected
in this way. Wicker shrubs are coppiced annually in the
lower delta wetland to encourage production of long
flexible shoots, and the same plants aggregated in small
plots (, – ha; mean = . ha) are used year after year
(Olemberg & Barán, ). Thus, fencing is an adequate
strategy for the long-term protection of wicker plots. In add-
ition, warning dogs are used to keep deer away from these
plantations. The use of commercial repellents for reducing
deer damage has not been tested in the lower delta, even
though this practice has been reported to prevent damage
by deer to forest plantations in other countries (Ward &
Williams, ).

In contrast, willow and poplar plantations are developed
over much larger scales, and although half of interviewees
considered it necessary to prevent damage by deer, only a
small number of producers reported engaging in deer hunt-
ing for this purpose. Hunting is widely used tomanage over-
abundant or lower-concern deer species (McShea, ) but
its use on this threatened marsh deer population is illegal.
However, practices such as this become popular when pro-
ducers perceive that authorities are indifferent to their
claims, taking whatever action they consider appropriate
to alleviate losses. In this scenario, the implementation of
compensatory schemes (e.g. financial assistance, tax exemp-
tions) with a formal evaluation procedure should be consid-
ered by local authorities, to resolve conflict and improve the
status of the deer population.

Severe problems with marsh deer appear to be restricted
to a few small producers who have a high perception of
damage and a fragile economic situation. However, three
factors could potentially influence future interactions be-
tween people and marsh deer in this wetland. Firstly, the
low number of producers reporting deer hunting should
be interpreted with caution, as producers may have been

reluctant to tell the truth for fear of being reported to the
authorities for hunting illegally. Secondly, % of producers
interviewed felt that the government should implement
compensatory measures, even if they did not translate
deer damage into economic losses. Thirdly, approximately
half of interviewees considered it necessary to minimize
damage caused by deer to prevent future economic impacts.
This is a complex situation, as an expected outcome of the
conservation actions currently in progress to conserve this
marsh deer population is an increase in population size (J.
Pereira, unpubl. data). A higher deer density as a result of
conservation actions may trigger higher levels of damage
and new claims for compensation by producers. However,
the supposition that people respond proportionately to the
level of damage experienced is erroneous, as even a small
amount of damage can elicit a strong response (Knight,
; Dickman, ).

Although resolving the current problems would improve
both the economic situation of local producers and their
perceptions of marsh deer, negative attitudes often remain
even after damage has been reduced (Dickman, ).
Consequently, close monitoring of damage perception by
forestry producers, and compensatory schemes to assist
small producers, are necessary to adequately manage coex-
istence between producers and marsh deer.
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