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A B S T R A C T

The aim of this study was to identify modifications in the feeding behaviour of goats browsing a tropical de-
ciduous forest (TDF) when natural gastrointestinal nematode (GIN) infection was suppressed. Continuous bite
monitoring through direct observation was implemented in 12 Criollo goats (adults, non-pregnant) foraging for
4 h per day during the rainy season. In the first Period (P1, one observation point) all goats were maintained with
natural GIN infection. In the second Period (P2, three observation points), goats were equally distributed into 2
groups: i) moxidectin treated group (TG) used in a suppressive scheme; and ii) naturally infected group (IG). For
each observation point, goats were monitored at three timepoints per day (80min each), for three consecutive
days, to estimate their intake of dry matter (DM), condensed tannins (CT), crude protein, metabolizable energy
and digestible DM. Live weight (LW), faecal samples and blood samples were obtained every 28 days to de-
termine LW change, faecal egg counts (FEC) and packed cell volume (PCV). During P1 and P2, the TG and IG had
similar LW change and PCV. During both periods, the intake of DM, CT and all macronutrients were similar for
TG and IG. The suppression of GIN infection did not modify the feeding behaviour of goats. Therefore, a ther-
apeutic self-medicative behaviour was not identified in Criollo goats browsing a TDF.

1. Introduction

In patchy heterogeneous vegetation, goats may demonstrate flexible
feeding behaviour, i.e. goats can shift from grazing to browsing and vice
versa when moved to different grazing sites (Sanon et al., 2007;
Ventura-Cordero et al., 2018). A change in feeding behaviour was as-
sociated with plant availability and nutritional imbalances of macro-
nutrients (Ventura-Cordero et al., 2018), or the consumption of plant
secondary compounds (PSC) (Rogosic et al., 2008). Furthermore, shifts
in feeding behaviour were associated with certain breeds of goats
(Aharon et al., 2007). There is a growing interest in identifying the
capacity of animals to change their feeding behaviour as a strategy to
alleviate disease (self-medication). It was hypothesized that small ru-
minants learn to increase their intake of PSC-containing feeds when
experiencing a gastrointestinal parasitic infection and decrease the in-
take when the parasitic load was eliminated (Villalba et al., 2010).
Previous studies suggested that small ruminants ingest a higher quan-
tity of PSC, such as condensed tannins (CT), as a response to higher
levels of gastrointestinal nematode (GIN) infection. This was confirmed

for sheep consuming alfalfa (Medicago sativa) + 10% quebracho tannin
(Schinopsis quebracho-colorado) (Villalba et al., 2010) or beet pulp +
8% quebracho tannins (Juhnke et al., 2012), and for goats consuming
Lysiloma latisiliquum (Martínez-Ortíz-de-Montellano et al., 2010) or
Pistachia lentiscus (Amit et al., 2013). Such behaviour might be con-
sidered self-medication because the modification in terms of a higher
CT consumption might be a response to parasitism (Singer et al., 2009).
However, other recent studies including a field study using lambs
grazing pastures of sainfoin (Onobrychis viciifolia) (Villalba et al., 2013),
a pen study with lambs fed sainfoin pellets (Costes-Thiré et al., 2018),
and a cafeteria study performed with Criollo goats naturally infected
with GIN consuming four tropical plants (Ventura-Cordero et al., 2017)
reported that GIN infection failed to modify the feeding behaviour of
small ruminants.

To the best of our knowledge, no field study evaluating the effect of
GIN suppression on goat feeding behaviour under a heterogeneous
vegetation such as a tropical deciduous forest (TDF) has been reported.
A study of feeding behaviour in heterogeneous vegetation should con-
sider a wide range of opportunities to select feeds under high plant
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diversity. Continuous bite monitoring through direct observation
method has been implemented in a TDF resulting in a grid of bite ca-
tegories (BC) adapted to the conditions of this forest (González-Pech
et al., 2014). This has enabled a detailed quantification of the different
plants and plant parts or BC consumed by sheep and goats (González-
Pech et al., 2015; Ventura-Cordero et al., 2019). This protocol can be
used to study feeding behaviour, including macronutrient and CT in-
take, and whether goat feeding behaviour changes when animals are
exposed to a suppressive anthelmintic (AH) treatment with moxidectin.
The moxidectin treatment scheme was selected because it has a 28-day
persistent effect against GIN in goats (Torres-Acosta and Jacobs, 1999).
Such AH management has been used in previous field studies with kids
in a TDF to maintain them free of GIN infection (Torres-Acosta et al.,
2004; Torres-Acosta et al., 2006). Therefore, this study aimed to iden-
tify modifications in the feeding behaviour of goats browsing a TDF
when natural gastrointestinal nematode infection was suppressed.

2. Materials and methods

2.1. Study site

This study was performed from June to September during the rainy
season in Mérida, Yucatán, México (20 52′7.14″N, 89 37′24.04″W). The
climate of the study area was warm and humid with summer rain. The
mean maximum and minimum temperatures reported throughout the
months of the study were 36.2 °C and 24.0 °C respectively, with a cu-
mulative rainfall of 695.8 mm. The grazing areas included 2.8 ha of
native vegetation corresponding to a TDF (Flores et al., 2006) and in-
cluded different species of plants corresponding to different habits
(creeper/climbers, dicot herbaceous, grasses and shrubs) (Ventura-
Cordero et al., 2019).

2.2. Animals and experimental conditions

The study farm of the Faculty of Veterinary Medicine, Universidad
Autónoma de Yucatán, Mexico (FMVZ-UADY) had a mixed flock of 30
adult Pelibuey/Blackbelly hair sheep and 70 adult Criollo goats with
many years of browsing experience in the TDF. Twelve female goats
were selected from the goat herd according to the following criteria: a)
good dental and locomotive system condition; b) non-dominant mem-
bers of the flock; c) non-pregnant; d) 7 ± 2 years old; and e) live
weight (LW) of 36.3 ± 4 kg. The experiment was divided into two
experimental periods. Period 1 (P1) lasted for 28 days and included one
observation point (Fig. 1 ). In that period all twelve goats were kept
with their natural GIN infection. Animals were divided into two groups
of six goats balanced according to age, LW, parturition number and
faecal egg count (FEC) (groups TG and IG). Period 2 (P2) lasted for 84
days and included three observation points (Fig. 1). Goats in the treated
group (TG) were dewormed with moxidectin (0.3 mg/kg LW sub-cuta-
neously) every 28 days from the beginning of P2. This protocol aimed to
maintain goats without GIN infection while browsing the TDF as

reported by Torres-Acosta et al. (2004, 2006). The infected group (IG)
maintained their natural GIN infection throughout the experimental
period. The number of animals included in each experimental group
was higher than the minimum number required for grazing behaviour
studies (Penning et al., 1993), preference studies (Parsons et al., 2018)
and co-grazing studies with sheep and goats (Yiakoulaki et al., 2009).

Experimental goats browsed alongside the complete sheep and goat
flock for 4 h per day (7:00 am–11:00 am). After returning to their pens,
animals were separated and maintained in individual cages with water
ad libitum and supplemented with 0.5% of LW with sorghum meal. The
LW of the animals was measured every 28 days.

2.3. Intake estimations through continuous bite monitoring by direct
observation

Continuous bite monitoring using the direct observation method
(Agreil and Meuret, 2004) was implemented on the TDF. The in-
dependence of observations, as well as a good power for the compar-
isons of dry matter intake was reported for this methodology in a TDF
(González-Pech et al., 2015). Briefly, the procedure included: (a) a fa-
miliarization period to habituate animals to the presence of human
observers, and vice-versa (González-pech et al., 2018); (b) the use of a
coding grid of BC adapted to the conditions of a TDF (González-Pech
et al., 2014); (c) the coding grid was coupled with manual harvest si-
mulations to estimate the weight for every BC of every plant species
consumed (gram of dry matter, g DM) (Ventura-Cordero et al., 2019);
(d) audio recording of BC codes for all observed plants consumed by
goats; and (e) capturing audio data and statistical analyses of all BC for
every plant species.

For the present study, intake observations were arranged using a
Latin rectangle square design on 3 consecutive days and 3 goats for 3
schedules of 80min (focal sampling; Altman, 1974) and four observers
in total. This design enabled the observation of 12 experimental goats
once per month (25 days between observations) and accounted for
variability associated with grazing area, environmental conditions,
observers and sheepherders. As mentioned above, four observations
points were used, one observation point during P1 and three observa-
tions points during P2. Each observer could identify each observed
goat, but the observers were blinded to which group each experimental
goat was assigned to.

2.4. Macronutrient and condensed tannin consumption

Plant samples were collected, and plant species were identified in
the FMVZ-UADY herbarium. The DMI was estimated for each plant
species by adding the total number of observed bites for every BC.
Then, the sum of the DMI from all plant species was used to calculate
the total DMI for each goat. Plants that were consumed>1% of the
DMI were identified. The crude protein intake (CPI), metabolizable
energy intake (MEI), digestible DM intake (DDMI) and CT intake (CTI)
were estimated as a product of the DMI and the chemical values [crude
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Fig. 1. Experimental design used to identify changes in the feeding behaviour of Criollo goats browsing heterogeneous vegetation when gastrointestinal nematode
infection is suppressed.
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protein (CP), metabolizable energy (ME), in vitro dry matter digest-
ibility (IVDMD) and CT] of forages consumed at> 1% of the DMI, as
reported previously in a contemporary study (Ventura-Cordero et al.,
2019).

For the present study, plants consumed at> 1% of the DMI and
with a CT content> 5% were considered as tannin rich plants (TRPs).
The latter were in accord with studies on temperate forages, where
5.5% CT was the threshold value to classify plants as tannin rich (Min
et al., 2003; Waghorn and McNabb, 2003).

2.5. GIN infection level and packed cell volume

The GIN infection level was monitored every 28 days from faecal
samples gathered directly from the rectum of individual animals. The
FEC was estimated during three consecutive days using the McMaster
technique. Subsequently, faecal cultures were generated following the
Corticelli and Lai (1963) technique, and the genera of GIN L3 larvae
were identified according to the keys of identification reported by
Bowman and Lynn (1999). Every 28 days, blood samples were obtained
from the jugular vein before the foraging activity of goats. Blood
samples were preserved by refrigeration at 4 °C until the packed cell
volume (PCV) was determined using the microhematocrit method
(Hansen and Perry, 1994).

2.6. Data and statistical analysis

Data from bites, DMI, CTI, CPI, MEI, DDMI, PCV, LW, and the intake
of Gymnopodium floribundum, Leucaena leucocephala, Mimosa baha-
mensis, Neomillspaughia emarginata, and Eragrostis amabilis as well as the
FEC (egg per gramme of faeces, EPG) were assessed using respective
linear mixed models. The normality of residuals and the respective
homogeneity of variances for each variable were confirmed. Therefore,
when the residuals showed a normal distribution, PROC MIXED was
selected, and when residuals did not show a normal distribution, PROC
GLIMMIX was used.

PROC MIXED used the REPEATED statement to define the variance
structure for repeated measurements. The autoregressive covariance
structure was used to account for measurements being made at suc-
cessive observation points (1–4). The MODEL statement was similar for
each dependent variable (DMI, CPI, bites, PCV, LW). The fixed effects
were treatment (TG, IG), observation point (1–4) and treatment×
observation point interactions. The SUBJECT statement referred to
goats nested within treatments, defined as the variable on which re-
peated measurements were obtained. Goats were considered a random
factor (Costes-Thiré et al., 2018).

PROC GLIMMIX used the compound symmetry type covariance
structure to consider measurements repeated over time in the same
goat. The MODEL statement included dependent variables (CTI, MEI,
DDMI, EPG, and intake of G. floribundum, L. leucocephala, M. baha-
mensis, N. emarginata and E. amabilis), and fixed effects including
treatment (TG, IG), observation point (1–4) and treatment×
observation point interaction. The SUBJECT statement referred to goats
nested within treatments, and goats were considered a random effect
(Bueso-Ródenas et al., 2014). The observation point was the only fixed
effect included in the MODEL for the FEC dependent variable. All re-
ported values are the least square means.

3. Results

3.1. Plant species consumed by goats

A total of 35 plant species were consumed by goats, of which 28
were consumed at< 1% of the daily DMI and 7 plant species were
consumed at> 1% of the daily DMI (Table 1). A total of 31 plant
species as well as fallen leaves and pods had< 5% CT content. The
leaves from 4 plant species, G. floribundum, L. leucocephala, M.

bahamensis and N. emarginata, were considered TRP as they pro-
vided> 5% CT. Considering the habit of consumed plant species, the
contribution to the daily DMI of goats during all experimental periods
was 6.3% creeper/climbers, 2.4% dicot herbaceous, 63.3% grass,
27.8% shrubs and 0.2% from fallen leaves or pods.

3.2. Feeding behaviour and macronutrient intake

A total of 76,000 bites were recorded during the whole study. The
mean number of bites/day/goat was affected by the observation point
(P= 0.002), while the treatment and treatment× observation point
interactions were not significant (P > 0.05). At the first observation
point, there was a mean of 1652 bites/day/goat. During the second
observation point, there was an increased number of bites, 2254 bites/
day/goat (P < 0.05). However, there were significantly reduced
numbers of bites at points 3 and 4 (1424 and 1312 bites/day/goat,
respectively; P < 0.05).

The E. amabilis grass was the only plant material consumed in dif-
ferent quantities during the study periods:
92.44 < 454.26=386.19 > 201.59 g/DM at observation points 1, 2,
3 and 4, respectively (P < 0.001).

Goats in the IG and TG had a similar consumption of macronutrients
at all observation points (Table 2). The observation point effect was
significant for DMI, CTI, MEI and DDMI (P < 0.05). The DMI, MEI and
DDMI were lower at observation points 1 and 4 compared with ob-
servation point 2 (P < 0.05), whereas the CTI at observation point 1
was higher than that of the other 3 observation points.

3.3. Condensed tannin consumption obtained from tannin rich plants

Table 3 shows the consumption of CT from TRP by experimental
goats browsing heterogeneous vegetation. The effect of moxidectin
suppressive treatment was not significant. Consequently, goats in the IG
and TG harvested similar amounts of CT from TRPs (P > 0.05).

3.4. GIN infection level, faecal cultures, packed cell volume and live weight

The AH treatment effect was not significant for the PCV (P= 0.398)
or LW change (P=0.741). No significant effect was observed for the
interaction between treatment× observation points for the variables
PCV (P= 0.599) and LW change (P= 0.293).

The evolution of the FEC and PCV for the treated (TG) and infected
(IG) groups throughout the observation points is shown in Fig. 2.
During all experimental points, the IG had a similar EPG (P > 0.05,
Fig. 2). In the second period, the suppression of GIN infection was
verified in the TG (EPG=0) (Fig. 2).

Observation point had a significant effect on the PCV and LW
change variables (P < 0.05). During observation points 1, 2 and 3, the
PCV was similar (23.33%, 24.50% and 22.75%, respectively;
P > 0.05). However, at the last observation point, the PCV was in-
creased to 24.75% (P < 0.05).

The initial LW of Criollo goats was 36.31 kg, which was reduced to
35.55 kg LW at the second observation point (P < 0.05) but increased
to 37.56 and 39.43 kg LW at observation points 3 and 4, respectively
(P < 0.05).

Faecal cultures obtained from experimental goats showed a mixed
natural infection during P1. Faeces from the IG group contained
40.98% Haemonchus spp, 39.03% Trichostrongylus spp and 19.98%
Oesophagostomum spp. In the same period, faeces from the TG group
contained 52.38% Haemonchus spp, 33.33% Trichostrongylus spp and
14.29% Oesophagostomum spp. During the four observation points, the
natural GIN infection of IG goats consisted of 15.38% Haemonchus spp,
46.15% Trichostrongylus spp and 38.46% Oesophagostomum spp.

L.K. Novelo-Chi et al. Behavioural Processes 162 (2019) 7–13
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4. Discussion

The ability of animals to change their feeding behaviour to alleviate
disease (i.e. self-medication) has been the focus of recent research.
Therefore, this study aimed to identify modifications of feeding beha-
viour of goats browsing a TDF when natural GIN infection was sup-
pressed.

4.1. Plant species consumed by goats

The plant species consumed by infected and dewormed goats in the
TDF were consistent with previous studies performed in similar types of
vegetation during the rainy and dry season (Flores and Bautista, 2012;
González-Pech et al., 2015; Ventura-Cordero et al., 2019). This is the
first study to identify the consumption of the herb Lantana camara in
goats grazing the TDF. Of note, L. camara was toxic to ruminants
causing hepatic lesions and photosensitivity (Bath and De Wet, 2000).
However, it was reported that cattle and goats in Zimbabwean range-
land readily consumed L. camara without toxicity (Gusha et al., 2016).
In our study, L. camara consumption represented less than 1% of the
DMI. Therefore, goats might have not crossed the L. camara intake
threshold to cause toxicity or clinical signs.

The proportion of grass species included in the diet of goats was
twice the quantity of shrubs consumed by goats. Such a high proportion
of grass in the diet can be considered a behavioural adaptation of goats
to the TDF, which is an environment characterized by a high CP con-
tribution from many plant species that are included in the diet of these
animals (González-Pech et al., 2015). Under such conditions, goats need
to ingest plant species with a low protein content to balance the pro-
tein:energy consumption. Furthermore, a previous field feeding beha-
viour study reported that the inclusion of grass as a source of dietary
energy might be a means to complement the nutritional characteristics
of shrubs species (Revell et al., 2013). This type of behaviour (high
consumption of grass) was only possible because the study was per-
formed during the rainy season when grass species are abundant in the

TDF. Other field studies performed in dessert rangelands or during the
dry season in the TDF of México, showed that browsing Criollo goats
consumed less grass (7.8%) than shrubs (92.1%) (Allegretti et al.,
2012). In addition, Criollo goats browsing the TDF during the dry
season only consumed 5.5% of grass, 36.3% of shrubs and 41.4% of
fallen pods and leaves (González-Pech et al., 2015). In these studies,
goats might have been exposed to very low grass availability. There-
fore, Criollo goats could not increase the consumption of grass materials
to balance their protein:energy requirement.

4.2. Feeding behaviour and macronutrient intake

During the first period of this study when goats in the two groups
had a natural infection, there was no difference in their feeding beha-
viour, as demonstrated by a similar number of bites and DMI for ani-
mals in the IG and TG. Furthermore, the suppression of natural GIN
infection in the TG was not enough to trigger changes in the feeding
behaviour of goats. The shift from naturally infected to non-infected
status in the TG did not promote an adjustment in the feeding beha-
viour expressed as the number of bites, DMI, CPI, DDMI and MEI. This
indicated that the whole macronutrient intake pattern may be better
explained as an adjustment by animals to meet nutrient requirements,
rather than coping with the GIN infection. The present study observed
that macronutrient consumption changed at the different points of
observation (from 1 to 4), except for the CPI which might have already
been in excess of the animals’ requirements (Ventura-Cordero et al.,
2019). These findings suggest that goats adjust their intake to meet
their nutrient requirements and is not associated with parasitic status.
Although the present study did not measure the plant biomass
throughout the experimental periods, and therefore cannot confirm the
role of plant availability on intake, recent studies showed that plant
availability, including that of TRP, is neither limiting the consumption
nor the selection of goats (Ventura-Cordero et al., 2018).

Table 1
Plant species consumed by infected and dewormed goats browsing a tropical deciduous forest.

Habit of plants Plant species

Creeper/Climber Cardiospermum halicacabum, Ipomoea crinicalyx*, Ipomoea nill, Morinda royoc, Passiflora foetida
Dicot herbaceous Alternathera flavescens, Blechum pyramidatum, Bourreria pulchra, Cnidoscolus aconitifolius, Gymnopodium floribundum*, Lantana Cámara,Parthenium

hysterophorus, Sida acuta, Tetramerium nervosum, Waltheria indica*
Grass Lasiacis divaricata, Chloris inflata, Eragrostis amabilis*, Eragrostis ciliaris
Shrubs Acacia collinsi, Acacia pennatula, Caesalpinia gaumeri, Leucaena leucocepahala*, Lysiloma latisiliquum, Mimosa bahamensis*, Senegalia gaumeri, Bahuinia divaricata,

Bunchosia swartziana, Cordia alliodora, Diospyros anisandra, Neomillspaughia emarginata*, Piscidia piscipula, Randia aculeata, Solanum trydinamum, Viguiera
dentata

Various Mixture of dry leaves, Mixture of pods

* Plant species consumed at 1% of daily dry matter intake or higher.

Table 2
Daily dry matter and macronutrient intake by infected and dewormed goats browsing a tropical deciduous forest.

Observation point 1 Observation point 2 Observation point 3 Observation point 4

IG TG IG TG IG TG IG TG SEM Treatment effect Point effect T× P

DMI (g DM) 329.89 336.10 617.98 708.60 548.52 487.56 322.30 548.56 97.277 0.367 0.014 0.492
CTI

(g CT/ kg DM)
76.91 55.47 19.18 37.70 14.39 12.19 17.91 22.93 9.038 0.997 0.001 0.129

CPI
(g CP/ kg DM)

45.54 49.09 66.82 78.56 59.21 58.99 43.46 53.47 11.046 0.420 0.097 0.964

MEI
(Mcal/ kg DM)

0.33 0.42 1.18 1.30 1.06 0.93 0.57 0.66 0.184 0.725 0.001 0.909

DDMI
(g DDM/ kg DM)

90.14 114.34 305.1 336.63 272.9 241.95 150.0 172.37 47.489 0.715 0.001 0.911

DMI= dry matter intake, CTI= condensed tannin intake, CPI= crude protein intake, MEI=metabolizable energy intake, DDMI=digestible dry matter intake.
IG= infected group, TG= treated group.
SEM= standard error of the mean.
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4.3. Condensed tannin consumption from tannin rich plants

In the present study we explored the consumption of TRP by goats
and how this consumption was affected by their GIN infection status.
We asked why adult Criollo goats free to graze the TDF did not increase
or decrease CTI according to their GIN infection status? We hypothe-
sized that the low GIN burden (measured as FEC) did not provoke any
signs of infection that could be alleviated by the intake of CT-rich feeds.
Earlier studies by Lisonbee et al. (2009) reported that infected lambs
consumed more grape pomace plus quebracho tannin (70:30%) when
they had higher infections compared with non-infected lambs. How-
ever, the consumption of a CT rich supplement was reduced when the
parasitic burden was decreased. Furthermore, a direct relationship be-
tween GIN infection and a preference for CT-rich feeds, in the form of
medicinal feed, was also suggested in a sheep pen trial (Juhnke et al.,
2012). In our study, naturally infected goats (IG) showed a similar CTI
pattern to that of dewormed goats (TG) indicating that parasitic status
was irrelevant. The CTI was higher at observation point 1 for both
experimental groups compared with observation points 2, 3 and 4. The
same pattern was observed for the intake of the 2 TRP with the highest
CT content (G. floribundum and N. emarginata; Table 3). Therefore, goats
substituted these TRPs for a higher intake of E. amabilis grass, char-
acterized by a null CT content (Ventura-Cordero et al., 2019). The latter
is in agreement with a previous study indicating that animals aimed to
balance the protein:energy ratio in a heterogeneous vegetation en-
vironment (Ventura-Cordero et al., 2018), while possibly reducing any
negative impact of CT, even when any possible AH effect is lost in the
naturally infected group (IG) (Trade-off) (Méndez-Ortíz, 2018).

4.4. GIN infection level, faecal cultures, packed cell volume and live weight

The FEC displayed by goats in the IG was low and similar during all
experimental observation points (Fig. 2). This low level of GIN infection
is common in goats browsing native vegetation in Yucatan (Torres-
Acosta et al., 2014). The foliage consumed from plant species in the

TDF did not further reduce the FEC of infected goats (IG) at all ob-
servation points. Therefore, a therapeutic self-medicative behaviour
was not identified in Criollo goats browsing a TDF. However, the goats
maintained a low FEC throughout the observation points during the
rainy season (˜500 EPG) (Fig. 2). This low GIN infection level might be
related to: i) a low infectivity of the TDF (˜3000 L3/kg DMI; Jaimez-
Rodríguez et al., submitted); ii) adult goats may have a strong immunity
against GIN, which causes a low infection; and iii) the PSC from many
different plant species consumed by goats in the TDF, many of which
have in vitro AH activity against GIN (Castañeda-Ramírez et al., 2017;
Castañeda-Ramírez et al., 2018). The AH activity of CT has been widely
investigated for many temperate and tropical plant species (Hoste et al.,
2012). As a result, the present trial focused on identifying the potential
behavioural modification of goats towards TRPs. Here, we confirmed
that goats did not modify their behaviour.

Recent studies showed an important interaction between the CT and
other secondary compounds leading to higher or lower AH activity, at
least under in vitro conditions. For example, Castañeda-Ramírez et al.
(2017) reported that extracts from the foliage of L. leucocephala, P.
piscipula, L. latisiliquum, A. pennatula and B. swartziana incubated with
polyvinylpolypyrrolidone (PVPP), used as a tannin blocking agent, in-
creased the AH activity against H. contortus eggs. These and other plant
species with in vitro AH activity were consumed by goats grazing the
TDF in our study. Therefore, interactions of PSC must also consider the
phytochemical profile of each plant. A qualitative phytochemical ana-
lysis from the extracts of L. leucocephala, P. piscipula, L. latisiliquum, A.
pennatula and B. swartziana resulted in the positive identification of
saponins, alkaloids, and terpenes (Mancilla, 2018). All these PSCs can
act alone, together or even as an antagonist of their AH activity (Katiki
et al., 2017). In such a complex environment, once the animal detects
plants that provide nutrients, and which might promote beneficial ef-
fects (such as AH activity), there might be no motivation to change their
feeding behaviour unless a negative consequence appears (i.e. toxicity,
antagonist effects). However, a recent study in the TDF suggest that the
feeding behaviour of goats is dynamic and depends on the nutritional

Table 3
Condensed tannin consumption (g/day) from tannin rich plants by infected and dewormed goats browsing a tropical deciduous forest.

Observation point 1 Observation point 2 Observation point 3 Observation point 4

Intake (g CT/day) IG TG IG TG IG TG IG TG SEM Treatment effect Point effect T× P

Gymnopodium floribundum 30.87 26.1 7.42 11.76 3.38 2.71 5.79 7.17 3.678 0.984 0.001 0.552
Leucaena leucocephala 3.56 4.99 5.02 8.86 3.53 4.52 4.60 7.15 1.850 0.287 0.152 0.751
Mimosa bahamensis 6.44 5.88 5.90 11.36 2.79 2.33 5.21 4.60 2.344 0.622 0.071 0.446
Neomillspaughia emarginata 35.59 17.79 0.29 5.20 4.24 2.12 1.91 3.58 5.984 0.410 0.001 0.279

IG= infected group, TG= treated group, SEM= standard error of the mean.

Fig. 2. Evolution of faecal egg count and packed cell
volume of treated (TG) and infected (IG) groups at all
observation points during the experimental period.
The solid lines represent the faecal egg count of the
Infected group (black circles) and Treated group (open
circles). The dashed lines represent the packed cell
volume of the Infected group (black squares) and the
Treated group (open squares).
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context of the grazing site in the heterogenous vegetation (Ventura-
Cordero et al., 2018).

The PCV values displayed by the IG and TG were similar. Therefore,
natural GIN infection in IG animals did not disturb their homeostasis
(anaemia). This result also supports the absence of motivation to
change their feeding behaviour. In contrast, the work by Amit et al.
(2013) showed that parasitized Mamber goats had a lower PCV than
non-parasitized goats, and that these clinically affected parasitized
goats consumed more TRP. The difference between studies suggests
that the presence or absence of a change in feeding behaviour depends
on the parasitic infection level. This was confirmed by the similar LWC
between experimental groups. A recent meta-analysis study showed
that> 2,500 adult parasites are necessary to observe a significant ne-
gative impact on the LW change in lambs (Méndez-Ortíz et al., 2019).

5. Conclusion

The suppression of natural GIN infection did not modify the feeding
behaviour of goats browsing a TDF. Criollo goats naturally infected
with GIN (IG) or treated with moxidectin (TG) had similar DMI, CTI,
CPI, MEI and DDMI. The suppression of GIN infection did not affect LW
change or PCV in Criollo goats. The latter suggests the GIN infection
was insufficient to trigger a change in the feeding behaviour of goats.
Therefore, therapeutic self-medicative behaviour was not identified in
Criollo goats browsing a TDF.

Criollo goats obtain nutrients from the TDF but its high CP content
leads goats to search for low protein feedstuffs such as grass despite the
greater risk of GIN infection. This study suggests the existence of pro-
phylactic self-medication that might be driven towards balancing the
energy:protein ratio of harvested plant materials. This information
might aid the design of supplementation strategies to help browsing
animals achieve optimal productivity. Animals with an enhanced nu-
tritional status will require less AH treatment with commercial drugs,
which might help delay the development of AH resistant worms.

Ethical statement

All procedures performed in studies involving animals were in ac-
cordance with the ethical standards of the institution at which the
studies were conducted.

Conflict of interest statement

The authors declare that they have no conflict of interest that could
have direct or potential influence or impart bias on the work included
in this paper

Acknowledgements

This study received financial support from project No. CB-2013-01/
221041 and Scholarship No. 437656 from the Consejo Nacional de
Ciencia y Tecnología, México (CONACYT). The authors would like to
thank the staff of the Facultad de Medicina Veterinaria y Zootecnia –
Universidad Autónoma de Yucatán whose help in the identification of
plants from the heterogeneous vegetation of Yucatan was a determinant
for the success of the project.

References

Agreil, C., Meuret, M., 2004. An improved method for quantifying intake rate and in-
gestive behaviour of ruminants in diverse and variable habitats using direct ob-
servation. Small Rumin. Res. 54, 99–113. https://doi.org/10.1016/j.smallrumres.
2003.10.013.

Aharon, H., Henkin, Z., Ungar, E.D., Kababya, D., Baram, H., Perevolotsky, A., 2007.
Foraging behaviour of the newly introduced Boer goat breed in a Mediterranean
woodland: a research observation. Small Rumin. Res. 69, 144–153. https://doi.org/
10.1016/j.smallrumres.2006.01.004.

Allegretti, L., Sartor, C., Paez Lama, S., Egea, V., Fucili, M., Passera, C., 2012. Effect of the
physiological state of Criollo goats on the botanical composition of their diet in NE
Mendoza, Argentina. Small Rumin. Res. 103, 152–157. https://doi.org/10.1016/j.
smallrumres.2011.09.018.

Altman, J., 1974. Observational study of behavior: sampling methods. Behaviour 49,
227–267.

Amit, M., Cohen, I., Marcovics, A., Muklada, H., 2013. Self-medication with tannin-rich
browse in goats infected with gastro-intestinal nematodes. Vet. Parasitol. 198,
305–311. https://doi.org/10.1016/j.vetpar.2013.09.019.

Bath, G., De Wet, J., 2000. Sheep and Goat Diseases, 1st ed. Tafelberg Publishers, Cape
Town.

Bueso-Ródenas, J., Romero, G., Roca, A., Díaz, J.R., 2014. Effect of one automatic cluster
remover (ACR) setting on milking efficiency on Murciano – Granadina goats. Livest.
Sci. 161, 193–200. https://doi.org/10.1016/j.livsci.2014.01.008.

Castañeda-Ramírez, G.S., Torres-Acosta, J.F.J., Sandoval-Castro, C.A., González-Pech,
P.G., Parra-Tabla, V.P., Mathieu, C., 2017. Is there a negative association between the
content of condensed tannins, total phenols, and total tannins of tropical plant ex-
tracts and in vitro anthelmintic activity against Haemonchus contortus eggs?
Parasitol. Res. 116, 3341–3348. https://doi.org/10.1007/s00436-017-5650-4.

Castañeda-Ramírez, G.S., Rodríguez-Labastida, M., Ortiz-Ocampo, G.I., González-Pech,
P.G., Ventura-Cordero, J., Borges-Argáez, R., Torres-Acosta, J.F.J., Sandoval-Castro,
C.A., Mathieu, C., 2018. An in vitro approach to evaluate the nutraceutical value of
plant foliage against Haemonchus contortus. Parasitol. Res. 117, 3979–3991. https://
doi.org/10.1007/s00436-018-6107-0.

Corticelli, B., Lai, M., 1963. Studies on the technique of culture of infective larvae of
gastrointestinal strongyles of cattle. Acta Med. Vet. (Napoli) 9, 347–357.

Costes-Thiré, M., Villalba, J.J., Hoste, H., Ginane, C., 2018. Increased intake and pre-
ference for tannin-rich sainfoin (Onobrychis viciifolia) pellets by both parasitized and
non-parasitized lambs after a period of conditioning. Appl. Anim. Behav. Sci. 203,
11–18. https://doi.org/10.1016/j.applanim.2018.02.015.

Flores, J.S., Bautista, F., 2012. Knowledge of the Yucatec Maya in seasonal tropical forest
management: the forage plants. Rev. Mex. Biodivers. 83, 503–518. https://doi.org/
10.7550/RMB.32320.

Flores, J.S., Vermont-Ricalde, R.M., Kantún-Balam, J.M., 2006. Leguminosae diversity in
the Yucatan Peninsula and its importance for sheep and goat feeding. In: Sandoval-
Castro, C.A., deB Hovell, F.D., Torres-Acosta, J.F.J., Ayala-Burgos, A. (Eds.),
Herbivores: Assessment of Intake, Digestibility and the Roles of Secondary
Compounds. Nothtihgham University Press, Nottingham, pp. 291–299.

González-pech, P.G., Marín-tun, C.G., Valladares-gonzález, D.A., Ventura-cordero, J.,
Ortiz-ocampo, G.I., Cámara-sarmiento, R., Sandoval-castro, C.A., Torres-acosta,
J.F.J., 2018. A protocol of human animal interaction to habituate young sheep and
goats for behavioural studies. Behav. Processes 157, 632–637. https://doi.org/10.
1016/j.beproc.2018.04.007.

González-Pech, P.G., Torres-Acosta, J.F.J., Sandoval-Castro, C.A., 2014. Adapting a bite
coding grid for small ruminants browsing a deciduous tropical forest. Trop. Subtrop.
Agroecosyst. 17, 63–70.

González-Pech, P.G., de Jesús Torres-Acosta, J.F., Sandoval-Castro, C.A., Tun-Garrido, J.,
2015. Feeding behavior of sheep and goats in a deciduous tropical forest during the
dry season: the same menu consumed differently. Small Rumin. Res. 133, 128–134.
https://doi.org/10.1016/j.smallrumres.2015.08.020.

Gusha, J., Masocha, M., Muchaya, K., Ncube, S., 2016. Chemical analysis of the potential
contribution of Lantana camara to the nutrition of browsing livestock. Trop. Subtrop.
Agroecosyst. 19, 337–342.

Hansen, J., Perry, B., 1994. The Epidemiology, Diagnosis and Control of Helminth
Parasites of Ruminants, 2nd ed. International Laboratory for Research on Animal
Diseases, Nairobi.

Hoste, H., Martinez-Ortiz-De-Montellano, C., Manolaraki, F., Brunet, S., Ojeda-Robertos,
N., Fourquaux, I., Torres-Acosta, J.F.J., Sandoval-Castro, C.A., 2012. Direct and in-
direct effects of bioactive tannin-rich tropical and temperate legumes against ne-
matode infections. Vet. Parasitol. 186, 18–27. https://doi.org/10.1016/j.vetpar.
2011.11.042.

Juhnke, J., Miller, J., Hall, J.O., Provenza, F.D., Villalba, J.J., 2012. Preference for con-
densed tannins by sheep in response to challenge infection with Haemonchus con-
tortus. Vet. Parasitol. 188, 104–114. https://doi.org/10.1016/j.vetpar.2012.02.015.

Katiki, L.M., Gomes, A.C.P., Barbieri, A.M.E., Pacheco, P.A., Rodrigues, L., Veríssimo,
C.J., Gutmanis, G., Piza, A.M., Louvandini, H., Ferreira, J.F.S., 2017. Terminalia
catappa: Chemical composition, in vitro and in vivo effects on Haemonchus con-
tortus. Vet. Parasitol. 246, 118–123. https://doi.org/10.1016/j.vetpar.2017.09.006.

Lisonbee, L.D., Villalba, J.J., Provenza, F.D., 2009. Effects of tannin on selection by sheep
of forages containing alkaloids, tannins and saponins. J. Sci. Food Agric. 89,
2668–2677. https://doi.org/10.1002/jsfa.3772.

Mancilla, G., 2018. Reporte de estancia técnica (In spanish). Yucatán, México. .
Martínez-Ortíz-de-Montellano, C., Vargas-Magaña, J.J., Canul-Ku, H.L., Miranda-

Soberanis, R., Capetillo-Leal, C., Sandoval-Castro, C.A., Hoste, H., Torres-Acosta,
J.F.J., 2010. Effect of a tropical tannin-rich plant Lysiloma latisiliquum on adult
populations of Haemonchus contortus in sheep. Vet. Parasitol. 172, 283–290. https://
doi.org/10.1016/j.vetpar.2010.04.040.

Méndez-Ortíz, F.A., 2018. Costo metabólico del parasitismo y su relación con el consumo
de Gymonopodium floribundum en ovinos en crecimiento. Ph.D. Thesis. Universidad
Autónoma de Yucatán, México.

Méndez-Ortíz, F.A., Sandoval-Castro, C.A., Vargas-Magaña, J.J., Sarmiento-Franco, L.,
Torres-Acosta, J.F.J., Ventura-Cordero, J., 2019. Impact of gastrointestinal parasitism
on dry matter intake and live weight gain of lambs: a meta-analysis to estimate the
metabolic cost of gastrointestinal nematodes. Vet. Parasitol. 265, 1–6. https://doi.
org/10.1016/J.VETPAR.2018.11.008.

Min, B.R., Barry, T.N., Attwood, G.T., McNabb, W.C., 2003. The effect of condensed

L.K. Novelo-Chi et al. Behavioural Processes 162 (2019) 7–13

12

https://doi.org/10.1016/j.smallrumres.2003.10.013
https://doi.org/10.1016/j.smallrumres.2003.10.013
https://doi.org/10.1016/j.smallrumres.2006.01.004
https://doi.org/10.1016/j.smallrumres.2006.01.004
https://doi.org/10.1016/j.smallrumres.2011.09.018
https://doi.org/10.1016/j.smallrumres.2011.09.018
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0020
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0020
https://doi.org/10.1016/j.vetpar.2013.09.019
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0030
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0030
https://doi.org/10.1016/j.livsci.2014.01.008
https://doi.org/10.1007/s00436-017-5650-4
https://doi.org/10.1007/s00436-018-6107-0
https://doi.org/10.1007/s00436-018-6107-0
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0050
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0050
https://doi.org/10.1016/j.applanim.2018.02.015
https://doi.org/10.7550/RMB.32320
https://doi.org/10.7550/RMB.32320
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0065
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0065
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0065
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0065
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0065
https://doi.org/10.1016/j.beproc.2018.04.007
https://doi.org/10.1016/j.beproc.2018.04.007
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0075
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0075
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0075
https://doi.org/10.1016/j.smallrumres.2015.08.020
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0085
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0085
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0085
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0090
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0090
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0090
https://doi.org/10.1016/j.vetpar.2011.11.042
https://doi.org/10.1016/j.vetpar.2011.11.042
https://doi.org/10.1016/j.vetpar.2012.02.015
https://doi.org/10.1016/j.vetpar.2017.09.006
https://doi.org/10.1002/jsfa.3772
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0115
https://doi.org/10.1016/j.vetpar.2010.04.040
https://doi.org/10.1016/j.vetpar.2010.04.040
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0125
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0125
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0125
https://doi.org/10.1016/J.VETPAR.2018.11.008
https://doi.org/10.1016/J.VETPAR.2018.11.008


tannins on the nutrition and health of ruminants fed fresh temperate forages: a re-
view. Anim. Feed Sci. Technol. 106, 3–19. https://doi.org/10.1016/S0377-8401(03)
00041-5.

Parsons, A.J.J., Newmant, J.A., Penning, P.D., Harvey, A., 2018. Diet preference of sheep:
effects of recent diet, physiological state and species abundance. J. Anim. Ecol. 63,
465–478.

Penning, P.D., Parsons, A.J., Newman, J.A., Orr, R.J., Harvey, A., 1993. The effects of
group size on grazing time in sheep. Appl. Anim. Behav. Sci. 37, 101–109.

Revell, D.K.A., Norman, H.C.A., Vercoe, P.E.B., Phillips, N.A., Toovey, A.A., Bickell, S.C.,
2013. Australian perennial shrub species add value to the feed base of grazing live-
stock in low- to medium-rainfall zones. Anim. Prod. Sci. 53, 1221–1230. https://doi.
org/10.1071/AN13238.

Rogosic, J., Estell, R.E., Ivankovic, S., Kezic, J., Razov, J., 2008. Potential mechanisms to
increase shrub intake and performance of small ruminants in mediterranean shrubby
ecosystems. Small Rumin. Res. 74, 1–15. https://doi.org/10.1016/j.smallrumres.
2007.07.006.

Sanon, H.O., Kaboré-Zoungrana, C., Ledin, I., 2007. Behaviour of goats, sheep and cattle
and their selection of browse species on natural pasture in a Sahelian area. Small
Rumin. Res. 67, 64–74. https://doi.org/10.1016/j.smallrumres.2005.09.025.

Singer, M.S., Mace, K.C., Bernays, E.A., 2009. Self-Medication as Adaptive Plasticity:
Increased Ingestion of Plant Toxins by Parasitized Caterpillars. PLoS One 4, e4796.
https://doi.org/10.1371/journal.pone.0004796.

Torres-Acosta, J.F.J., Jacobs, D.E., 1999. Duration of activity of oral moxidectin against
Haemonchus contortus, Teladorsagia circumcincta and Trichostrongylus colu-
briformis in goats. Vet. Rec. 144, 648–649.

Torres-Acosta, J.F.J., Jacobs, D.E., Aguilar-Caballero, A., Sandoval-Castro, C., May-
Martinez, M., Cob-Galera, L.A., 2004. The effect of supplementary feeding on the
resilience and resistance of browsing Criollo kids against natural gastrointestinal
nematode infections during the rainy season in tropical Mexico. Vet. Parasitol. 124,
217–238. https://doi.org/10.1016/j.vetpar.2004.07.009.

Torres-Acosta, J.F.J., Jacobs, D.E., Aguilar-Caballero, A.J., Sandoval-Castro, C., Cob-
Galera, L., May-Martínez, M., 2006. Improving resilience against natural gastro-
intestinal nematode infections in browsing kids during the dry season in tropical
Mexico. Vet. Parasitol. 135, 163–173. https://doi.org/10.1016/j.vetpar.2005.08.

009.
Torres-Acosta, J.F.J., Pérez-Cruz, M., Canul-Ku, H.L., Soto-Barrientos, N., Cámara-sar-

miento, R., Aguilar-Caballero, A.J., Lozano-Argáes, I., Le-Bigot, C., Hoste, H., 2014.
Building a combined targeted selective treatment scheme against gastrointestinal
nematodes in tropical goats. Small Rumin. Res. 121, 27–35. https://doi.org/10.1016/
j.smallrumres.2014.01.009.

Ventura-Cordero, J., González-Pech, P.G., Jaimez-Rodriguez, P.R., Ortiz-Ocampo, G.I.,
Sandoval-Castro, C.A., Torres-Acosta, J.F.J., 2017. Gastrointestinal nematode infec-
tion does not affect selection of tropical foliage by goats in a cafeteria trial. Trop.
Anim. Health Prod. 49, 97–104. https://doi.org/10.1007/s11250-016-1163-x.

Ventura-Cordero, J., González-Pech, P.G., Sandoval-Castro, C.A., Tun-Garrido, J., Torres-
Acosta, J.F.J., 2018. Feed resource selection by Criollo goats browsing a tropical
deciduous forest. Anim. Prod. Sci. 58, 2314–2320. https://doi.org/10.1071/
AN16388.

Ventura-Cordero, J., González-Pech, P.G., Torres-Acosta, J.F.J., Tun-Garrido, J.,
Sandoval-Castro, C.A., 2019. Sheep and goat browsing a tropical deciduous forest
during the rainy season: why does similar plant species consumption result in dif-
ferent nutrient intake? Anim. Prod. Sci. 59, 66–72. https://doi.org/10.1071/
AN16512.

Villalba, J.J., Provenza, F.D., Hall, J.O., Lisonbee, L.D., 2010. Selection of tannins by
sheep in response to gastrointestinal. J. Anim. Sci. 2189–2198. https://doi.org/10.
2527/jas.2009-2272.

Villalba, J.J., Miller, J., Hall, J.O., Clemensen, A.K., Stott, R., Snyder, D., Provenza, F.D.,
2013. Preference for tanniferous (Onobrychis viciifolia) and non-tanniferous
(Astragalus cicer) forage plants by sheep in response to challenge infection with
Haemonchus contortus. Small Rumin. Res. 112, 199–207. https://doi.org/10.1016/j.
smallrumres.2012.11.033.

Waghorn, G.C., McNabb, W.C., 2003. Consequences of plant phenolic compounds for
productivity and health of ruminants. Proc. Nutr. Soc. 62, 383–392. https://doi.org/
10.1079/PNS2003245.

Yiakoulaki, M.D., Zarovali, M.P., Papanastasis, V.P., 2009. Foraging behaviour of sheep
and goats grazing on silvopastoral systems in Northern Greece. In: Papachristou, T.G.,
Parissi, Z.M., Ben Salem, H., Morand-fehr, P. (Eds.), Nutritional and Foraging Ecology
of Sheep and Goats. Options Mediterraneennes, Series A, pp. 79–84 Zaragoza.

L.K. Novelo-Chi et al. Behavioural Processes 162 (2019) 7–13

13

https://doi.org/10.1016/S0377-8401(03)00041-5
https://doi.org/10.1016/S0377-8401(03)00041-5
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0140
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0140
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0140
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0145
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0145
https://doi.org/10.1071/AN13238
https://doi.org/10.1071/AN13238
https://doi.org/10.1016/j.smallrumres.2007.07.006
https://doi.org/10.1016/j.smallrumres.2007.07.006
https://doi.org/10.1016/j.smallrumres.2005.09.025
https://doi.org/10.1371/journal.pone.0004796
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0170
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0170
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0170
https://doi.org/10.1016/j.vetpar.2004.07.009
https://doi.org/10.1016/j.vetpar.2005.08.009
https://doi.org/10.1016/j.vetpar.2005.08.009
https://doi.org/10.1016/j.smallrumres.2014.01.009
https://doi.org/10.1016/j.smallrumres.2014.01.009
https://doi.org/10.1007/s11250-016-1163-x
https://doi.org/10.1071/AN16388
https://doi.org/10.1071/AN16388
https://doi.org/10.1071/AN16512
https://doi.org/10.1071/AN16512
https://doi.org/10.2527/jas.2009-2272
https://doi.org/10.2527/jas.2009-2272
https://doi.org/10.1016/j.smallrumres.2012.11.033
https://doi.org/10.1016/j.smallrumres.2012.11.033
https://doi.org/10.1079/PNS2003245
https://doi.org/10.1079/PNS2003245
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0220
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0220
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0220
http://refhub.elsevier.com/S0376-6357(16)30317-5/sbref0220

	Gastrointestinal nematode infection and feeding behaviour of goats in a heterogeneous vegetation: No evidence of therapeutic self-medication
	Introduction
	Materials and methods
	Study site
	Animals and experimental conditions
	Intake estimations through continuous bite monitoring by direct observation
	Macronutrient and condensed tannin consumption
	GIN infection level and packed cell volume
	Data and statistical analysis

	Results
	Plant species consumed by goats
	Feeding behaviour and macronutrient intake
	Condensed tannin consumption obtained from tannin rich plants
	GIN infection level, faecal cultures, packed cell volume and live weight

	Discussion
	Plant species consumed by goats
	Feeding behaviour and macronutrient intake
	Condensed tannin consumption from tannin rich plants
	GIN infection level, faecal cultures, packed cell volume and live weight

	Conclusion
	Ethical statement
	Conflict of interest statement
	Acknowledgements
	References




