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Seasonal differences in dietary compositions of Blood Pheasant (Ithaginis
cruentus): a study focuses on bryophytes from feces analysis

Diferencias estacionales en composiciones dietéticas del Faisan Sangriento (I/thaginis
cruentus): un estudio se enfoca en briofitos a partir del analisis de heces

Yingqiang Lou 12, Kai Song?, Yang Hrmgfz, Yun Fan{fz , Meizhi Wangf“‘, Huw Llovd’ and Yue-Hua Sun’

ABSTRACT. The Blood Pheasant (Ithaginis cruentus) may be unique amongst Galliformes species in that it is believed to forage primarily
on bryophytes. Yet there are few quantitative studies that have examined the species diet and how this might vary seasonally, as these
data could shed some light on how such species are able to adapt to harsher, cold montane environments. To help fill this knowledge
gap, we used microhistological fecal analysis to determine the dietary composition of a Blood Pheasant population at Lianhuashan
Nature Reserve in Gansu Province, China. A total of 149 fresh feces samples of Blood Pheasant were collected continuously from April
2011 to October 2013 (spanning all four seasons) along 18 km of roads in the reserve. Bryophytes were the most abundant items in the
fecal samples (99.8%), of which 11 families were recognized. Mniaceae was present in nearly all fecal samples and constituted the main
dietary component across the population. There was significant seasonal variation in bryophyte presence in fecal samples, with the
proportion of bryophytes lowest in summer, and highest during autumn. In addition, the digestibility of bryophytes was also highest in
autumn compared to other seasons. Our results highlight a degree of dietary plasticity by Blood Pheasants and we discuss how this
variation enables them to adapt to local seasonal climatic conditions in their montane environment.

RESUMEN. El Faisan Sangriento ({thaginis cruentus) puede ser Unico entre las especies de Galliformes en el hecho de que forrajea
primariamente de bridfitos. Sin embargo hay pocos estudios cuantitativos que han examinado la dieta de la especie y como ésta puede
variar estacionalmente, ya que estos datos podrian dilucidar un poco como tal especie se adapta a ambientes montanos mas duros y
frios. Para ayudar a llenar este vacio de conocimiento, usamos analisis microhistologico fecal para determinar la composicion dietética
de una poblacion de Faisan Sangriento en la Reserva Natural Lianhuashan en la Provincia Gansu, China. Un total de 149 muestras de
heces de Faisan Sangriento fueron colectadas continuamente desde Abril 2011 hasta Octubre 2013 (cubriendo las 4 estaciones) a lo largo
de carreteras de 18 km en la reserva. Los Bridfitos fueron los items mas abundantes en las muestras fecales (99.8%), de las cuales 11
familias fueron reconocidas. Mniaceae estuvo presente en casi todas las muestras fecales y constituyo el componente dietético principal
en la poblacién. Hubo una variacion estacional significativa en la presencia de briofitos en las muestras fecales, con la menor proporcion
en verano y la mayor durante otoflo. Ademas, la digestabilidad de los bridfitos fue la mas alta en otoflo comparada con otras estaciones.
Nuestros resultados resaltan un nivel de plasticidad dietética en el Faisan Sangriento y discutimos como esta variacion les permite
adaptarse a condiciones climaticas estacionales locales en su ambiente montano.
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INTRODUCTION resources are abundant, individuals are expected to increase their

Dietary research on animal species is crucial to further our
understanding of animal ecology and evolution (Putman 1984,
Sutherland et al. 2004). Diet is associated with many life history
strategies of animals, such as behavioral (Levin et al. 2009) and
energy intake strategies (Sih and Christensen 2001). Studies on
dietary compositions can provide information on resource
utilization, food abundance, and seasonal variation in resources
available for a given animal species (Hammerschlag et al. 2010),
and also shed some light on patterns of habitat selection, which
is crucial for animal conservation (Putman 1984, Baubet et al.
2004).

For animals in general, there is a trade-off between food
abundance, handling time, nutritional value, and digestibility of
food resources (Bjorkvoll et al. 2009). When high-quality food

foraging activities on these food types (Emlen 1966). Among the
food types of animals, bryophytes are a kind of special food
resource. Several studies have revealed that bryophytes contain
protein, carbohydrate, and lipid compounds (Prins 1982), and they
are known to have low nutrient and caloric values (Emlen 1966).
Furthermore, bryophytes contain high concentration of lignin-like
compounds (Popper 2008), which hinder access to the more
digestible cell content, reducing their digestibility, and resulting in
very low metabolized energy content (Prins 1982). Therefore, only
a few bird species forage mainly on bryophytes (Prins 1982, Glime
2017), especially in the cold environment (Russo et al. 2020). For
example, in sub-Antarctic South America, White-bellied Seedsnipe
(Attagis malouinus) and Upland Geese (Chloephaga picta) consume
bryophytes frequently (Lazaro et al. 2021).
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Given temporal and seasonal changes in food quality (e.g.,
nutrient content) and quantity, animals need to adjust their
dietary composition accordingly (Blanco-Fontao et al. 2010,
Whelan et al. 2015, Bravo et al. 2016). For example, White-cared
Hummingbird (Basilinna leucotis) forage for arthropods in a
higher proportion during the warm-dry season when floral nectar
is scarce (Maya-Garcia et al. 2024). Black Grouse (Lyrurus tetrix)
are known to favor fruits, flowers, and seeds in summer but
consume predominantly leaves during the winter period (Beeston
et al. 2005). To our knowledge at least, there are few studies that
have quantified the prevalence and seasonal variation of
bryophytes in the diets of high-elevation montane vertebrate
species.

The Blood Pheasant ([thaginis cruentus) is a medium-sized
montane Galliforme species, that inhabits coniferous and mixed
forests at altitudes of 2100-4600 m above sea level. A limited
number of studies (Shi and Li 1985, Yao 1992, Wang et al. 2011)
have revealed that bryophytes and leaves form part of the species’
diets in winter and spring (Shi and Li 1985), whilst leaves, berries,
invertebrates, and bryophytes form part of their summer and
autumn diet (Li and Li 1981). Thus, Blood Pheasant is a suitable
species to examine variation in the prevalence and variation of
bryophytes in their diet. Yet such studies are difficult to undertake
given the furtive behavior of the species and the difficulty of
distinguishing different food items by observations alone (Wang
et al. 2011). Here, we investigate seasonal variation in the dietary
composition of a wild Blood Pheasant population, in the
Lianhuashan Nature Reserve in Gansu province, China. Given
that, in our study area, Blood Pheasant is very sensitive to human
disturbance, and the difficulties associated with making direct
observations of the species’ feeding behavior, we used
microhistological fecal method to quantify the species diet
(Holechek et al. 1982), which depends on the resistance of
digestion. Our objectives of this study are three-fold: (1) to
describe the dietary compositions of the Blood Pheasant, (2) and
dietary compositions of bryophytes, (3) to determine whether the
proportion and the digestibility of bryophytes varied seasonally.

METHODS

Study area

The study was conducted at the Shahetan station in the core area
of the Lianhuashan Natural Reserve, southern Gansu Province,
China. The elevation of the Shahetan station is 2864 m, and mean
temperature of the whole year ranges from 3.2 to 4.6 °C. There
are four major types of vegetation: (1) conifer forests, dominated
by spruces (Picea asperata) and firs (Abies fabri); (2) deciduous
forests, dominated by birches (Betula platyphylla) and willows
(Salix spp.); (3) shrubs, containing willows, roses (Rosa L.), and
honeysuckles (Lonicera japonica); (4) ground vegetation,
dominated by moss (Bryophyte spp.), grass (Gramineae spp.), and
berries (Fragaria orientalis). Detailed information on the
vegetation found in the region can be found in Sun et al. (2003).
According to the local climate conditions, we defined spring as
occurring between April to May, summer occurs between June to
August, September to October corresponded to autumn, and
November to March corresponded to winter.
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Diet analysis

Fresh feces of Blood Pheasant were collected from 18 km of the
main roads (the width ranges from 1 to 3 m) of our study area
over four seasons. Blood Pheasant feces are easily recognizable in
the wild because the fecal shape is very different to those of other
sympatry Phasianidae species (Blue eared pheasant, Crossoptilon
auritum, and Chinese grouse, Tetrastes sewerzowi) also found in
the study area; the shape of Blue Eared Pheasant feces is the
largest, the Blood Pheasant is the medium, and the Chinese Grouse
is the smallest. Furthermore, the feces of Blood Pheasant typically
contain visible quantities of undigested moss and grass. We
collected fresh feces during four seasons, after which, we placed
them in a ventilated place until they reached a constant weight
and stored them in valve bags for subsequent laboratory analysis.
In total, 149 fecal samples were collected at Lianhuashan Natural
Reserve from April 2011 to October 2013, including 48 samples
duringspring, 23 during summer, 41 during autumn, and 37 during
winter.

Each fecal sample was dispersed and mixed in water prior to
analysis. We first took 30 pL from the mixture, and applied it to
microscope slides, each of which was systematically examined at
100X magnification under a microscope (OLYMPUS CX21).
Because of the high digestion of fruits, which could not be found
in the feces, we only classified food items into bryophytes and
spermatophytes according to the observed cell structure:
bryophytes were recognizable because of their monolayer cell
structure, whereas spermatophytes were recognizable from their
multilayered cell structure. We estimated the percentage of
different plant types in each sample while systematically counting
each plant type in each sample, to avoid double counting. Because
of the difficulties in identifying spermatophytes by using a
microscope (Chapuis 1979, Atsalis 1999, Scheiffarth 2001), only
bryophytes were identified to families from their distinctive
morphological features retained in the fecal samples (Iwatsukiand
Mizutani 1981). To identify the family of bryophytes, each sample
was viewed under a microscope at 400X magnification (Iwatsuki
and Mizutani 1981). The cells were identified by comparison with
a reference collection of bryophytes from Lianhuashan Nature
Reserve (unpublished data).

We also estimated the percentage of Mniaceae in the bryophytes
in each sample, and based on the digestion of border cells (Fig.
1), we were able to classify the digestibility of bryophytes into four
levels: first level, only the outermost cells of bryophytes were
digested, which represented the lowest digestion condition.
Second level, where digestion of the bryophytes included marginal
border cells. For the third level, the extent of digestion included
marginal border cells and partial mesophyll cells. For the final
fourth level, which we considered the highest digestion condition,
bryophytes were digested to the extent that only a few mesophyll
cells and veins were visible, which was the highest digestion
condition. To reduce the variation estimated by different
observers, all identifications and estimations were done by the
same person (M. Wang).

Data analysis

Kruskal-wallis tests were used to investigate seasonal differences
in the consumption of bryophytes, spermatophyte, Mniaceae, and
digestibility of bryophytes. The Dunn tests were used to investigate
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Fig. 1. Diagram illustrating the leaf structure of Mniaceae
(400X magnification). A: original leaf structure; B:
representation of the first level of bryophyte digestibility in the
fecal samples; C: the second level of bryophyte digestibility; D:
the third level of bryophyte digestibility; E: the fourth and
highest level of bryophyte digestibility in the fecal samples.
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the differences between each two seasons. Spearman rank
correlation was used to examine the relationship between
proportion of bryophytes and Mniaceae in fecal samples.
Diversity of bryophytes families from samples collected in each
season was estimated using the Shannon-Wiener index. Kruskal-
wallis test was used to investigate the differences of Shannon-
Wiener index among seasons.

RESULTS

Diet composition of Blood Pheasant at Lianhuashan

We found that the bryophytes and spermatophytes were more
frequently consumed and they presented in 99.80% and 93.36%
of Blood Pheasant feces, respectively. The mean percentage of
bryophytes and spermatophyte was 54.16% and 44.84%,
respectively, in total feces samples. Blood Pheasant consumed 11
families of bryophytes, including Mniaceae, Thuidiacea,
Hypnaceae, Brachytheciaceae, Entodontaceae, Pottiaceae,
Bryaceae, Philonotis, Grimmiaceae, Sematophyllaceae, Meteoriacea
(see Table 1). Furthermore, Mniaceae was the most frequently
occurring bryophyte family in the samples (97.14%), and the
proportion of Mniaceae intake was positively correlated with the
proportion of moss intake (r, = 0.803, P < 0.001). Three families
of bryophytes, Philonotis, Grimmiaceae, and Meteoriaceae,
along with capsules of bryophytes, were only recorded on one
occasion, and all were recorded from autumn fecal samples.

Seasonal variation of diet composition and diversity

There were significant differences in Blood Pheasant diet among
seasons, both in bryophytes and spermatophytes (H = 11.630, P
= 0.009; H = 11.630, P = 0.009, respectively, Fig. 2A). The
proportion of bryophytes was higher in spring, autumn, and
winter than summer (Table 2), while the proportion of
spermatophytes was higher in summer than other three seasons
(Table 2). The percentage of Mniaceae in the fecal samples was
significantly different among seasons (H = 23.689, P <0.001, Fig.
2B) and it was higher in autumn than the other three seasons
(Table 3). The digestibility of bryophytes also exhibited significant
seasonal variation (H = 84.311, P < 0.001, Fig. 2C), and it was
higher in autumn than the other three seasons (Table 4). Diversity
of bryophytes in fecal samples was fairly similar across all seasons
(H = 1.663 spring; H = 1.389 summer; H = 1.794 autumn; H =
1.817 winter), and there was no significant difference among
seasons (H = 3, P = 0.392).
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Table 1. The occurrences of main moss families in the feces of
Blood Pheasant (Ithaginis cruentus) at Lianhuashan Nature
Reserve from April 2011 to October 2013.

Season 1 11 111 v \4 VI VII Digestibility
Spring 979 404 298 43 660 43 10.6 2.65(1-3)
Summer 95.7 435 34.8 0 783 87 8.7 2.57(2-3)
Autumn  97.6  58.5 0 17.1 439 49 7.3 3.87 (2-4)
Winter 973 81.1 378 81 405 27 243 2.78 (2-4)

Note: the number represents each family as the following: Mniaceae (I),
Hypnaceae (1), Brachytheciaceae (II1), Pottiaceae (IV), Thuidiacea (V),
Sematophyllaceae (VI), Entodontaceae (VII) during four seasons. The
digestibility was shown as mean (ranges). The values of occurrences were shown
in proportions (%).

Fig. 2. Seasonal variation in dietary components in Blood
Pheasant ({thaginis cruentus) fecal samples collected at
Lianhuashan from 2011 to 2013. (A) seasonal variation in the
main dietary components in fecal samples. Blank bar represents
bryophytes and grey represents spermatophytes; (B) Seasonal
variation in the proportion of Mniaceae in fecal samples; and
(C) Seasonal variation in digestibility of bryophytes in fecal
samples. The upper whiskers of the bars represent the standard
deviation in the figures.
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Table 2. Multiple comparisons of bryophytes and
spermatophytes in Blood Pheasant (Ithaginis cruentus) across
seasons.
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Table 3. Multiple comparisons of percentages of Mniaceae in
the fecal samples in Blood Pheasant (I/thaginis cruentus) across
seasons.

Diet Seasons Z P value Seasons Z P
Bryophytes Spring vs summer 2.753 0.018 Spring vs summer 0.844 1
Spring vs autumn -0.750 1 Spring vs autumn -4.697 <0.001
Spring vs winter 0.016 1 Spring vs winter -4.656 0.658
Summer vs autumn -3.292 0.003 Summer vs autumn -1.228 <0.001
Summer vs winter -2.619 0.026 Summer vs winter -1.818 0.207
Autumn vs winter 0.714 1 Autumn vs winter 3.220 0.004
Spermatophytes Spring vs summer -2.753 0.018 Note: P values are corrected by Bonferroni, and significant values are in bold.
Spring vs autumn 0.750 1
Spring vs winter -0.012 1
Summer vs autumn 3.291 0.003
Summer vs winter 2.619 0.026
Autumn vs winter -0.714 1

Note: P values are corrected by Bonferroni, and significant values are in bold.

DISCUSSION

In our study population, the dietary composition of Blood
Pheasant contained 11 families of bryophytes, with the family
Mniaceae being the dominant bryophyte family. In addition, the
proportion of bryophytes, Mniaceae, and the digestibility of
bryophytes in Blood Pheasant diet varied significantly among
seasons.

Based on the occurrence and percentage of bryophytes in the fecal
samples, we can conclude that bryophytes constitute a significant
dietary component of Blood Pheasant population at
Lianhuashan, as suggested by Wang et al. (2011). Prins (1982)
suggested that animals tend to forage on bryophytes in colder,
harsher environments because these bryophyte families are known
to contain relatively high concentrations of arachidonic acid, and
this may explain, in part at least, the prevalence of bryophytes in
our Blood Pheasant fecal samples.

The families of bryophytes in our study site were different to
previous studies (Shi and Li 1985, Yao 1992, Wang et al. 2011).
For example, Wang et al. (2011) found that Blood Pheasant also
foraged on bryophytes from 16 families at their study site at the
Bangpo Monastery, such as Scorpidiaceae, Funariaceae, and
Hedwigiaceae. One explanation is the noticeable differences in the
environments among study sites, and the availability and
abundance of bryophytes may be different.

Compared to the other 10 bryophyte families found within Blood
Pheasant fecal samples, the Mniaceae may have three advantages:
first, species of Mniaceae tend to have much bigger leaf cells that
contain more water and nutrients (Iwatsuki and Mizutani 1981);
second, the soft plastids of Mniaceae are easier to digest, because
we found that the digested parts of Mniaceae bryophytes
comprised only leafy gametophyte, without the rib of the leaf,
capsule, or Poaceae plant, as was found by Wang et al. (2011).
These authors suggest that Blood Pheasant preferred bryophytes
that are softer in texture, thus perhaps limiting Blood Pheasant
to forage predominantly on Mniaceae at Lianhuashan; third, a
relative higher content of arachidonic acid, which could help
individuals adapt to the cold (Hansen and Rossi 1999, Pejin et al.
2012, Beike et al. 2014). Arachidonic acid could help to maintain
an animal’s physical mobility (Turner 1979), enzyme activity

Table 4. Multiple comparisons of bryophytes digestibility in
Blood Pheasant (Ithaginis cruentus) across seasons.

Seasons V4 P
Spring vs summer 0.466 1
Spring vs autumn -8.028 <0.001
Spring vs winter -0.827 1
Summer vs autumn -7.007 <0.001
Summer vs winter -1.126 0.780
Autumn vs winter 6.731 <0.001

Note: P values are corrected by Bonferroni, and significant values are in bold.

(Tallima and El Ridi 2018), and prevent blood clots (Hoak 1997).
Another recent study has found similar results, in that Blood
Pheasant feeds predominantly on bryophytes with higher content
of arachidonic acid (Guo 2020), and that the high content of
arachidonic acid is positively associated with better resistance to
colder environments in this species (Guo 2020). Furthermore, this
result may also help to explain why female Blood Pheasant
typically leave their nests only on one occasion each day during
the incubation period, averaging 6.6 hours per day away from the
nest (Jia et al. 2010). Bryophytes have a lower nutrient value when
compared to other food items (Wielgolaski et al. 1975), thus
individuals may spend more time foraging for moss compared to
other food resources, and would also necessitate spending much
time searching and foraging preferentially for Mniaceae species.

There was a significant seasonal variation in the composition in
Blood Pheasant fecal samples in our study, although not in
diversity of bryophytes families. These patterns could reflect the
abundance of specific and/or favorite food resources at
Lianhuashan (Wingard et al. 2011). The peak in bryophyte
occurrence in autumn fecal samples is noticeable because Blood
Pheasants will need to build significant energy resources in
preparation for the winter period. The proportion of bryophytes
in their diet in summer was significantly lower compared to the
other seasons, and may be a result of Blood Pheasants preferring
fruits (Jia and Sun 2008), such as strawberry (Fragaria orientalis),
which typically have higher nutrient levels, and tend to be more
highly digestible and palatable (Nam et al. 2006). Foraging on
these foods results in a greater energy intake over a shorter time
period (Shi and Li 1985). In addition, during early spring and
winter, large areas of the study site were covered with snow and
this may have had some effects on the abundance and availability
of bryophytes in the study area. The presence of snow in winter
and early spring, could drive individuals to explore larger areas
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or range to lower elevation areas for food (Luo et al. 2016). Thus,
further research is needed across a longer period of time to fully
examine inter-annual variation in bryophyte abundance and
availability, and Blood Pheasant diet in relation to weather
conditions (snowfall, precipitation, ambient temperature
fluctuations, etc.), and movement patterns because these all
represent possible drivers of seasonal variation in dietary
composition (Lou et al. 2014, Luo et al. 2016).

Bryophyte digestibility also varied seasonally in our study
population. This can be explained by three reasons: first, Blood
Pheasant prefer to feed on more Mniaceae species during autumn,
which are much more digestible in comparison to other families;
second, the patterns of digestibility might reflect the impact of
seasonal changes on water content, fiber, and chemical
composition of bryophytes (Dilks and Proctor 1979, Reeves
1987); and third, the physiological metabolism rates of different
individual pheasants will also vary among seasons (Hoffman et
al. 2001, Al-Mansour 2004), which may then affect the levels of
digestibility.

Conclusions

We described both the qualitative and quantitative seasonal
changes in the diet of Blood Pheasant at Lianhuashan Nature
Reserve. These data fill a significant knowledge gap regarding
montane Galliforme species’ dietary ecology, highlighting further
avenues for ecological research for these species and their food
resources, but also offering some insight as to how other
vertebrates are able to adapt to seasonal variations in food
availability and abundance in these topographically complex,
colder montane environments.
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