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The diet of Cryptotis meridensis Thomas, 1898 was studied by analysing stomach
contents of 55 shrews collected by pitfall trapping in the cloud forest of Monte Zerpa,
Mérida, Venezuela. The aims of the study were to describe the diet of this unknown
tropical species and test the prediction that this species should be more of a subterranean
feeder according to its morphological adaptations. The diet was composed of 35 different
prey taxa distributed in six invertebrate classes (Gastropoda, Annelida, Arachnida,
Crustacea, Myriapoda and Insecta). The most important components of the diet were
hypogeal invertebrates: Oligochaeta, Gastropoda, Theraposidae, Isopoda, Scolopendridae,
Phasmatidae, Blatiidae, Lepidoptera larvae and pupae, Diptera larvae, adult Carabidae,
Staphilinidae, Elateridae larvae, Passalidae and Scarabaeidae larvae. Their contribution
was 69.44% of the overall diet composition. Oligochaeta were the most frequent prey.
Ephigeal invertebrates (Lycosidae, Acrididae, Gryllidae, adult Scarabaeidae and Lycosidae)
accounted for only 27.24%. The preferences for soil invertebrates found in this study
confirmed our prediction that C. meridensis uses mostly a subterranean foraging mode

in accord with its morphological adaptations similar to other shrews in temperate
habitats.
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Introduction

Two shrew species have been recordered in Venezuela: Cryptotis meridensis
Thomas, 1898 which is a typical species from the Andes of Mérida and Cryptotis
thomast (Merriam, 1897) that has been found in the Perija range (Duarte and
Viloria 1992, Soriano et al. 1999). C. meridensis occurs in cloud forests and paramo
habitats (Durant and Péfaur 1984, Linares 1998). This is a small-sized shrew (with
an average of body mass of 11.5 g), with a long and pointed rostrum, very small
eyes, a short tail, short feet bearing long claws for digging and very small ears and
dense pelage. All these morphological adaptations indicate that it is an insectivorous
animal living in burrows and underground tunnels, as do other congeneric species
(Pernetta 1977, Hutterer 1985, Barnett 1992).

The restricted distribution range of C. meridensis, along with its secretive
habits and the need for special collection methodology, have been the main reasons
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why this shrew has remained unstudied compared with temperate species (Rose
1980, Durant and Péfaur 1984, Barnett 1992, Linares 1998). However, some
ecological observations have been published on two congeneric species from the
Andes, Cryptotis montivaga in Ecuador (Barnett 1992) and Crypfotis thomasi in
Colombia (Lépez-Arévalo et al. 1993). These two species are more frequently
captured in the paramo than in the forest. Comparatively little information is
available for tropical species which may also be related to its scarcity throughout its
geographical range.

Leaf litter invertebrates in the cloud forest are extremely abundant and diverse
as in other tropical environments (Leigh et al. 1982, Adis 1981, 1988). Unfortunately,
little work has been done in ecological studies on the arthropods in the cloud forest,
especially in those living in leaf litter. A study on dung beetles is the only one that
has been done in the cloud forest of Mérida. It has been shown that the activity of
the dung beetle community lasts throughout the year on account of seasonal
replacement of species according to the rainfall cycle with species having overlapping
generations (De Ascencao 1997). From this result some assumptions can be made:
(1) The abundance of invertebrates living in a relatively sheltered and stable
microenvironment such as leaf litter should be less affected by seasonal changes in
the food resources as usually occur in other microhabitats (as tree crowns, ground
surface, soil). (2) Seasonal fluctuations of their populations are not necessarily of a
catastrophic nature (Wolda 1981, Leigh ef al. 1982, Levings and Windsor 1984). A
study of the assemblage pattern in Sphingidae, the immature stages of which are
found in leaf litter, showed that the community consisted of forty species with
varying body size distribution and that the small sized species were the most
abundant (Narvaez and Soriano 1996).

Based on the above information, we predicted that C. meridensis should be a
wide range feeder taking subterranean and surface dwelling prey according to its
morphological adaptations.

Material and methods

Study area

The Monte Zerpa “cloud forest” is located in the Sierra del Norte of La Culata range, at 8°37'N and
71°10'W, from 2.000 to 2.800 m. Although it is part of a continuous belt of cloud forest, the area known
as Monte Zerpa is estimated to be 900 hectares (Durant 1993). Climatic data was taken from the
nearest meteorological station (Santa Rosa) located at 1 km from the forest at 1.950 m altitude (Fig. 1).
High precipitation and constant moderate temperature are the main characteristics of the climate of
this environment. Two wet periods occur from March to June, with a maximum precipitation in May,
and from August to December, with a maximum in October. One dry season runs from January to
March, with the lowest rainfall value in January. Another very short dry spell occurs in July (Fig. 2).
Associated factors, such as daily mist and fog, result in high relative humidity that moderates diurnal
temperature variations and reduces insolation.

The term cloud forest is used to encompass a complex variety of hygrophilous forests that
constitute the upper limits of the continuous forests of the Andes. The trees of the cloud forest, which
range from 25 to 35 m in height and 40 to 60 species per ha, produce an irregular aspect with great
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Fig 1. Geographical situation of Monte Zerpa cloud forest, Mérida, Venezuela.
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plant species richness. Most trees have leaves throughout the year and bear many epiphytes (bromeliads,
orchids, araceas, piperaceas and ferns). One of the most characteristic features of this humid envi-
ronment is the presence of tree ferns (Ataroff and Schwarzkopf 1992).

Methods

Pitfall trapping was used as an efficient method for capturing shrews (French 1984, Handley and
Kalko 1993, Kirkland and Sheppard 1994). In a 1 ha plot, which represents 0.1% of the total forest
surface, 94 pitfall traps were arranged in a grid pattern with 10 m spacing. The pitfall traps consisted
of metallic containers 31 cm deep and 25 em in diameter, with two lateral holes drilled 15 em below the
upper edge to prevent the containers from filling completely with rainwater and any resultant escape
of animals. Each trap contained 1 litre of 10% formalin and 2 g of detergent powder (to prevent corpses
from floating and being available to scavengers). Traps were permanently open and visited twice a
month, but captures were accumulated bimonthly from April 1988 to December 1995. All shrews found
in the traps were weighed and measured, examined for sex, maturity and pregnancy. Then they were
dissected to extract the digestive tracts and finally preserved in 10% formaldehyde in the laboratory.

In total, 353 specimens of C. meridensis were captured in this study. The diet was studied by
analyzing of 55 completely filled digestive tracts (27 females and 28 males). Stomachs were dissected
and the complete contents removed for analysis of food remains. The content of each digestive tract
was preserved in a solution of six parts of 95% isopropilic alcohol, three parts of distilled water and one
part of 40% phenol, and then identified using a stereoscopic microscope (4x to 25x magnification). All
identifiable fragments (legs, wings, cerci, antennae and other cephalic structures) and other taxonomic
diagnostic structures of the consumed prey were separated and identified at the family level.
Taxonomic identification of the animal remains were made by using an entomological reference
collection from the same forest, literature on arthropod morphology (Chapman 1971, Metcalf and Flint
1985, Osuna 1995) and taxonomic keys for terrestrial invertebrates (Borror and DeLong 1971, Smith
and Silva 1983, Whitaker 1988). In some cases the differential digestion of consumed preys or the
extreme fragmentation of the same, allowed their identification to only order or class level. In each
digestive tract the minimum number of prey consumed per taxonomic group was estimated by
reconstruction and ordering of all the fragments found (Whitaker 1988).
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The diet was summarised in four ways: (1) frequency of each prey taxum in all digestive tracts (N),
(2) the proportion of the total number of each prey taxum compared with the total occurrences of all
categories (A), (3) the proportion of all prey taxum grouped in each taxonomic order related to the total
number of categories (B), (4) the proportion of shrews that consumed each prey taxum related to the
total number of shrews analysed (C). The main prey taxa in the diet were determined selecting those
taxa that were eaten by more than 20% of the shrews (Craig 1991).

To determine the importance and variation of the different trophic components we used the
method developed by Pielou (1975). This method requires a matrix, where rows represent different
types of food or prey taxa, and columns represent the number of prey items for each prey taxum found
for every four stomachs studied. With this matrix we calculated the shrew diet diversity for each group
of four stomachs through the Shannon-Wiener diversity index (H’), that is defined as:

H = —Z (p; In p;))
i=1
where p; is the proportion of food units or prey items in a certain type of prey taxum i (p; = n; /N),
where n; is the frequency of each prey taxum and N is the total number of prey items found. S is the
number of prey taxa. A saturation curve was drawn by accumulation of diet diversity calculated for
every four stomachs and appropriate sample size estimated with the stabilization of the curve (Castién
and Gosalbez 1995).

Seasonal variation of the diet was represented as a new matrix, where the columns are expressed
in terms of frequency of the prey taxa consumed every two months, and grouped according to the
distribution of the rain pattern (dry and wet months). The rows are different prey taxa found in the
diet. The bimonthly importance value of each food type is a weight frequency of the number of prey
items per stomach related to the total of digestive tracts studied. Finally, seasonal and sex variations of
the diet were compared by Spearman’s rank correlation. Statistical tests for seasonal variation in the
diet were run using all data bases and only the main prey taxum. SPSS/PC statistical package was
employed to perform the analysis (Norusis 1992).

Results

Stabilization of the diversity saturation curve was obtained on the basis of 12
alimentary tract contents (Fig. 3). Thus it was possible to conclude that the sample
studied was representative of the species’ diet. The diet of male and female was
significantly correlated (r = 0.54, p < 0.005), showing that there were no dif-
ferences between the diet of the two sexes. Similarly, the diet between the wet and
dry season were also significantly correlated (r = 0.90, p < 0.001; r = 0.95 p< 0.001
respectively), and again, there were no differences in the diet composition between

Accumulated diversity index
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Fig. 3. Cumulative diversity index of prey items
from the alimentary tracts of Cryplotis meridensts. Number of alimentary tracts
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Table 1. Diet composition of Cryptotis meridensis. MH — microhabitat used per each prey taxum, N -
frequency of each prey type, A — percentage of prey items, B — percentage by each taxonomic order, C -
percentage of individuals having eaten the prey taxum, Un - unidentified, La — larvae, Pu — pupae.

Class/order Family MH N A B C
Gastropoda
Pulmonata Limacidae Hypogeal 12 1.65 3.99 18.18
Helicidae Hypogeal 17 2.34 30.91
Annelida
Oligochaeta Hypogeal 61 8.39 8.39 74.65
Arachnida
Araneae Dipluridae Hypogeal 15 2.06 9.07 14.55
Theraphosidae Hypogeal 19 2,61 21.82
Lycosidae Epigeal 27 3.71 41.82
Ctenidae Epigeal 5 0.69 7.27
Acarina Hypogeal 11 1.51 1.51 14.55
Crustacea
Isopoda Hypogeal 28 3.85 3.85 27.27
Myriapoda
Chilopoda Scolopendridae Hypogeal 21 2.89 2.89 30.91
Insecta
Orthoptera Acrididae Epigeal 51 7.02 21.60 50.91
Gryllidae Epigeal 49 6.74 58.18
Tettigoniidae Epigeal 12 1.65 18.18
Phasmatidae Hypogeal 15 2.06 23.64
Blattidae Hypogeal 30 4.13 38.18
Hemiptera Coreidae Epigeal 4 0.55 1.51 127
Pentatomidae Epigeal =) 0.96 10.91
Lepidoptera Sphingidae (Pu) Hypogeal 17 2.34 8.25 27.27
Lepidoptera (La) Hypogeal T 1.51 14.55
Lepidoptera (Pu) Hypogeal 32 4.40 40.00
Diptera Tachinidae Epigeal 2 0.28 3.99 3.64
Diptera (La) Hypogeal 27 3.71 32.73
Coleoptera Carabidae Hypogeal 28 3.85 30.25 29.09
Tenebrionidae Hypogeal 15 2.06 16.36
Lampyridae Hypogeal 19 2.61 18.18
Staphylinidae Hypogeal 23 3.16 25.45
Elateridae (La) Hypogeal 28 3.85 36.36
Passalidae Hypogeal 14 1.93 21.82
Lucanidae Epigeal 5 0.69 T.27
Scarabaeidae Epigeal 3 4.26 40.00
Scarabaeidae(La) Hypogeal 46 6.33 52.73
Coleoptera (Un) - 11 1.51 14.55
Hymenoptera Formicidae Hypogeal 16 2.20 2.89 14.55
Ichneumonidae Epigeal 5 0.69 1.27

Un insects - 13 1.79 1.79 18.18
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the two seasons. The lack of intersexual and seasonal differences led us to pool the
data. The relative importance of different prey taxum is given in Table 1, based on
the percentage of dietary occurrences of each prey (column A) and the percentage of
shrews having eaten each prey category (column C).

Thirty-five prey categories at the family level were identified from the dietary
analysis of C. meridensis. These families belonged to six different classes and
twelve orders. The average (= SD) number of prey items in each digestive tract was
12.82 + 3.42 and the number of different prey taxa ingested per each shrew was of
9.40 = 2.29.

Oligochaeta made up the highest contribution of 8.39% to the overall diet (Table
1, column A) and the high percentage of shrews eating earthworms (74.65%)
increased their importance as a food resource (column C). Hypogeal Gastropoda
was also found in a relative, large proportion (3.99%) of the total diet (column B).
Snails (Helicidae) represented 2.34% of the overall diet (column A) and they were
eaten by 30.91% of the shrews (column C). Slugs from Limacidae family were found
in smaller proportion of 1.65% and they were eaten by only 18.18% of the shrews.

The two families Lycosidae (epigeal) and Theraphosidae (hypogeal) from the
order Araneae were also important as a food resource to the shrew, representing
6.32% of the overall diet (column A). Lycosidae was found in a high proportion of
3.71% (column A) and 41.82% of the shrews had included it in the diet (column C).
However, Theraphosidae was a less important component of the diet (2.61%) and
21.82% of the individuals had eaten this item (column C). Other hypogeal inverte-
brates were of relative importance making a variable contribution to the shrew
diet: Isopoda formed 3.85% (column A) and 27.27% of the shrews had eaten it
(column C). Scolopendridae made a contribution of 2.89% (column A) to the diet
and a higher proportion (30.91%) of the shrews consumed it (column C).

Amongst insects, the epigeal Orthoptera, which live mainly on the surface of leaf
litter made an important contribution to the shrew diet. Acrididae was the most
frequent taxum found in the stomach contents, representing 7.09% of the diet
composition (column A). A high proportion (50.91%) of individuals had eaten it
(column C). The second most important taxum was Gryllidae with a percentage of
6.74% of the total diet (column A). However, a greater number (58.18%) of the
shrews consumed it (column C). Hypogeal insects (Blattidae and Phasmatidae)
were taken in smaller quantities. Blattidae made the larger contribution (4.13%) to
the diet (column A) and 38.18% of the individuals had consumed it (column C).
However, Phasmatidae comprised only 2.06% of the diet and 23.64% of the shrews
had eaten it.

Only the hypogeal life forms of Lepidoptera (larvae and pupae) and Diptera
(larvae) were found in the digestive tracts. Many of them pupate in the interface
between leaf litter and soil. Diptera larvae are the most common insects in leaf
litter and decaying wood. The Lepidoptera represented a total of 8.25% of the diet
(column B), almost the same value as for earthworms. Lepidoptera pupae found in
the shrew digestive tracts belong to the hawkmoths (Sphingidae). A high proportion



20 A. Diaz de Pascual and A. A. de Ascengao

of shrews (72.84%) consumed their larvae and pupae. Diptera larvae accounted for
smaller quantities (3.71%) of the diet (column A) and 32.73% of the shrews had
taken this item as a food resource (column C).

The order Coleoptera was the most diverse taxonomic group found in the
digestive tract of this shrew. Coleoptera probably have the greatest diversity of all
soil-inhabiting species. Seven families of Coleoptera (adults and larvae) comprised
30.25% of the diet (column B), among them Scarabaeidae larvae represented 6.33%
of it (column A). This item was eaten by 52.73% of the shrews (column C). Epigeal
Scarabaeidae (adults) were also important in the composition of the diet. They
made up 4.26% of the overall diet (column A) and 40.00% of the shrews consumed
them (column C). Many of the epigeal form of Coleoptera such as: the click beetle
larvae (Elateridae), the ground beetle (Carabidae) and the rove beetle (Staphy-
linidae) were also important to the diet, all of them forming 10.86% of it. Elateridae
larvae were found in the same proportion (3.85%) as Carabidae adults. However,
Elateridae larvae were eaten by a higher proportion (36.36%) of the shrews,
compared to only 29.09% of Carabidae (column C).

The main prey taxa of C. meridensis were hypogeal invertebrates such as:
Oligochaeta, Theraposidae, Isopoda, Scolopendridae, Phasmatidae, Blatiidae,
Lepidoptera larvae and pupae, Diptera larvae, adult Carabidae, Staphilinidae,
Elateridae larvae, Passalidae and Scarabaeidae larvae (Table 1). Their contribution
was higher 69.44%. Ephigeal invertebrates (Lycosidae, Acrididae, Gryllidae and
adult Scarabaeidae) made up a smaller contribution accounting for only 21.24%.
Seventeen further taxa were found infrequently in the shrew diet.

Insects formed the bulk of the shrew diet and they are considered to be its main
food resource, twenty-five prey taxa from this taxonomic group were included in its
diet which represented 70.28% of it (Fig. 4A). Araneae were by four families
accounted for 9.07% to the diet. However, Oligochaeta, which might include only
one family, represented a higher proportion of the overall diet (8.39%).

The majority of insects is made up of eight families of Coleoptera (44.63%), five
of Orthoptera accounting for 31.83% of the diet and at least one family of
Lepidoptera comprised 12.17%. The remaining four taxa only accounted for 12.37%
of the overal diet (Fig. 4B).

A B Diptera o
oleoptera
Insecta Hymenoptera
PRI Orthoptera
Crustacea
Arachnida
Annelida
Gastropoda Hemiptera Insecta (Un)

Lepidoptera

Fig. 4. Percentage composition of the diet of Crypiotis meridensis from the cloud forest of Monte Zerpa,
Mérida, Venezuela. (A) Overall diet composition. (B) Insect orders present in the diet.
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Discussion

Cryptotis meridensis is a wide range feeder with its main diet consisting of
hypogeal (69.44%) and epigeal (27.24%) invertebrates. A large proportion consists
of earthworms (Oligochaeta), isopods, cockroaches (Blattidae), beetle larvae (Scara-
baeidae and Elateridae), moths (larvae and pupae), snails (Helicidae), fly larvae
(Diptera). Amongst epigeal, the more frequently found were the grasshoppers
(Acrididae and Gryllidae), and hunting foliage spiders (Lycosidae). This is an
indication that this shrew species is a more hypogeal than epigeal forager,
confirming the morphological based prediction. This shrew burrows throughout
the leaf litter, under logs and bases of hollow trees in the cloud forest or throughout
the moss and lichen mat in the paramo (Durant and Péfaur 1984, Linares 1998),
where it satisfies a great part of its food requirements and also finds protection
from predators.

Based on the kinds of organisms found in the gut contents, the shrew diet is
composed primarily of soil insects and the developmental stages of Lepidoptera and
Coleoptera. Some other soil invertebrates such as earthworms, a single taxonomic
group, were also an important component of the diet. Earthworms are one of the
most abundant invertebrates in the forest floor, having high biomass relative to the
other prey taxa and the largest proportion of shrews consumed them. Based on that
information the importance of earthworms as food resource is increased considering
their kigh biomass and energy value as well as their low content of indigestible
chitin (Churchfield 1993). Their contribution by volume analysis would be higher
than in terms of dietary occurrence. However, volume could exaggerate their
importance because they may persist in the stomach longer than small prey
(Schoener 1989).

Many terrestrial temperate and tropical shrew species feed on a large number of
hypogeal and epigeal invertebrates according to their morphological adaptations.
For example, in the shrew community of the taiga of Central Siberia a strong
relationship was found between shrew size and the proportion of earthworms
present in the diet. The larger-sized shrews such as Sorex roboratus and Sorex
isodon (which are primarily hypogeal foragers) ate the largest proportion of this
taxum The smaller-sized ones (S. minutissimus and S. minutus) never eat
earthworms, being more epigeal foragers (Churchfield and Sheftel 1994). In
additicn, the diet of S. araneus in three localities in Britain showed that dominant
prey vas earthworms in all three areas and it confirmed its general hypogeal
foraging mode (Rudge 1968, Pernetta 1976). S. cinereus and S. longirostris
includ:d a greater variety of hypogeal rather than epigeal invertebrates such as
earthvorms, and insect larvae (Whitaker and Mumford 1972). Likewise, Sorex
coronaus feeds on almost all available resources but shows a preference for soil
inverttbrates related to its subterranean mode of foraging (Castién and Gosélbez
1995). Cryptotis parva and Blarina brevicauda included higher proportion of
earthvorms than other invertebrates in their diet (Whitaker and Mumford 1972).
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Studying the feeding behaviour of three species from the genus Crocidura in the
desert of Namib, it was found that all species fed on insect larvae, Chilopoda,
Isoptera and Araneae (Dickman 1995). A preliminary description of the diet of
Cryptotis montivaga in Ecuador showed a composition of Lepidoptera larvae,
Araneae and adult Coleoptera (Barnett 1992). However, the absence of quantitative
data prevented a comparison between these two closely related species. The
information presented here confirms that shrews are wide feeders, feeding on
hypogeal and epigeal invertebrates according to their morphological adaptations.

C. meridensis shares similar food resources with Aepeomys lugens, a semi-
fossorial, large-sized and wide range feeder (Diaz de Pascual 1994). A. lugens fed on
36 taxa of hypogeal and epigeal invertebrates from which Arachnida, Gryllidae,
Acrididae and Scarabaeidae were the main food resources accounting for more than
50% of its overall diet. It also included high proportions of earthworms in its diet.
However, competition for food is not expected between these two morphologically
similar species due to differences in their preferred habitat: A. lugens is associated
with the primary forest with thick vegetation coverage while C. meridensis selects
more open and damp areas (Aagaard 1982, Diaz de Pascual 1993, 1994). Con-
sequently, A. lugens exploits more epigeal than hypogeal invertebrates as a result
of differences in habitat selection. Differences in foraging modes based on micro-
habitat selection have been also predicted for two coexisting water shrew species
Neomys anomalus and Neomys fodiens (Rychlik 1997). Similarly, S. cinereus and S.
longirostris, which have overlapping diet and same morphological adaptations, can
coexist thanks to differences in their habitat selection (French 1984). Insectivorous
mammals can coexist mainly because of differences in habitat selection, as was
found in other insectivorous communities (Dickman 1988).

Our data did not show any significant seasonal variation in the diet of C.
meridensis. However, we have found that the overall abundance of this species of
shrew is highly correlated with the rainfall pattern (Mora et al. 1997). This
relationship can be explained the reduction of their activity on the ground surface
at the time of low precipitation. This, in turn, is associated with changes in the
vertical distribution of earthworms, which migrate from the surface to the deeper
layers of the soil during drought periods.

The diet of vertebrate insectivores has often been described as “opportunistic”;
eating whatever they encounter and taking prey in the same proportions as it is
found in the environment (Pernetta 1976). Without measuring environmental
availability, it whether this species is a true opportunist cannot be evaluated.
However, C. meridensis has a preference for hypogeal prey and its capacity for
detecting subterranean prey might fail to show any relationship between abundance
of prey and the diet of the shrew (Churchfield 1982, Dickman 1988).
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