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INTRODUCTION AND OBJECTIVES

Community ecology is one of the most dynamicallsiaing fields in ecology and as such,
one of the most debated, too. It is centered ardwaodmain questions: 1) what is the
composition of ecological communities and 2) whatthe underlying processes determining
them. Investigating biodiversity has consideralpigpact on the advances in community
ecology, as comprehensive surveys of biodiversibgtantly improve species lists of an area,
the datasets collected refine theories, modifyepagtand provide a more solid foundation for
our understanding of processes. Results of seerggearch in community ecology, as well
as its ever-improving theoretical background play iacreasingly important role in
conservation biology and practical nature consemvaOne of the most influential examples
is the shift from species protection strategiehéoprotection of habitats and landscapes, and
from preservation to active restoration.

Rodents and chiropterans are the most diverse giaumammals both in terms of
species richness and variety of ecological roles thirds of currently known species (a total
of 5000) belong to these two groups: 2277 spediesdents and 1116 of bats. Due to their
large population sizes, rodents and bats contréogieat amount to the biomass of terrestrial
ecosystems. They also form a huge number of ecalagiches and their foraging habits are
very diverse. They include pollinators, dispersefsseeds and hyphas, insectivores,
carnivores and herbivores. Predominant processigsadierns of energy and material flow in
ecosystems are driven by the most numerous pamgatvithin each functional group or
guild. Therefore, rodents and bats play a fundaaheote in all terrestrial communities.
Neotropical bats deserve special attention as thearsity in this biome is outstanding.
Rodents and bats are indispensable in maintairogystem dynamics and in regenerating
disturbed areas. Any change in the compositiottractsire of their communities affects local
and regional biodiversity either directly or inditlg.

Earlier research in temperate and tropical regitmwaimented the impacts on habitat
change and fragmentation on mammals in general, hagidighted differences among
different species, species groups and guilds. Ppeapnce, fragmentation and conversion of
the original forests can induce a number of chamgdbke structure and composition of
ecological communities. Population viability inragmented landscape depends on several
genetic, ecological, anthropogenic and stochastitofs. The three most studied factors are
the ecological, morphological and behavioural attarstics of a given species, evolutionary
biology and biogeography of the species and sgatiddutes of the landscape.

Mexico is among the first ten countries of the ptaas concerns biodiversity and the
third regarding mammalian richness. Three quadtsrrestrial mammal species in Mexico
are rodents and bats. Rodents belong to 8 famfiiegenera and 233 species of which a half
are endemic, whereas bats are represented by é38sm 63 genera of 9 families of which
15 species are endemic. In Chiapas, the southetrstads of Mexico, bat diversity (106
species) is much higher than rodent diversity (@&cies), a phenomenon typical of the
Neotropics. There are several endemic speciesdehts in the area. In this thesis, | present
the results of a comprehensive investigation on maan diversity carried out in the Lagos
de Montebello National Park. The main researchctibsge was to document and analyse
mammalian diversity in the Montebello region, adl & to investigate the effects of habitat
disturbance on the diversity and distribution pattef rodents and bats.



Specific research directions were as follows:

a)

b)

c)

d)

¢)

Taxonomical and zoogeographical survey and assessiinsammal diversity in
the area

Estimate the efficiency of the survey creating adetoof the expected
maximum number of species based jadiversity and sampling effort, and
make suggestions on future research directions

Analyse and compare small mammal community composand diversity among
natural and disturbed habitat types (cloudforeste-pak-liquidambar forest,
pine-oak forest, shade coffee, corn field, pasture)

Pinpoint habitat attributes important for small nmaah communities and reveal
species habitat preference patterns.

Evaluate methods applied for sampling small mammailk regards to their
efficiency for different species or species groupsd make suggestions for
improving methodology.

Select species or species groups that can sennediaators for biodiversity
monitoring protocols prescribed by managementspathe area.

Make suggestions for habitat conservations pesriiased on diversity indices of
small mammal communities.



MATHERIALS AND METHODS

Study area

The Lagos de Montebello National Park is situatedhie South Mexican State of
Chiapas, next to the Guatemalan border, on thesitram zone between the Lacandon
rainforest and the Highlands of Chiapas (Figure 1).
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Figure 1: Localization of the Lagos de MontebellatiNnal Park in Chiapas, Mexico.

Due to its geographical and ecological situatidre Montebello region is a high
diversity area with a considerable proportion ofdemisms. The study area is
characterized by a landscape mosaic formed by alaheterogeneity and by the
particular agricultural, livestock production ancbanization processes of the region
during the last few decades, which have frequeh#gn influenced by social and
political conflicts. | differentiated five major b#aat types considering also the
microhabitat diversity of the area: tropical mounteloud forest, pine-oak-liquidambar
forest, pine-oak forest, shade coffee plantatioth @pen vegetation like corn fields or
pasture. The habitat types were determined by waéget structure, dominant tree
species and agricultural land use forms. Data wbtained from a total of 73 sampling
sites, from which | have 12 sites in cloud foresitat type, 19 in pine-oak-liquidambar
forest, 23 in pine-oak forest, 4 in shade coffeenfation and 15 in open vegetation
(corn field or pasture).

Sampling mammals

| collected information on the mammalian fauna lestv 1996 and 2005, carrying out
6-14 days monthly field work, on 67 occasionsl. Datere obtained using three basic
field methods according to the size, mobility, fiesgdhabits, behavioral characteristics,
vertical and horizontal use of space of differemmal species or species groups: 1)
Direct or indirect visual observations 2) Trappiagd 3) Mist netting. Captured bats
were marked semi-permanently on the right forearith wnk, small rodents and
marsupials were marked individually by applyingearmpanent marking system by ear-
cutting. After marking and taking data, capturedividuals were released.



Analysis of habitat data

Data on vegetation structure were obtained froreetlsampling sites by each habitat
type (15 sites). The following habitat variablesrevanalysed: percentage of canopy
cover, canopy height, percentage of herbaceous ,cdepth of leaf-litter, basal area of
trees per hectare, number of tree individuals perpding quadrate, number of arboreal
species per sampling quadrate, relative quantigpgihytes, amount of fallen logs and
rockiness. Differences between habitat variablesewanalysed using one factor
ANOVA (habitat type) and by-tests between pairs of habitat types. Discrimiraand
Principal Component Analysis were applied in orideexamine if the habitat types can
be separated by the measured habitat variables.

Faunistic and biogeographic characterization of themammal community and
estimating the expected species richness

The total number of species was considered as tmamal species richness of the
whole study area. Based on the complete list ofrdoerded species | analysed the
composition of the mammal community of the Mont&balea considering taxonomic,
biogegraphic and conservation issues.

The Clench accumulation model was used to estithatexpected maximum number
of species as a function of the sampling efforanblysed the completeness of the
mammal diversity survey as compared to the expespedies number estimated by the
Clench-model, taking the criteria of 90 % as rafese Results were evaluated by the
total area and species number, and by species grang by habitats as well. That
contributed significantly to the comparison of maaimmommunities between habitat
types and to the evaluation of the conservatiaragins of each habitat type.

Diversity and abundance by habitat types

| calculated capture rates as a percentage of resptd the total capture effort. Unit of
capture effort was trap-night (that is one trapctioning for one night) and in case of
bats, mist net-hour (that is, one 12 m long mistfmectioning for one hour). Recapture
rate means the percent of recaptures within te tagatures. Species richness of each
site was considered as the total number of recorslgeties (by capture or by
observation) in a given sampling site. Samplingssiéand points of observation were
grouped and data were pooled by habitat typesderaio obtain the species richness
and abundance of each one.

Small rodent and bat community-levelanalysis.
For the community analysis in groups, | used redatabundance indices by
standardizing the number of individuals by sampléfigrt unit, for each species, each
habitat type and in total. The following variablesre utilized in order to characterize
and analyse bat and small mammal communities i dwbitat type: number of
species, total abundance, number and percentageeodpecies, number and percentage
of habitat-specific species (those that occurredoify one habitat type), relative
dominance (percentage of individuals of the mosindant species) and the Shannon-
diversity index. Abundance ranks were calculatethascontribution of rare species to
the diversity of each habitat type. Shannon-divgisidices were compared between the
five habitat types using the modified t-test by ¢h&son. Morisita-Horn similarity
indexes were calculated in order to compare snoaglemt and bat fauna between the
different habitat types.

| analysed the diversity partition of small rodantd bat communities, which are
the patterns of alpha, beta and gamma diversities the complementarity of the



communities in the study area. Relations betweenage number of species by habitat
type @ diversity) and total number of species on the whatea | diversity) were
estimated with the Whittaker beta diversity indpyx)( Beside this landscape-level beta
diversity value, | analysed in detail the speciesaver through the gradient of the
conservation status of the habitat types.

Habitat preferences of small mammals were examinedsing a new habitat
preference index, in which | weighted the rela@mindance indices of species in each
habitat type with the percentage of recapture givan species in a given habitat type.
This parameter expresses not only the abundanceach species, but also the
permanence of individuals on the given habitat typedination of habitat preference
indices helped to explore if the habitat types barseparated by the occurrence of the
species. Furthermore, | searched for those spemiespecies groups that can be
considered representative for some habitat typssdoan the level of association with a
given habitat type.

Analysis of the relation between habitat factors ad small mammal diversity

To explore associations between habitat and smathmmal community variables |
considered data only from those 15 sampling sitesrg/vegetation structure data were
also taken. Possible associations were analysad ek correlations, and a Canonical
Correspondence Analysis (CCA) helped to examirthefe was any effect of habitat
variables on the occurrences of small mammal specithe different habitat types.

Evaluating the conservation situation of mammal fana

| reviewed the representation of the mammal specfeMontebello region in the
updated nature conservation legislation in Mexicd also in the different categories of
international conservation acts (IUCN and CITES)eil | compared this with the local
situation of the species in the study area. Touatalthe local conservation situation of
mammals in the Montebello region | used a rankiygjesn that took into account nine
criteria grouped in three main themds:Biological characteristics:1) Systematic
status, 2) Population density, 3) DistributionE&plogical specialization, 5) Habitat or
vegetation typell. Conservation status6) Presence in the Mexican or international
conservation legislationlll. Characteristics of the species in the studyear7)
Occurrence, 8) Relative abundance, 9) Utilizatigihdeal people, hunting.



RESULTS

Habitats

Habitat variables differed significantly among thee studied habitat types (n=45,
p<0.0025: Av F=11.628, L% F=118.517, Lm F=25.718% F=17.184, Tha F=4.931).
Habitat types were separated by the combined effacthe variables of the vegetation
structure, as there was a significant differencevéen group centroidsh£0.011,
F=13.627, p<0.0001). Habitat types could be caiegdrinto two main groups: forest
habitat with arboreal structural elements and thopen habitats without arboreal
components. Between groups of forested habitater afifferences were observed:
values of basal area and canopy cover separate fdoest from other forested habitats,
while canopy height and the number of trees perpiam quadrate differentiate the
pine-oak-liquidambar forets. Therefore, there issmople distinction between forested
and open habitats but more and less complex fardsabitat types can be clearly
differentiated. Most of the variance was explaifgdcanopy height, canopy cover,
herbaceous cover and the basal area.

Faunistic and biogeographical analysis

65 mammal species were recorded in the studylaekmging to eight orders, 19 families and
46 genera. Mammals of the Lagos de Montebello hatiBark - in 6022 ha surface -, represent
13.5% of all terrestrial mammal species of Mexicwl @lmost one third ((31.4%) of the
mammals known for Chiapas can be found here. Manfensda of the study area is
characterized by neo-tropical affinity: 46 spp @82 belong the Neo-tropical Biome, that is,
their South-Mexican distribution range is sharett iiouth- or Central-America. A very little
portion of the mammal fauna (4 spp, 6%) has a gpbgral distribution range shared with
North-America and 13 spp (20%) have a range thahased with both North- and South-
America. Within the Neo-tropical species groupe-1tiost of the mammal fauna of Montebello
-, Mesoamerican endemism is particularly importartitird part of the species (22 spp, 34%) is
distributed only in the Mesoamerican Bioregiorthie Montebello region there is an endemism
even more limited in range: the Chiapan Deer-m{f@emmyscus zarhynchus known only
from the state of Chiapas.

Bats and rodents have nearly the same speciess&(b and 22) and jointly provide
the % part to the total richness of mammals (47 gBpo). Small carnivore diversity is
relatively high, 1 recorded 10 species belongimg fiamilies (Carnivora: Felidae, Canidae,
Mustelidae, Mephitidae, Procyonidae). MarsupiaigéPhimorphia: Didelphidae) with three
opossum species, shrews (Soricomorpha: Soriciddedwo species, lagomorphs (Lagomorpha:
Leporidae) and armadillos (Cingulata: Dasypodidats) another two species contribute to the
total mammalian diversity. White-tailed De@docoileus virginianysArtiodactyla: Cervidae)
is the only big mammal species that still occutb@study area.

Evaluating the efficiency of sampling methods app#d for mammals
In total, 5472 records were obtained including lwaiptures and observations. From these, we
got data visually or by indirect methods on abguindlividuals of 18 species, from 13 families
and six orders. These observations provide segmingignificant part of the total data
obtained (0.85%); however, visual or indirect olaonal methods contributed significantly to
the complete species list, since nearly one tHittleototal number of species (28%) could be
recorded only by this kind of methods.

Most of the data were obtained by captures thrdragsping or mist-netting. Total
trapping effort applied for non-flying small mammalere 33950 trap-nights with Sherman
traps and 2070 trap-nights with Tomahawk trapsce¢ured 24 species from which 17 were



small rodents (Rodentia: Cricetidae and Heteroreyidhree opossums, (Didelphimorphia:
Didelphidae), three small carnivore species (CamivMephitidae and Procyonidae) and
one shrew (Soricomorpha: Soricidae). Capture ssict#ained with Sherman traps was high
(13.4%) while capture success of Tomahawk trape &ejuite lower (2.3%). Total mist-
netting effort applied for bat capture was 561&mgehours reaching 14.8% capture success.
More than half (50.7%) of the total captures wetaptures; however, this very high recapture
rate was given only by small rodents and opossums.

Composition and structure of small rodent assembly

1789 individuals of 17 small rodent species (RadeW@ricetidae and Heteromyidae) were
captured during the study. Small rodent assemliigeoMontebello region is still very rich as
compared with Neotropical high biodiversity corafis, and is characterized by a high
proportion of the strongly habitat-associated orfame species. The species highlighted from
the conservation point of view, contribute morentibae third (35.3%) of the total number of
the small rodent fauna of the study area. Six speeies and six strictly habitat specialist
species (those which occurred only in a singledteiype) were found. Of these, four species are
both rare and habitat specialists, hence they eaotsidered like indicators of habitat quality:
the Mexican Wood-rgtNeotoma mexicanaBig-eared Climbing RgOtotylomys phyllotjs

the Aztec DeermousePéromyscus aztecuand the Northern Climbing Ralylomys
nudicaudu}

The highest number of species and the Shannorsitiverdex were found in the
cloud forest (13 spp, H'= 0.80), and proportionsané and habitat specific species were also
the highest in this habitat type. The following small rodent species were the most abundant:
Mexican Harvest MouséReithrodontomys mexicanudviexican DeermousePéromyscus
mexicanus Sumichrast's Harvest MougR. sumichras)j Hispid Cotton Rat§. hispidul
Alfaro’s Rice-rat Oryzomys alfargiand the Chiapan Deermou$e zarhynchus
The situation of the endemic Chiapan Deermolsezérhynchus deserves a particular
mention. Based on the total abundance index, ihéxias is the sixth of the most
abundant small rodents. However, this speciesristlgtassociated to the structurally
complex non disturbed forests, stable populationsreed only in the cloud forest (where it is
the 2 most abundant species) and in the pine-oak-limiidaforest. In these habitat types had a
very high recapture rate (80%) and a long permanehindividuals was observed (up to 3
years), these parameters being the highest ambspealies that occurred in the entire
study area.

Highest total capture rates per habitat type weserved in the cloud forest and
in the pine-oak forest (16% and 15% respectivel§jile in the shade coffee plantation
was one order of magnitude less (<1%). Total resaptates showed a decreasing
tendency from the cloud forest toward the disturbatitat types. In the cloud forest,
the high recapture rate together with the low nedatabundance suggests a longer
permanence of the individuals in the small rodentraunity living in this habitat type. This
would mean the dominance of the territorial or ¥tsgist species, and, on the other hand,
suggests relative stability of resource availgbdis a result of the processes of intrespecific
competition in the structurally complex habitatse Towest recapture rate was found in the shade
coffee plantation and agricultural lands (crop astpre), but unlike the cloud forest, this low
recapture rate was associated with a high relabvadance, suggesting a quick replacement of
the individuals in the populations of the commuriityis could be explained by the dominance of
r-strategist species adapted to the frequent gififtesource availability in this kind of very
disturbed and simply-structured agricultural hadjitand on the other hand, also by the
occasional occurrence of individuals of those ggem the adjacent forested habitats that



occasionally emigrate but are unable to form stabfilations for a long time in this kind of
dynamical habitat with open vegetation.

Habitat preference of small rodents

11 species occurred in two or more habitat typéth&de, only four species occurred in all the
five habitat types: Mexican Deermou@eeromyscus mexicanudviexican Harvest Mouse
(Reithrodontomys mexicanus$umichrast's Harvest MousR.(sumichrasfiand the Hispid
Cotton Rat $igmodon hispidyisHowever, ordination of habitat preference indipeovided

an interesting result indicating that three of ¢hsur species showed a marked preference
for a given habitat type. Based on the habitaepates of the small rodent species, habitat
types would be well separated, indices of hahidepence were not arranged randomly but the
occurrence of the species depended on the givémttgpe §* = 1437.41, p = 0.0001, d.f. =
64).

Comparing small rodent assemblies among habitat tygs

No differences were found among diversity indideshaall rodents among habitat types, only a
marginally significant difference was observed leetwthe cloud forest and the pine-oak forest
(t =2.148, d.f. =10, p = 0.057, n = 13). Intaregy, it concerns the two most species-rich
communities. This points out that more importafiences among small rodent communities
in the studied habitat types are not in the valukeoH’ diversity index itself that includes both
the number of species and their abundance prapgrtlaut in the species composing the
communities. The most similar small rodent comnesiivere found in the cloud forest and
pine-oak-liqguidambar forest. However, the valughid highest similarity index was only
69 %, that is, composition of small rodent commemiin these two habitat types, which
showed to have most similar vegetation structunelsl@cate spatially nearest, are dissimilar
from each one at least by 30%. These two habjestyorm a group concerning species
composition, but even together they do not share then 50% of the species of small rodent
communities of the other three habitat types. Emearkable differences in the community
composition have two main origins: differences efative abundance proportions and the
presence of habitat specific species.

Diversity partition of small rodent communities

Species richness per habitat typesdiversity) ranged from 7 to 13, average number of
species was,~= 9.4. It is low in relation to the total numberswhall rodent species in the
whole study areay (= 17), which clearly pointed out a high level ohplementarity through a
high species turnover between the habitat typesidcape level beta diversity was also very high,
Bw = 0.55, meaning that in each habitat type onlyisoover a half of the total species richness (
diversity) of the Montebello region. From the bigical conservation point of view this
means that the disappearance or strong alteratianyopresent habitat type would lead
to the loss of at least a half of the total smadlent fauna in the study area, hence small
rodent communities in the different habitat types mbt overlap but considerably
complement each other. Among natural forested dtatyipes, complementarity (species
turnover beta diversity) indices between pine-aa&st and pine-oak-liquidambar forest as well
as between pine-oak forest and cloud forest weneddhe highest.

Composition and structure of bat assemblies

A total of 828 individuals of 25 bat species (Cptera) were captured during the study.
More then a half of the bat fauna of the area ({3 sre considered rare. Despite the
high proportion of rare species, relatively few itatbspecific species were observed
occurring in only one habitat type (12%). Threehsapecies were found: one nectar-
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feeding (Commissaris's Long-tongued Bibssophaga commissansand two forest-
interior feeding insectivorous bats (Ghost-faced BMarmoops megalophylleElegant
Myotis Myotis elegans

The number of bat species, like rodents’, was tagire the cloud forest (17),
however this habitat type showed only the thirdnkbigdiversity index and the fourth
total relative abundance. Pine oak liquidambardibtead the highest diversity index
value (H'= 0.91) where the lowest number of spewias observed (14), which is due to
the lower relative dominance, that is, the evenoe#ise relative abundances of the species in
this community. Number of species per habitat gip@st does not vary; there is a difference
of only three species between the richest clowsf@nd the pine-oak-liquidambar forest where
the fewest species was recorded. No significafeéreiices were found between the diversity
indices in neither of the habitat types. Considgrihe total abundance data, the
following six phyllostomid bat species are the mfeequent in the Montebello are&turnira
ludovici, Desmodus rotundus. lilium, Anoura geoffroyiArtibeus intermediusind A.
jamaicensis
Interestingly, the highest total abundance wasdedain the habitat type with open vegetation
(corn field/pasture land). Furthermore, in thisitaltype the absence of any dominant species
and relatively high species richness (16) wererabdeOn the contrary, in both original natural
forested habitat types (cloud forest and pine-mphkdambar forest), the lowest abundance was
observed and in the cloud forest and the shadeecplntation dominance indices were found
to be the highest, where the dominant spe8e&iovici occupied almost a half of the total
abundance of these two communities (47.2% and 41€yectively). However, we can
assume that most of the species captured in tinéieddror pasture would not feed in this
habitat type (i.e. fruit-eating bats), thus propdhk open habitat type serve like transit rouges f
several bat species between roosting sites antidem@as. There is no doubt that in the open
habitat more bat species live than in the clouesfpbut we were able to capture more bats that
trespassed open habitat.

Habitat preference of bats

It was not possible identify any habitat preferepattern for bat species, habitat types were
not separated by ordination of the relative abucel@miexes. The results of the permutation
test of the correspondence analysis showed tha fgpecies) and columns (habitat types)
were independent from each other, that is, hatypet did not have any influence on the
species occurrencg  31.784, p = 0.996, d.f. = 56).

Comparing bat assemblies among habitat types

The most important difference among the bat comineann the five studied habitat types were
found concerning species composition. Morisita-Hgrmilarity indices calculated for
pairs of habitat types showed two groups similatyan 50%. This division clearly
differentiates the original natural forests of Mentebello region (cloud forest and pine-oak-
liguidambar forest) from the altered or disturbeditat types as result of the human activities in
the area.

Diversity partition of bat communities

Species number by habitat typesdversity) ranged from 14 to 17. The average nurobe
speciesiy, = 15.6 is low in relation to the total species bamof the whole area (liversity =
25). According to this, a high beta diversity wasesvedf, = 0.63, that is, each habitat type
contained a little more then a half (60%) of theolhlandscape-level diversity)(in the
Montebello region. These results, as in the caseodénts, suggest a high degree of
complementarity (species turnover) among the stuti@bitat types. This means that bat
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communities in the different habitat types shailg arsmall proportion of the species and in
fact complement each other in more than 40%. Rakdiguidambar forest showed the highest
species turnover index in relation to the otheitaelypes.

Effects of habitat variables on small mammal divensy

Species number and proportion of rare species @l sodent communities showed a positive
relationship with some habitat variables, sugggdivat more complex vegetation structure
and higher floristic diversity could support highemall rodent diversity. Furthermore,
proportion of habitat specific species was relai@dbiotic structural elements like
rockiness and amount of fallen logs. Habitat-asgedi small rodent species recorded in
the study area are characterized by some spebifites and nesting requiremenis.
mexicanaandT. nudicaudusften refuge and nest in caves and rocky caviigdle P.
zarhynchusests in underground hollows between kickstandsgoats of the older trees
that form more frequently in rocky grounds. Indpen habitat type the proportion of the very
common species abruptly increases in the totaldamae of the community.

Fewer correlations were found in case of bats jfgl@ecause of their habitat use
properties due to their mobility by flying. Thisggiests the need for analysis on the species
composition level rather than searching for assumetations between bat community
parameters and variables of vegetation structuespi2 some correlations encountered
between small mammal community parameters andahatitiables, only between Shannon
diversity index of small rodent communities (Hf)dathe height of canopy level was found
acceptable linear regression (R= 0.58F% B.3384; [13= 6.6497, p = 0.0229, s.e. = 5.2926).
Multivariate data exploration (CCA) gave high ctatiens between the species and the
habitat variables axes, in case of both bats atehts, indicating habitat variables’ influence on
species composition. Bat species were arrangeddlea gradient-pattern among both
axes, which is defined by habitat factors represgniegetation cover (canopy cover,
herbaceous cover, leaf litter depth) and by fiorditzersity. Number of tree individuals and
canopy height draw the species’ points around ¢hergl axis showing the influence of the
habitat structure on the arrangement of the spethes largest group of bat species was
arranged near the arrow representing tree spédieess. Small rodents formed two groups:
species that prefer open habitat types can be falond the arrow of herbaceous cover, and
species that prefer forested habitat types aredfoear the arrows represented by the canopy
cover. Species coordinate scores did not spread ahong the first axis, that is, there is no
more differentiation among forested habitat typeadcordance with the changing values of
habitat variables. However, another gradient caobiserved along the second axis in species
occurring in forested habitat types only: the ertrecoordinates belong to a cloud forest
associated specie®tpylomys phyllotls and two pine-oak forest associated speblestbma
mexicanaPeromyscus aztegus

Assessing the completeness of faunistic inventory mammals

We can expect the presence of 76 mammal speciem@sium in the study area, the
number of recorded species reaches 85% of this)a&i To record the 11 more species
predicted by the accumulation model we should daigiat least the applied total sampling
effort. The completeness criteria of 90% woulddaehed by recording 68 species; three more
than were recorded during the study. Species caotded but probably present in the study area
are some rare small carnivores likiea barbaraand other species or groups that are difficult to
observe or capture with the applied sampling metsadh as shrews (Soricidae), underground-
living pocket gophers (Geomyidae), and high-flyimgectivorous bats (Molossidae, Natalidae).
The species list of small rodents is near compfatea) the 18 estimated by the model, 17
were recorded surpassing the 90% criterion.
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Evaluating conservation values and priorities of hhitat types

The accumulation curves confirm the importancéetivo forested habitat types (cloud forest
and pine-oak-liqguidambar) in preserving biodivgrsitthe Montebello region. Not only species
richness is highest in these two habitats (45 &nsp8cies, respectively), but complementarity
is remarkably high and habitat specific specieslaevery characteristic, placing these habitats
high on the priority list of conservation. The sopnd direction of the accumulation curve
shows that the proportion of rare species that dlawady been observed is higher, and there are
potentially more present that could be recordedidiyer effort sampling. The model points out
the importance of forested and other habitat tyaesally wooded. Thus, even in a strongly
disturbed and structurally and floristically sinfipti shade coffee plantation, the estimated
number of species is almost as high as in foréstieitats.

Evaluating conservation situation of the mammal spaes

14 mammal species, 21.5% of the entire mammal faureaepresented in Mexican (NOM-
059-ECOL-2001) or international conservation categolUCN, CITES). From these, six
species are enlisted in more than one consenatiothe Chiapas Deermougtefomyscus
zarhynchug Mexican Hairy Dwarf Porcupine Cbendou mexicanys Jaguarundi
(Herpailurus yagouarounyli Margay (eopardus wiedjj Cacomistle Bassariscus
sumichrasii and the KinkajouRotos flavus At least in one of these conservation actstatir
species are also included: the carnivore Woollys&alampire BatGhrotopterus auritus
Hairy-legged Vampire BafDiphylla ecaudaty Velvety Fruit-eating BatHchisthenes
hartii) and the Mexican Free-tailed B&taflarida brasilines)s From rodents, the Hispid
Pocket Gopher(rthogeomys hispidusind Lowland PacaCuniculus pacpappear in
some of the conservation lists.

Almost a half of the 25 species suggested for awasien priority (12 spp) in
the Montebello region are not included in eitheitted official national and international
conservation acts. Of these, six are small rodeetiss (3.Tylomys nudicaudysb.
Ototylomys phyllotis14. Nyctomys sumichrastil7. Neotoma mexicanal8. Peromyscus
aztecus 25. Heteromys desmarestianusfive are bats (19.Centurio senex 20.
Glossophaga commissarisi2l. Myotis elegans 22. Micronycteris microtis 23.
Hylonycteris underwooyland one is a shrevZ{yptotis goldmani
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CONCLUSIONS AND SUGGESTIONS

During nine years of fieldwork, 65 mammal speciesenegistered in the Montebello region

that belong to 46 genera of 19 families of 8 ord€re region can be typefied as having a
Neotropical affinity with a high tendency of Mesaaiman endemism, including one species
endemic to the state of Chiapas, the Chiapan DaesenBeromyscus zarhynhadus

Most mammals in the region are small mammals. Rigdare characterized by a high

diversity, whereas bat communities are at an ineeliate level.

Althought the sampling was almost complete withardg to mammals, with serious
further efforts and a wider range of field methdlds species list can potentially be
added to, especially as concerns bats. Thereham@ce of recording a small number of
microcarnivores, shrews and pocket gophers tha hatbeen recorded before. The list
of rodent species is assumed to be complete, éeeigh the presence of one additional
species cannot be ruled out.

Lansdscape-scale distribution patterns of rodemdsbats were quite different in several
ways. A large proportion of rodent species onlyusagithin one habitat type and most
of those that occur over a range of habitats watildshow explicit habitat preference.
In bats, there was no clear preference for anythtabipe. At the same time, relative
frequency of bats was affected by structural charestics of habitats describing
vertical complexity and available food sources.

Both bats and rodents were found in the highestslly in the two natural forest types, cloud
forest and pine-oak-liquidambar forest. Therefpretection of remaining stands, as well as
restoration of this habitat type should be prizeiti in management plans of the national park.
The importance of cloud forest must be stressed tther aspects, too, of which the five
most important ones are:

1) Cloud forests are extremely rich in mammal spddiespecies, as opposed to other habitat
types in this study: pine-oak-liquidambar— 37 sgeqdine-oak — 35 species, shade coffee
/ corn field / pasture — 25 species each).

2) According to the model estimating the number ofcgg® this is the habitat, where
although yet undetected, scarce species can palteie registered.

3) This habitat harboured the highest number of habgiacialists and rare species.

4) This habitat is the one which overlaps the leash tie disturbed habitat types.

5) Due to current land use tendencies, this habits ty the most threatened not only
in the Montebello region, but in its entire distriton range.

Complementarity among small mammal faunas of differhabitat types within the
study area is quite high, while faunistic similans low, therefore it can be concluded
that the Montebello region has a high beta diwergitom the nature conservation point
of view, this means that apart from protecting ar@arently in good condition (i.e. the
original forested habitats) the protection of madiely modified agricultural areas are
very important for biodiversity. For this reasoh,id necessary to include landscape
structural arguments in the management plan oh#imnal park and its buffer zone.
The presence of open habitats can be advantageobatfspecies as well as for some
species of micro- and mesocarnivores. Those spa@ésot only utilize but explicitly
need a certain level of mosaicity of habitats &eelarger sized species and game still
persisting in the area, such as the Lowland Padatewtailed Deer, Nine-banded
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Armadillo, Raccoon, Virginia Opossum, Eastern Quaidd. In case a management plan
strongly grounded in scientific research is enfdres well as local regulations on
hunting, these species can present the local pipulavith a considerable economic
potential.

The following mammal species should be the higpestrity for nature conservation:
Leopardus wiedji Herpailurus yagouaroundi, Tylomys nudicaudus, Qy#wnys hispidus,
Ototylomys phyllotis, Potos flavus, Coendou mexsaPeromyscus zarhynchus, Sciurus
deppei, Chrotopterus auritus, Nasua narica, Dighyicaudata, Cuniculus paca, Nyctomys
sumichrasti, Bassariscus sumichrasti

As for biodiversity monitoring, small rodents antyjpstomid bats are the most useful
indicators of habitat quality. Apart from their icakor roles, these groups can yield a loot of
information with relatively little effort, and stdard methodology for sampling them is readily
available. These attributes are of high importancelanning monitoring. Additionally, a
presence-absence survey of small carnivores, tte quad the white-tailed deer should be
carried out at regular intervals.
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NOVEL RESULTS

1. The present thesis summarizes the results ofirftesuch surveys in the area of the
Lagos de Montebello National Park. During a comensive and detailed investigation, 65
mammal species were recorded in the area. Of thedgninary results on 52 species were
already published earlier, and this thesis contamfigrmation on 13 further species
occurences.

2. Small mammal diversity was analysed on bothtaahnd landscape level, and it can be
concluded that cloud forests and pine-oak-liquidanibrests are the most diverse of all
habitat types. Complementarity among small mamaahds of different habitat types
within the study area is quite high, while faurastimilarity is low, therefore it can be
concluded that the Montebello Lakes region hasgh beta diversity. From the nature
conservation point of view, this means that aparifprotecting areas currently in good
condition (i.e. the original forested habitats) thetection of moderately modified
agricultural areas are very important for local aagional biodiversity.

3. Habitat preference of small mammals within trendbello region was assessed, which is
an outstanding result not only on a regional ded&vel, but in the whole of Mexico. Most
small rodent species showed strong associatiorts twé habitat types and six habitat
specialist species were found. Of the five habjaes studied, three had their characteristic
small rodent fauna types, which were the following:

cloud forests -Heteromys desmarestianuStotylomys phyllotisPeromyscus zarhynchus
Reithrodontomys mexicanu$ylomys nudicaudy pine-oak forestsNeotoma mexicana
Peromyscus aztecus, P. levipes, P. mexicangs open habitatsSigmodon hispidys
Baiomys musculu&eithrodontomys fulvescels sumichrasti

4. Small rodents and phyllostomid bats were sefeate potential indicator groups of
habitat quality. These taxa can form the basisutiré monitoring programs not only
within the study area, but in other protected athemughout the state of Chiapas.

5. By applying a species accumulation model, iti¢dae concluded that the expected
maximum number of mammal species in the area iof76yhich 85% are currently
present, that is, there is a possibility of recogdl1 more species in future.

6. | have pointed out nature conservation prigitethin the national park and its
buffer zone, that can facilitate the improvementohservation management plans. A
modified version of the practical ranking systenedido assess local and regional
conservation values within the Montebello regiom dae easily applied in other
geographical areas and other taxa as well. Accgrdm the ranking system, the
following 15 species should be given the highesbrty in conservationleopardus
wiedii, Herpailurus yagouaroundi, Tylomys nudicaudus, Qg#mmys hispidus, Ototylomys
phyllotis, Potos flavus, Coendou mexicanus, Peromsyszarhynchus, Sciurus deppei,
Chrotopterus auritus, Nasua narica, Diphylla ecatadaCuniculus paca, Nyctomys
sumichrasti, Bassariscus sumichrastiave also emphasized the importance of harnmgniz
habitat protection and species protection measures.

7. 1 have worked out a habitat preference indeXyeapplicable to small rodents that

can be captured by traps. This can provide a usedllin community ecology projects
where a large number of species and habitats agetéal over a diverse area. In
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general, it is very hard to find a robust estimatioethod to assess population sizes that
can accommodate all species and habitats in ques@n if sampling methodology is
standardized. This novel habitat preference indéowa for the involvement of all
species within a small rodent community and inctuthee two most important factors
determinig habitat preference: relative abundantespecies per habitat type and
individual permanence in the given habitat type.

8. | have worked out a marking method for small meads and marsupials, based on

protocols used in domestic animals. By using batis,ea total of 399 individuals can be

uniquely marked. Even though the method is a & iBvasive than phalanx chipping, it is

equally well recognizable. Another advantage ts thethod, as compared to ear tags of
tattoes is that it is quick, easily applicable amdy cost effective as it does not require
specific equipment.
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