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Abstract

Biodiversity-friendly coffee certifications offer a viable way to protect wildlife habitat while
providing a financial incentive to farmers. Most studies related to these certifications focus
on avian habitat requirements and it is not known whether these standards also apply to
other wildlife, such as mammals, that inhabit the coffee landscapes. We assessed the non-
volant mammalian fauna and their associated habitat requirements in 23 sites representing
forest, Bird Friendly® shade, conventional shade, and sun coffee habitats. We used Sher-
man trap-grids to measure small mammal abundance and richness, while camera traps
were set for medium-sized and large mammals. We detected 17 species of mammals,
representing 11 families. This preliminary study indicates that coffee farms in this region
provide an important refuge for mammalian wildlife. Mammal species density ranked signifi-
cantly higher in Bird Friendly® coffee sites than other coffee habitats, although there was
no significant difference for species richness (using Chao2 estimator) among the habitat
types. No significant difference was found in small mammal abundance among the habitat
types. We found a higher species density of medium and large mammals in sites with
larger, more mature shade trees associated with, but not required by Bird Friendly® certifi-
cation standards. However, lower strata vegetation (5 cm to 1 m tall), the only vegetation
parameter found to increase abundance and density for small mammals, is not specified in
the Bird Friendly® standards. Our findings suggest that although the standards devised for
avian habitat do benefit mammals, further study is needed on the requirements specific for
mammals that could be included to enhance the coffee habitat for mammals that inhabit
these coffee landscapes.

Introduction

Given the prevalence and predicted expansion of agricultural lands, forest reserves alone can-
not be relied upon for conservation of biodiversity. Other conservation strategies must be
employed in conjunction with preserving natural habitats if we are to protect and procure the
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survivability of our world’s biodiversity. Coffee is grown in tropical regions of the world that
often overlap with biodiversity hotspots. Managing coffee farms in a way that promotes and
protects wildlife habitat is one such conservation strategy that can provide a refuge for biodi-
versity. The importance of enhancing biodiversity within tropic agricultural landscapes cannot
be overstated.

Mexico is considered a biodiversity hotspot [1] and ranks as the world’s fifth most biodi-
verse country [2]. It also ranked sixth in the world for the highest deforestation rates from 1990
to 2000 [3], although the deforestation rate has declined from 0.52% in 2000 to 0.24% in 2010
[4]. Chiapas is one of the three states where most of this deforestation has occurred [5]. Con-
necting the remaining forested areas with high quality matrix within this fragmented landscape
[6] is imperative for the survival of the wildlife in this region.

Shade coffee is increasingly recognized as an important reservoir for biodiversity and a high
quality habitat for wildlife in the agriculture-forest landscape matrix. Research shows that high
floristic complexity and vegetative structure within shade coffee farms provides a refuge for
birds, insects, and bat communities [7-9]. Most of the research for biodiversity in agroforestry
has focused on birds and insects, and while mammal studies in this field are few, their numbers
are increasing. The handful of non-volant mammal studies indicates that shade coffee may pro-
vide a refuge for mammals as well [10-13].

All taxonomic groups do not respond the same to shade cover gradients within agroforestry
landscapes. Perfecto et al. [14] found no correlation between species richness of birds, butter-
flies, and ants across a coffee intensification gradient in a tri-taxa comparison in Chiapas. Simi-
larly, in another study in Mexico, Pineda et al. [15] found different responses for frogs, bats,
and dung beetles in comparing diversity between cloud forest and shade coffee plantations.
These studies indicate that different taxonomic groups cannot serve as surrogates for one
another, as habitats are used differently among taxonomic groups, guilds, and species, each
with their own specific habitat requirements. Birds and other volant groups, for example, may
move easily between habitat patches, whereas non-volant mammals may be more immediately
effected by patch size, shape, degree of isolation and connectivity [16-20]. These studies high-
light the importance of researching various taxonomic groups that inhabit these landscapes.

Shade coffee programs provide a viable market-based approach to enhance wildlife habitat
and provide financial incentives for farmers to maintain or re-establish shaded systems within
their coffee farms [21-24]. Coffee certifications created to promote biodiversity have developed
standards and management guidelines to enhance wildlife habitat by requiring high levels of
shade cover and native vegetation complexity [22-23]. The most robust shade certification
standards were developed for the Smithsonian Bird Friendly® (BF) coffee program from
migratory bird studies and as such are based on requirements for avian habitat. It is not known
whether these same standards apply to enhancing habitat within coffee farms for non-volant
mammals.

For a farm to be certified as BE, it must meet a stringent set of management standards. The
prerequisite is that the farm be certified organic. In terms of vegetation standards, BF certified
farms must contain a minimum of 11 different shade tree species, all of which must represent
at least 1% or more of all individuals, with the main (“backbone”) species accounting for no
more than 60% of all individuals. The principal canopy layer must be at least 12 meters in
height. Bird Friendly farms must maintain a minimum of 40% shade tree cover and epiphytic
plants are encouraged. Additionally, three distinct shade strata should comprise the canopy of
a BF farm.

Although studies have been conducted on the benefits of shade coffee for biodiversity, little
research has been done on the effectiveness of the shade certifications to enhance wildlife habi-
tats [22]. Only five studies, to our knowledge, have been published in the recent past examining
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wildlife biodiversity and shade certification status (all based on Bird Friendly criteria), all in the
Soconusco region on Chiapas [5,7,22,25,26]. Collectively, these studies assessed ant, bird, and
butterfly diversity within coffee farms of varying shade cover and management intensity. The
results revealed that for ants and birds, more forest species were found in BF farms than in
non-BF farms. For butterflies, the species richness was higher in BF farms, but there was no dif-
ference in the number of forest species between the two farm types. Generally, ant, bird, and
butterfly species richness increased with a decrease in management intensity on coffee farms
[5,22]; although in the Perfecto et al. [7] study there were conflicting results between study sites
for bird richness.

The two studies published on non-volant mammals in the coffee-growing area of Chiapas
focused on comparing the mammal diversity in shade coffee and adjacent forest. Cruz-Lara
etal. [11] found that mammalian species richness and diversity were highly similar between
shade coffee sites and tropical rainforest. In contrast, Sdenz and Horvath [13], who compared
mammal diversity in a cloud forest reserve and adjacent shade coffee sites, found a low degree
of similarity in species composition between these two habitats for small non-volant mammals,
although the mammal diversity was not significantly different. Both studies looked at discrete
habitat types and neither compared gradients of shade cover or shade certification standards
within the coffee farms.

Even though the number of mammal studies within agroforestry is increasing, many gaps
remain in our knowledge of how mammals respond to varying degrees of shade cover and
management intensity within coffee farms and how we can best enhance this potential refuge
for mammals in these fragmented landscapes. This is the first study, to our knowledge, that
seeks to determine if the same standards for shade certifications developed for avian fauna also
apply to mammalian fauna. In addition to further understanding the ecology of mammal com-
munities in coffee landscapes, our study was devised to determine if the coffee farms that meet
the BF criteria differ in the abundance and richness of mammals compared to unshaded farms
and conventional shaded farms that do not meet the stringent BF standards.

In this initial study of mammals in coffee agroforestry, we investigated the non-volant mam-
malian fauna and vegetation characteristics within 5 forest sites and 18 coffee sites with varying
levels of shade cover in the Soconusco region of Chiapas. The objectives of our study are as fol-
lows: (1) Assess the mammal diversity within coffee farms of varying degrees of shade cover
and vegetation complexity; (2) Quantify the habitat parameters associated with observed diver-
sity and abundance of mammals; (3) Evaluate the current Smithsonian Bird Friendly®) stan-
dards for enhancing mammal habitat; and (4) Summarize the suggested management practices
to enhance mammal habitat within coffee farms.

Materials and Methods

Our study took place in the mountainous Soconusco region of Chiapas from January to April
02014 (15°7.90 N, 92°16.46 W). This region of Chiapas is one of the largest coffee-growing
regions in Mexico, with over 72,000 ha of land and millions of people dedicated to producing
coffee [22,27]. We surveyed mammalian fauna and characterized vegetation within 23 sites in
our 8250 km” study area: 6 sites in BF coffee farms, 6 sites in conventional shade coffee that did
not meet BF criteria, and 6 sites in sun coffee. Additionally, we surveyed 5 sites in nearby forest
remnants, however as almost all the forest in this area at mid-elevation (500-1500 m) has been
converted to coffee [5], the fragments remaining are small, isolated, highly compromised, and
often limited to broken terrain inaccessible for growing coffee [9]. We selected sites that were
homogeneous with these four habitat types and were not in close proximity to roadways,
water, or residential areas to the best extent possible. The elevations of the sites ranged from
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490 to 1070 m (mean 745 + 31 m), with the coffee sites ranging from 640 to 1070 m (mean
790 + 27 m). The sites were a minimum of 360 m apart from one another (mean 500 + 54 m)
except for two of the forest sites that were 150 m apart.

Bird Friendly sites were characterized as coffee sites that met the requirements for and have
obtained the BF shade coffee certification (i.e. organic and >40% shade canopy cover). These
sites would be classified as “rustic or traditional polyculture coffee” [28]. Conventional shade cof-
fee sites were those that met the requirement of over 40% shade within the coffee, but were not
organic and lacked the vegetation composition and structure required by the BF certification and
fell into the “commercial polyculture” classification [28]. Sun coffee sites had less than 15% shade
cover and were not organic. It should be noted that our sun coffee study sites were not devoid of
shade trees and according to Philpott et al. [28] may fall into the classification of “shade mono-
culture coffee”—i.e., a single tree species providing scant, spotty shade throughout the farm [28].
All studies were carried out on private lands with permission and collaboration of the landowner.

Mammal survey

At each 0.25-ha site, we established a sampling grid containing Sherman traps (8 x 8 x 23 cm)
for small mammals, with a pair of Sherman traps placed 9-m apart throughout the grid. This
configuration yielded a trap grid containing 50 Sherman traps; although due to the mountain-
ous terrain some of the trap-grids were rectangular rather than square and contained 48 traps.
The difference in trapping effort was taken into account in the analysis. For the most of the
trap stations, we placed both small traps on the ground. However when low lying tree branches
or lianas were available, we secured one trap approximately 1 m above the ground.

Each site was sampled once for 10 consecutive nights, with two to six sites surveyed at the
same time. We varied the pairing of the habitat types to block for any climatic variation. All
sampling took place during the dry season within a 3-month period, therefore any temporal
effect of the sampling is negligible. The sampling sequencing was as follows: Session 1 —three
forest sites; Session 2 —three BF and three sun coffee sites; Session 3 —three BF and three con-
ventional shade coffee sites; Session 4 —three sun and three conventional shade coffee sites; Ses-
sion 5 —two forest sites. Our effort yielded 11,220 trap nights during the dry season.

We baited the traps with a mix of peanut butter, bananas, vanilla, oats, seeds, and dry dog
food and checked the traps daily, cleaned them of ants, and added bait as needed. We released
all individuals trapped at the point of capture after determining the species, taking standard
measurements such as length of body, tail, ear, hind foot, and weight [29] and ear tagging each
individual with a unique identification number. We followed Reid [30] for field identifications
and took mouth swabs and hair samples of individuals for DNA to genetically verify field iden-
tifications. The study did not involve endangered or protected species. All methods were
approved by the Smithsonian Institution Animal Care and Use Committee and sampling pro-
cedures were reviewed as part of obtaining permits for this research.

In addition to the Sherman traps, one infrared camera trap was placed approximately 10 m
outside of each trap grid. Cameras operated for 24 hours for the 10-day sampling duration at
each site, yielding 230 camera trap nights for the study. The infrared camera (Bushnell Trophy
Camera) with a passive infrared monitor was activated by heat and motion with an infrared
flash not visible by the human eye. Photographs were identified to the species level and their
capture subjects included in the total species density and estimated Chao 2 richness analysis.

Habitat characteristics

We quantified vegetation characteristics at each site to assess possible factors associated with
mammalian fauna. We measured the percent canopy cover with a concave spherical
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densiometer at five locations through the site. We used two 40-meter line intercepts at each site
to categorize the sub-canopy structure. At each decimeter, we recorded the presence of vegeta-
tion at three levels: mid-stratum defined as understory plants and shrubs >1 m tall; lower stra-
tum defined as weeds, grasses, plants, and understory shrubs from 5 cm to <1 m tall; and
ground cover defined as grasses and weeds <5 cm tall. We recorded basal area of shade trees
using a 10 factor wedge prism [31]. We counted the number of trees within each site for all
habitats and additionally within the coffee sites, noted the tree species and tree height. For cof-
fee habitats, we measured coffee plant height of two of the coffee rows. We noted the geo-
graphic coordinates and elevation within each site.

Data Analysis

We analyzed mammal data as three dependent variables: small mammal abundance (number
of individuals captured), small mammal species density (number of species detected per sam-
pling grid), and total mammal species density (including medium and large mammals detected
with camera traps) per site. The sampling unit for the analysis was the entire trap grid per site.
All recaptured individuals (identified by their tag number) were removed for the analysis. The
distance between each site was great enough to prevent spatial autocorrelation (as is evidenced
by the fact that no individual was captured in two separate sites). We assessed the mean differ-
ences of these dependent variables among the four habitat categories of forest, BF coffee, con-
ventional shade coffee, and sun coffee through Analysis of Variance (ANOVA), using Fisher’s
Protected Least Square Difference (FPLSD) for multiple comparisons between treatment levels
[32]. We used SAS Statistical Software version 9.3 [33] for all statistical modeling.

We also created Poisson regression models separately for small mammal abundance, small
mammal species density, and total mammal species density at each site to examine the associa-
tions of the independent habitat variables: % canopy cover, % mid-strata vegetation, % lower
strata vegetation, % ground cover, tree basal area (m?%/ha), tree density (number of trees/ m?),
and tree richness, tree height (m), and coffee height (m) for the coffee sites only, with the
dependent variables. For all ANOVA and regression models, the dependent variable for species
richness comparisons was species density which is defined as the number of species within a
specified area because the sampling area for each site was standardized [34].

The vegetation variables measured were summarized (either averaged or summed) for each
site. Over or under dispersion in the data was adjusted by scaling for deviance. The variance
inflation factor for each independent variable and the Pearson’s correlation was examined for
evidence of multicollinearity. Because the tree measurements (tree species richness, tree den-
sity, basal area, tree height, and % canopy cover) were all highly correlated, we modeled each
one separately with the cover measurements (% mid-strata vegetation, % lower strata vegeta-
tion, % ground cover). Those independent variables shown not to be significant were removed
one at a time by backwards elimination. An offset of trap nights (number of traps x sampling
nights) was included in all models to normalize data by sampling effort to account for the
slightly unequal numbers of traps in the sites. The AIC was examined in each of the final mod-
els and the one with the lowest value was selected. We analyzed the difference in mean vegeta-
tion variables with regards to habitat type using ANOVA after the variables were normal
transformed to meet the assumptions of ANOVA. FPLSD was employed for multiple compari-
sons for those models that were significant.

We conducted an analysis of similarity to compare the species composition among the habi-
tat types of forest, BF coffee, shade coffee, and sun coffee using EstimateS Version 9.1.0 [35].
Additionally, we used EstimateS to calculate an estimate of species richness using the Chao 2
Incidence-Based Richness Estimator with presence/absence of species detected per observation
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(incidence frequencies) for both the small mammal data alone and then including the medium
and large data from the camera traps to compare species richness among habitat types. The
Chao 2 estimator provides a mean and 95% confidence interval of predicted species and takes
into account rare, unseen species [36,37].

Results

There were a total of 388 small mammal captures for the study period, which corresponded to
164 individuals, and 172 images of medium and large mammals from the camera traps We
detected seven species small mammals through the Sherman traps and 10 species of medium
and large mammals through the camera traps, yielding a total 17 species of mammals, repre-
senting 11 families (Table 1).

For all sites combined, 37.8% of all small mammal individuals captured were Peromyscus
gymnotis (naked-eared deer mouse), 28.0% were Handleyomys alfaroi (Alfaro’s rice rat), and
14.0% were Reithrodontomys mexicanus (Mexican harvest mouse). Bird Friendly habitats were
dominated by H. alfaroi, which accounted for 52.1% of all small mammal individuals captured,

Table 1. Mammal species detected in each habitat type by Sherman traps and camera traps in a 2014 mammal survey in forest and coffee habitats

in Chiapas, Mexico.

Family—Canidae

Urocyon cinereoargenteus*
Family—Cervidae

Mazama americana*

Odocoileus virginianus*
Family—Cricetidae

Handleyomys alfaroi

Oligoryzomys fulvescens

Peromyscus gymnotis

Reithrodontomys mexicanus
Family—Cuniculidae

Cuniculus paca*
Family—Dasypodidae

Dasypus novemcinctus*
Family—Dasyproctidae

Dasyprocta punctata*
Family—Didelphidae

Didelphis marsupialis*

Marmosa mexicana
Family—Felidae

Puma yagouaroundi*
Family—Heteromyidae

Heteromys desmarestianus goldmani
Family—Procyonidae

Nasua narica*

Procyon lotor*
Family—Soricidae

Crypotis parva

* Species detected by camera traps alone

doi:10.1371/journal.pone.0165662.t001

Forest Bird Friendly shade coffee Conventional shade coffee Sun coffee
X X
X X X
X X X
X X
X
X X X X
X X X
X
X X X
X X X X
X X X X
X X X
X
X X X X
X X
X
X
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while P. gymnotis dominated the conventional shade coffee and sun coffee habitats, represent-
ing 55.6 and 65.7% of all small mammal individuals captured, respectively. Species composi-
tion within forest habitats was more evenly spread, although the two dominant species
mirrored that of the coffee with P. gymnotis at 37.9% and H. alfaroi at 27.6%. All species cap-
tured were native to this region of Mexico.

Habitat comparisons for mammal diversity

Overall, BF coffee habitats had the highest species density and abundance of mammals,
although not always statistically significantly higher than the other habitats. We found a total
of 10 species of mammals in forest, shade coffee, and sun coffee and 12 species in Bird Friendly
coffee habitats (Table 1). Four species were shared by all habitat types (Heteromys desmarestia-
nus (forest spiny pocket mouse), P. gymnotis, Dasyprocta punctata (Central American agouti),
and Didelphis marsupialis (common opossum)) and an additional three species were found in
all the coffee habitats (R. mexicanus, Mazama Americana (red brocket), and Odocoileus virgi-
nianus (white-tailed deer)).

We found a significant difference in mean species density for small mammals among the
habitat types (F3 ;o = 4.17, p = 0.020), with BF habitats hosting a significantly higher small
mammal species density than the forest, shade, and sun coffee habitats (Table 2). The Bray-
Curtis similarity index of species composition for small mammals was 71% for sun and shade
coffee, 52.9% for forest and BF coffee, 50% for forest and sun coffee, 44% for BF and sun,
42.9% for forest and shade coffee, and 40% for BF and shade. There was no significant differ-
ence in the estimated species richness (Chao 2) among the different habitat types. For all mam-
mals, the mean Chao 2 richness estimator was highest for shade coffee, followed by BE, sun,
then forest, but each habitat type had large confidence intervals and none were significantly dif-
ferent than one another.

For total mammal species density, both small and medium/large mammals, we found a sig-
nificant difference among habitat types (F; ;o = 3.70, p = 0.030). BF sites had a higher mean

Table 2. Average values of mammal and vegetation measurements (+ SE) within the four habitat categories surveyed in 2014 mammal study in
Chiapas, Mexico.

Forest Bird Friendly shade coffee Conventional shade coffee Sun coffee

(n=5) (n=6) (n=6) (n=6)
Small mammal abundance (# of individuals) 5.8+27 122+2.7 45+1.4 5.8+2.7
Small mammal species richness 1.8+0.4a* 3.3+0.6b 1.5+0.2a 1.8+0.5a
Medium-large mammal species density 2.0+0.3 2.7+0.6 22+0.7 1.5+0.7
Total mammal species richness 3.8+0.4ab 6.0+ 0.9a 3.7+0.7b 3.3+0.8b
Canopy cover (%) 93.3+1.5a 86.0+2.7a 49.9+4.6b 9.9+ 1.5b
Basal area (m%ha) 25.5+4.2a 26.9+2.9a 21.6+6.0a 6.2+ 1.5b
Mid-strata vegetation (%) 50.4+9.1 53.2+5.9 46.8+2.6 51.4+3.2
Lower strata vegetation (%) 47.4+5.8a 55.1+10.2a 8.7+2.4b 11.4+4.8b
Ground cover (%) 17.6+3.6 32.4+12.7 49.0+10.9 26.7+£6.6
Tree density (#/site) 157.3 £26.2a 62.0+10.1b 40.4 +4.5¢ 24.8+2.5¢
Tree species richness NA 9.7+1A1 72+1.3 5.8+0.5
Tree height (m) NA 16.3+1.5a 15.3+3.0a 5.9+1.0b
Coffee height (m) NA 2.6+0.1a 2.1+0.1b 2.0+0.2b

* Letters (a, b, c) indicate significant difference (p<0.05) among average measurements between habitat categories (same letter indicates no difference);
n = number of sites for each habitat type.

doi:10.1371/journal.pone.0165662.t002
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species density than both shade and sun coffee sites but did not differ significantly from the for-
est sites (Table 2).

Bird Friendly habitat ranked the highest overall in relative abundance of small mammals,
followed by forest, then sun coffee, and lastly shade coffee with 73, 28, 35, and 24 individuals
per habitat type, respectively. However there was no significant difference in the mean abun-
dance among the four habitat types studied.

Vegetation characteristics associated with mammal diversity

We used Poisson log-linear regression models to examine the relationship between measured
vegetation characteristics and the observed small mammal abundance and species density
within the sites. Both small mammal abundance and species density was found to increase in
sites that had greater amounts of lower strata vegetation (abundance: y* = 8.73 p = 0.003; den-
sity: x* = 15.69, p<0.001). Increases in shade tree basal area (3 = 3.93, p = 0.048) and lower
strata vegetation (x* = 11.77, p<0.001) were found to significantly increase total species
density.

Vegetation comparisons across habitat types

We assessed the difference between the vegetation parameters measured within forest, BF cof-
fee, shade coffee, and sun coffee habitats. Understandably, there were significant differences in
almost all of vegetation characteristics that we measured (shade canopy cover: F; ;o = 143.27,
p<0.001; shade tree basal area: F5 ;9 = 8.08, p = 0.001; tree density: F5 ;9 = 15.43, p<0.001; tree
height: F, ;5 = 9.12, p = 0.003, lower vegetation strata: F5 ;9 = 14.10, p<0.001, coffee height:
F,15=6.23,p =0.011), although not all habitats were significantly different from one another
(Table 2). Interestingly, the only vegetation variables that were significantly different from one
another for sun and shade coffee habitats were shade tree height and basal area. In a compari-
son of BF coffee to conventional shade coffee, we found significantly higher amounts of shade
canopy cover, tree density, lower vegetation strata, and coffee height in the BF habitats. Shade
tree richness, basal area, and tree height did not differ significantly between the conventional
shade coffee and Bird Friendly®) coffee sites in this study.

Discussion

Coffee farms provide an important refuge for mammalian wildlife in this agricultural region of
Chiapas. These coffee farms serve as a high quality matrix in a landscape where the few remain-
ing forest fragments are small, isolated, and highly compromised. The coffee farms we studied
hosted an array of mammal species, although the BF coffee sites had significantly higher species
density than the sun and conventional shade coffee farms.

The BF coffee sites we studied did host higher species density and abundance of mammals
as compared to the sun coffee and conventional shade coffee sites, although not significantly so
for small mammal abundance. Our findings suggest that while the criteria outlined for avian
fauna in the BF certification also benefit mammals, requirements specifically devised to
enhance mammal habitat could be included. BF standards of canopy cover, tree species rich-
ness, and tree height did not have a direct influence on the mammalian communities in this
study. Medium and large mammals in our study were present where there were larger, more
mature shade trees within the coffee associated with but not required by the BF certification
standards which aligns with the other shade tree certification standards. However, lower strata
vegetation (from 5 cm to 1 m tall), the only vegetation parameter found to increase abundance
and species density for small mammal, is not specified in the BF standards. It may be that the
requirements for the other vegetation parameters in conjunction with the prohibition of
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chemical herbicides per the organic certification encourage the presence of the vegetation in
this lower stratum for which the small mammals benefit.

Small mammals are often prey species and as such may use ground-level vegetation as shel-
ter and to escape predation. This finding is consistent with that of other non-volant mammal
studies within coffee habitats that analyzed individual vegetative habitat parameters [10,38]. In
Kodagu, India, Caudill et al. [38] found that small mammal species richness and abundance
increased with greater amount of herbaceous ground cover (<5 cm in height). In coffee habi-
tats in Costa Rica, small mammal richness and abundance were higher in sites with greater
amounts of lower strata vegetation (from 5 cm to 1 m tall) [10]. Small mammals play an impor-
tant part in the ecosystem, acting as seed dispersers, insectivores, and a large prey base for
predatory mammals, snakes, and birds.

To enhance the habitat for small non-volant mammals, a criterion pertaining specifically to
the amount and structure of lower strata vegetation cover should be incorporated. This stan-
dard relating to ground cover has not been taken into account when devising standards for
avian habitat, but could obviously be pertinent to ground-foraging birds. It should be noted
that creating vegetation cover for small mammals might also create cover for other taxa of
safety concerns to the farm workers, such as poisonous snakes, a commonplace group in many
coffee-growing regions. It is therefore important to consider the human element in these agri-
cultural landscapes when devising sustainable standards to support biodiversity.

There were not clear lines of the effect of management intensity on the mammalian fauna in
our study. We found no significant difference in terms of small mammal abundance among
the four habitat types. Mammal species density was not significantly different among forest,
sun, or conventional shade coffee, although it was significantly higher in Bird Friendly coffee.
Similarly, Gallina et al. [12] found no detectable relationship for the small mammals with
regards to management intensity within coffee farms, but species composition of medium-
sized mammals varied inversely with intensification. The authors recommended maintaining
diverse shade tree richness and structure within coffee farms, as well as reducing the use of
pesticides.

The BF and forest sites in our study were agrochemical-free, whereas the sun and conven-
tional shade used agrochemicals. Because so many of the vegetation variables that we measured
among the sites were significantly different, it would be difficult to ascertain the effect of the
chemical inputs on the mammal community. A future study to assess the effects of agrochemi-
cals on non-volant mammals, all other habitat characteristics being similar, is an obvious
research need.

Although our study was devised to measure farm-level characteristics associated with mam-
mal diversity, it is important to note that broader landscape characteristics play a role in mam-
mal diversity within agroforestry systems [10,39]. In contrast to volant taxa such as birds that
can move easily from one habitat patch to another, mammals are susceptible to extinction
when patch size falls below certain species-specific thresholds. Small non-volant mammals, in
particular, have limited home ranges and dispersal mobility, therefore resources for their sur-
vival must be within these home ranges and must be sufficiently connected at landscape scales
to permit species movement/migration. Studies have shown that the number of mammal spe-
cies increases in agroforestry systems as the distance to native forests decreases for coffee study
sites in India [40] and also in cocoa agroforestry in Indonesia [41]. Additionally, Caudill et al.
[10] found that mammal density and richness decreased with increased proportions of sun cof-
fee within the landscape and increased as the amount of shade coffee increased in Costa Rica.
Furthermore, the small mammals thrived in areas adjacent to forest patches and as the propor-
tion of forested areas within the landscape increased. Preserving or reestablishing forested
areas embedded within coffee landscapes is imperative to enhance or maintain mammal
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diversity. However, we note that establishing and monitoring this criterion within farm-level
certifications, such as Bird Friendly, presents a challenge. To protect taxa that are dependent
on forest areas and connectivity across landscapes, we may need to expand the scale of our con-
servation efforts and understand how certified farms can fit into a suite of conservation tools
on a landscape level.

Our study was preliminary in nature and further research is clearly needed to understand
the dynamics of mammal communities in coffee landscapes. We certainly concede that detect-
ing rare species of mammals in tropical landscapes is difficult and it is likely that rare species
are not well represented in our data. Future studies could increase the likelihood of detecting
rare species by increasing the sampling duration and effort per site. Furthermore, a more
robust sampling effort would be recommended for sampling mammals for certification evalua-
tion, particularly for camera traps. We would also recommend incorporating a sampling design
that includes a landscape perspective in addition to individual coffee farms for future certifica-
tion studies [42].While the number of non-volant mammal studies has been increasing within
coffee agroforestry, we are just beginning to understand the response of mammal communities
to these changing habitats within coffee landscapes. Our study indicates that in fragmented
landscapes with few isolated forested areas remaining, mammals are taking refuge and are
thriving within coffee farms. Overall management strategies to protect avian habitat within cof-
fee farms seem to protect mammal habitat as well, although additional standards and an
approach directed at a landscape scale that accounts for larger habitat patches should be con-
sidered to enhance important habitat features for the non-volant mammals that rely on this
important refuge within agricultural landscapes.

Acknowledgments

We would like to thank Finca Argovia and Dra. Consuelo Lorenzo Monterrubio for their sup-
port and assistance with logistics for the study, as well as Bruno Giesemann E., Rainer E.
Boehme Trueb, Eduardo Bracamontes for their participation in the study and for allowing us
access to their farms. This study would not have been possible without the hard work of those
who assisted with the field work: Megan Banner, Stephen Brennen, Caitlin Campbell, Tim
Lima, Adaberto, and Daniel Dixon. We would like to thank Mirian Tsuchiya for the genetics
lab work. We would also like to thank the valuable input of the anonymous reviewers whose
comments and recommendations improved the manuscript. SAC received financial support
from the Smithsonian Migratory Bird Center.

Author Contributions
Conceptualization: SAC RAR.
Formal analysis: SAC.

Funding acquisition: RAR.
Investigation: SAC.
Methodology: SAC RAR.

Project administration: SAC RAR.
Resources: SAC RAR.

Software: SAC.

Supervision: SAC RAR.

PLOS ONE | DOI:10.1371/journal.pone.0165662 November 23,2016 10/12



@° PLOS | ONE

Mammal Diversity in Certified Coffee Farms

Validation: SAC RAR.

Writing - original draft: SAC.

Writing - review & editing: SAC RAR.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Myers N, Mittermeier RA, Mittermeier CG, da Fonseca GAB, Kent J. Biodiversity hotspots for conser-
vation priorities. Nature 2000; 403:853—858. doi: 10.1038/35002501 PMID: 10706275

UNEP-WCMC (World Conservation Monitoring Centre of the United Nations Environment Pro-
gramme), 2004. Species Data unpublished.

Food and Agriculture Organization. State of the World's Forest 2001. United Nations Food and Agricul-
ture Organization, Rome, Italy. 2002.

Food and Agriculture Organization. Global Forest Resources Assessment 2010, Main report. United
Nations Food and Agriculture Organization, Rome, ltaly. 2011.

Mas A, Dietsch T. Linking shade coffee certification to biodiversity conservation: butterflies and birds in
Chiapas, Mexico. Ecol Appl. 2004; 14:642—654.

Perfecto |, Vandermeer J. Quality of agroecological matrix in a tropical montane landscape: ants in cof-
fee plantations in southern Mexico. Cons Biol. 2002; 16:174—182.

Perfecto |, Mas A, Dietsch T, Vandermeer J. Conservation of biodiversity in coffee agroecosystems: a
tri-taxa comparison in southern Mexico. Biodivers Conserv. 2003; 12:1239-1252.

Philpott SM, Bichier P. Effects of shade tree removal on birds in coffee agroecosystems in Chiapas,
Mexico. Agri Ecosyst Environ. 2012; 149:171-180.

Williams-Guillén K, Perfecto I. Effects of agricultural intensification on the assemblage of leaf-nosed
bats (Phyllostomidae) in a coffee landscape in Chiapas, Mexico. Biotropica 2010; 42:605—613.

Caudill SA, DeClerck FAJ, Husband TP. Connecting sustainable agriculture with wildlife conservation:
does shade coffee provide habitat for mammals?, Agri Ecosyst Environ. 2014; 199:85-93.

Cruz-Lara L, Lorenzo C, Soto L, Naranjo E, Ramirez-Marcial N. Diversidad de mamiferos en cafetales
y selva mediana de las cafiadas de la Selva Lacandona, Chiapas, Mexico. Acta Zooldgica Mexicana.
2004; 20:63-81. Spanish.

Gallina S, Gonzalez-Romero A, Manson RH. Mamiferos pequefios y medianos. In: Manson RH, Her-
nandez-Ortiz V, Gallina S, Mehltreter K, editors. Agroecosistemas Cafetaleros De Veracruz. Biodiver-
sidad, Manejo y Conservacion. Veracruz: Instituto de Ecologia, A.C. and Instituto Nacional de
Ecologia; 2008. p. 161-180. Spanish.

Séenz VHM, Horvath A. Roedores y muriélagos en la zona cafetalera del Volcan Tacana, Chiapas,
Mexico. THERYA 2013; 4:409-423. Spanish.

Perfecto |, Mas A, Dietsch T, Vandermeer J. Conservation of biodiversity in coffee agroecosystems: a
tri-taxa comparison in southern Mexico. Biodivers Conserv. 2003; 12, 1239—-1252.

Pineda E, Moreno C, Escobar F, Halffter G. Frog, nat, and dung beetle diversity in the cloud forest and
coffee agroecosystems of Veracruz, Mexico. Conserv Biol. 2005; 19, 400—410.

Andrén H. Effects of habitat fragmentation on birds and mammals in landscapes with different propor-
tions of suitable habitat: a review. Oikos. 1994; 71, 355-366.

Lees AC, Peres CA. Conservation value of remnant riparian forest corridors of varying quality for Ama-
zonian Birds and Mammals. Conserv Biol. 2008; 22, 439-449. doi: 10.1111/j.1523-1739.2007.00870.x
PMID: 18241239

Pardini R. Effects of forest fragmentation on small mammals in an Atlantic Forest landscape. Biodivers
Conserv. 2004; 13, 2567-2586.

Pardini R, Faria D, Accacio GM, Lap RR, Mariano-Neto E, Paciencia MLB, Dixo M, Baumgarten J. The
challenge of maintaining Atlantic forest biodviersty: A multi-taxa conservation cassessment of special-
ist and generalist species in an agro-forestry mosaic in southern Bahia. Biol Conserv. 2009; 142,
1178-1190.

Passamani M, Ribeiro D. Small mammals in a fragment and adjacent matrix in southeastern Brazil.
Braz J Biol. 2009; 62, 305-309.

DeClerck FAJ, Martinez Salinas A. Measuring Biodiversity. In: Rapidel B, DeClerck F, Le Coq JF, Beer
J, editors. Ecosystem Services from Agriculture and Agroforestry: Measurement and Payment. Lon-
don: Earthscan; 2011. p. 65-90.

PLOS ONE | DOI:10.1371/journal.pone.0165662 November 23,2016 11/12


http://dx.doi.org/10.1038/35002501
http://www.ncbi.nlm.nih.gov/pubmed/10706275
http://dx.doi.org/10.1111/j.1523-1739.2007.00870.x
http://www.ncbi.nlm.nih.gov/pubmed/18241239

@° PLOS | ONE

Mammal Diversity in Certified Coffee Farms

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.
34.

35.

36.

37.

38.

39.

40.

a.

42,

Philpott SM, Bichier P, Rice R, Greenberg R. Field-testing ecological and economic benefits of coffee
certification programs. Cons Biol. 2007; 21:975-985.

Rice R. The ecological benefits of shade-grown coffee: The case for going Bird Friendly® [Internet].
Washington, D.C.: Smithsonian Migratory Bird Center. 2010 —[cited 2014 Sept 24]. Available from
nationalzoo.si.edu/scbi/migratorybirds/coffee/bird_friendly/Eco-Report.pdf

Sustainable Agriculture Network. Sustainable Agriculture Standard [Internet]. San Jose: Sustainable
Agriculture Network, 2010 —[cited 2014 Sept 24]. Available from http://www.san.ag/biblioteca/docs/
SAN-S-1-1.2_Sustainable_Agriculture_Standard.pdf

Andresen D. The effects of the intensification of coffee production on arboreal ants and their nesting
sites [M.S. thesis]. Ann Arbor (MI): University of Michigan; 2003.

Mas AH, Dietsch TV. An index of management intensity for coffee agroecosystems to evaluate butter-
fly species richness. Ecol Appl. 2003; 13:1491-1501.

Moguel P, Toledo V. Biodiversity conservation in traditional coffee systems of Mexico. Cons Biol.
1999; 13:11-21.

Philpott SM, Arendt WJ, Armbrecht |, Bichier P, Diestch TV, Gordon C, et al. Biodiversity loss in Latin
American coffee landscapes: review of the evidence on ants, birds, and trees. Conserv Biol. 2008;
22:1093-1105. doi: 10.1111/].1523-1739.2008.01029.x PMID: 18759777

Hall R. Collecting and preparing study specimens of vertebrates. University of Kansas. Museum of
Natural History. 1962; 30:1-46.

Reid FA. A field guide to the mammals of Central America and Southeast Mexico. 2" ed. Oxford and
New York: Oxford University Press; 2009.

Bitterlich W. Die Winkelzahlmessung (Measurement of basal area per hectare by means of angle mea-
surement). Allgemeine Forst und Holzwirtschaftliche Zeitung. 1947; 58:94-96. German.

Carmer SG, Swanson MR. An evaluation of ten pairwise multiple comparison procedures by Monte
Carlo methods. J Am Stat Assoc. 1973; 68:66—74.

SAS Software. SAS Institute, Cary, North Carolina. 2001.

Gotelli NJ, Colwell RK. Quantifying biodiversity: procedures and pitfalls in the measurement and com-
parison of species richness. Ecol Lett. 2001; 43, 379-391.

Colwell RK. EstimateS: Statistical estimation of species richness and shared species from samples.
Version 9. 2003. Available from: purl.ococ.org/estimates/.

Chao A. Estimating the population size for capture-recapture data with unequal catchability. Biometrics
1987; 43, 783-791. PMID: 3427163

Peters VE, Carroll CR, Cooper RJ, Greenberg R, Solis M. The contribution of plant species with a
steady-state flowering phenology to native bee conservation and bee pollination services. Insect Con-
serv Divers. 2013; 6, 45-56.

Caudill SA, Vaast P, Husband TP. Assessment of small mammal diversity in coffee agroforestry in the
Western Ghats, India. Agrofor Syst. 2014; 88:173—-186.

DeClerck FAJ, Chazdon R, Holl KD, Milder JC, Finegan B, Martinez-Salinas A, Imbach P, Canet L,
Ramos Z. Biodiversity conservation in human-modified landscapes of Mesoamerica: past, present and
future. Biol Conserv. 2010; 143, 2301-2313.

Bali A, Kumar A, Krishnaswamy J. The mammalian communities in coffee plantations around a pro-
tected area in the Western Ghats, India. Biol Conserv. 2007; 139, 93—102.

Weist M, Tscharntke T, Sinaga MH, Maryanto |, Clough Y. Effect of distance to forest and habitat char-
acteristics on endemic versus introduced rat species in agroforest landscapes of central Sulawesi
Indonesia. Short communications. Mammal Biol. 2010; 75, 567-571.

Tscharntke T, Milder JC, Schroth G, Clough YT, DeClerck F, Waldron A, Rice R, Ghazoul J. (2014)
Conserving biodiversity through certification of tropical agroforestry crops at local and landscape
scales. Conserv Lett. 2014; 8,14-23.

PLOS ONE | DOI:10.1371/journal.pone.0165662 November 23,2016 12/12


http://www.san.ag/biblioteca/docs/SAN-S-1-1.2_Sustainable_Agriculture_Standard.pdf
http://www.san.ag/biblioteca/docs/SAN-S-1-1.2_Sustainable_Agriculture_Standard.pdf
http://dx.doi.org/10.1111/j.1523-1739.2008.01029.x
http://www.ncbi.nlm.nih.gov/pubmed/18759777
http://www.ncbi.nlm.nih.gov/pubmed/3427163

