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Executive summary

Many birds and mammals throughout the world consume soil. Recent studies have suggested that the
western Amazon basin and specifically the Department of Madre de Dios, Peru have very high numbers
of these soil consumption sites. In this region, soil consumption is common among birds (parrots, guans,
and pigeons) and mammals (ungulates, rodents, and primates). Many of these species belong to families
with large numbers of threatened and endangered species (parrots, guans, and primates). Other species
play important roles in seed dispersal or play keystone roles in tropical forest dynamics (ungulates and
large primates). Many individuals of these species congregate daily at clay licks where they can provide a
valuable attraction for tourists or be exposed to local hunters. As a result, effective management of clay
licks is important for the conservation of healthy rainforest ecosystems in this region. The reasons why
these animals eat soil have been studied extensively and likely relates to a need for sodium or possibly
protection from dietary toxins. In the current study we surveyed parts of five rivers (Piedras, Amigos,
Madre de Dios, Colorado, and Tambopata) and found clay licks using a mixture of chance encounters,
help from local people, and systematic transect surveys. The transect surveys were conducted along river
and stream edges and proved an efficient and effective way to determine the relative abundance of clay
licks in different areas. We found 152 clay licks and recorded 14 mammalian and 25 avian taxa using
these licks. The most common species were paca, tapir and red brocket deer among the mammals and
Cobalt-winged Parakeet, Mealy Parrot and Red-and-green Macaw among the birds. As expected we
found the typical large river bank cliffs used by hundreds of parrots and macaws and the typical wide
shallow holes in the forest floor used by hundreds of white-lipped peccaries, tapirs and other ungulates.
However, we also found many small clay licks apparently used by a few pacas and other rodents. The
mammal species most often use clay licks within the habitats they use normally. For example tapir, deer,
and white-lipped peccary used licks inside the forest while capybara preferred river edge licks. Tapirs
used low licks with little vegetative cover while pacas and white-lipped peccaries used low licks with
high vegetative cover. Parrots used large, high licks with lower vegetative cover along the river edge,
presumably to reduce the threat of predation. Lick abundance varied significantly among the river areas
surveyed with lick density being highest in the north (Piedras River with > 1 lick per km of transect) and
lowest in the south (Tambopata River ~0 licks per km of transect). Reasons for the difference in lick
abundance may be due to the types of river systems surveyed with higher gradient rivers containing less
clay licks. Ecotourism companies used only about 10% of all licks, including < 30% of the parrot clay
licks and < 40% of all large macaw clay licks. This shows that the ecotourism industry has not saturated
this resource. Hunters were only detected at 6% of the clay licks and we found no evidence of large scale
market hunting at the licks we visited. We are sure we underestimated the number of licks visited by
hunters during their walking routes, but our finding suggests that large scale market hunting by hunters
waiting at clay licks is uncommon in the region. In summary, this study shows that clay licks are very
common in the region and that most remain lightly exploited or not exploited by humans. This means that
there is still time to protect these important resources through a mixture of protected areas, tourism
management, and community-based management of hunting.
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Introduction

The consumption of soil or geophagy is a well-known phenomenon throughout the world (Jones and
Hanson 1985, Klaus and Schmidt 1998, Wiley and Katz 1998, Diamond et al. 1999). In the Region of
Madre de Dios in southeastern Peru, geophagy sites, known as clay licks, are visited by at least 35 species
of birds and 12 species of mammals (Emmons and Stark 1979, Kyle 2001, Brightsmith 2004, DB
unpublished data). Work in progress suggests that thousands of individuals use the larger bird and
mammal licks in this area (DB, G. Powell unpubl. data). Among birds, species in the families Psittacidae
(parrots, macaws and parakeets), Cracidae (guans, curassows, and chachalacas) and Columbidae
(pigeons) numerically dominate at licks (Burger and Gochfeld 2003, Brightsmith 2004, Brightsmith and
Aramburt 2004). Two of these families, Psittacidae and Cracidae, are among the most endangered avian
families in the world (Bennett and Owens 1997). In addition, many of the mammals that commonly use
licks (tapirs, white-lipped peccaries, howler monkeys, spider monkeys, and deer) are important large
bodied seed dispersers. However, they are also regular targets of hunters and have been all but eliminated
from many large areas of Neotropical forests (Redford 1992). Conversations with residents in areas rich
in natural licks suggest that people moving in to new areas become “market hunters” as they successfully
kill hundreds of mammals at previously unexploited licks and sell the meat in lowland markets.

Why animals consume soil at clay licks is not completely understood, but the leading hypotheses center
on sodium and protection from dietary toxins (Gilardi et al. 1999, Houston et al. 2001, Holdo et al. 2002,
Brightsmith et al. 2008). Sodium is scarce in most plant material, but is vital for a variety of animal body
functions including homeostasis, nerve impulse transmission, muscle contraction, etc. (Schulkin 1991). In
Madre de Dios, plant resources consumed by parrots average approximately 37 ppm sodium while the
saltiest clay lick soils may have over 4,000 ppm available sodium (Gilardi 1996, Brightsmith et al. 2008,
Brightsmith et al. In press). Rainforest plants are protected by a broad array of chemical feeding
deterrents including alkaloids. The small, positively charged alkaloids are known to bind to the negatively
charged clay particles preventing them from passing from the digestive track in to the bloodstream
(Gilardi et al. 1999, Brightsmith et al. 2008). Soils differ greatly in their sodium concentrations, percent
clay content, and cation exchange capacity (the latter two suggested as surrogate measures for toxin
protection potential). As a result, animal consumption of soils is highly selective (Diamond et al. 1999,
Houston et al. 2001).

Given the large numbers of animals that concentrate around licks and their potential vulnerability to
hunters, clay lick conservation is key to maintaining healthy populations of large vertebrates and key to
achieving a guaranteed available source of protein for the local population. Licks may also provide unique
opportunities to rapidly monitor local mammal abundance and diversity. Unfortunately, our ability to
effectively lobby for clay lick conservation is hampered by a grave lack of information. There has been a
long history of interest in clay licks in the Region of Madre de Dios (Emmons and Stark 1979, Munn
1994) and this interest has intensified as researchers try to understand the landscape level movement
patterns of the large vertebrates that use these licks, and work to consolidate conservation of the region
(WWEF Areas Project and others). However, we still know almost nothing about the densities of licks in
the landscape and what physical and geologic characteristics correlate with the presence or absence of
licks from an area. In this study, we report on the spatial distribution of clay licks in the Region of Madre
de Dios by developing and using a new methodology to systematically survey the relative abundance of



clay licks in different river systems. We also use the characteristics of clay licks from throughout the
region to describe the types of clay licks used by the major groups of birds and mammals.

Objectives

1) Develop new methodology to systematically survey clay licks to allow comparison of clay lick
abundance among regions.

2) Obtain a library of soil samples from clay licks throughout the region for future analysis to aid in
determining why different species use different clay licks

3) Quantify the differences in physical characteristics and geographic settings of clay licks used by
different vertebrate taxa in southeastern Peru

4) Measure the human use of clay licks including hunting and ecotourism

Methods
Study area

This study was conducted in the southeastern portion of the Department of Madre de Dios in southeastern
Peru. The area is in the southwestern Amazon basin and is classified as a mix of tropical moist forest and
subtropical moist forest. The area receives around 2400 — 3000 mm of rain per year and has a weak dry
season from April to September (Brightsmith 2004). The area under study ranged from about 160 to 360
m elevation. The study focused on five sections of river: the lower 144 km of the Rio Piedras (12 July 07
to 30 July 07, 19L 476057 E 8617359 S, 175 m elevation), the lower 118 km of the Rio Amigos (13 Oct
07 to 30 Oct 07, 19L 383677 E 8609232 S, 232 m elevation), the lower 72 km of the Rio Madre de Dios
in Peru (13 Aug 2007 to 20 Aug 07, 19L 480538 E 8608524 S, 178 m elevation), the lower 91 km of the
Rio Colorado (22 Sep 07 to 11 Oct 07, 19L 347552 E 8606300 S, 236 m elevation) and 16.8 km to 98.5
km on the Tambopata River (28 Aug 07 to 10 Sep 07, 19L 481869 E 8607271 S, 178 m elevation, Fig. 1).
Additional clay licks were also visited on the Madre de Dios River (12 Oct 07, 19 L 315102 S 8625755 S,
276 m elevation). The Piedras (catchment area 19,595 kmz) and Amigos (4,415 kmz) are low gradient
rivers located north of the Madre de Dios River and drain almost exclusively the low hilly terrain (< 400
m) (Goulding et al. 2003). The Tambopata (catchment area 11,644%) and Colorado (3,542 km?) are higher
gradient rivers located south of the Madre de Dios River and have about 30% of their drainages located in
the Andes Mountains (Goulding et al. 2003). All four of the previous rivers drain in to the Madre de Dios.
The Madre de Dios drains approximately 90,000 km” in Peru, about 30% of its catchment is Andean and
70% is lowland. All areas sampled in this study were in lowland areas. These rivers were chosen so that
we would have a large river draining the Andes (Tambopata), a small river draining the Andes
(Colorado), a large river draining the lowlands (Piedras), a small river draining the lowlands (Amigos),
and the region’s main river (Madre de Dios, Fig. 1). The Inambari River was excluded from consideration
because it was considered unsafe due to the presence of illegal and informal mining activities in the area.
The Manu River and Alto Madre de Dios rivers were excluded from consideration because they were too
far from the project base in Puerto Maldonado and the resulting investment of money and time needed to
travel to these rivers.

As the research team traveled up each river, they stopped and talked with local people to determine 1) did
they know about clay licks in the area, 2) did they know what animals use these clay licks, and 3) did they
ever use these clay licks for hunting? We also asked if they were willing to show us the clay licks they
knew.
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Figure 1: Study area in the Department of Madre de Dios in southeastern Peru. Puerto
Maldonado is the departmental capital and the region’s only major city. The yellow line on the
eastern edge is the approximate border with Bolivia. (A) All river areas traversed during the
study. (B) Areas of the five focal rivers where transects were conducted. (C) Locations of the
152 clay licks visited during this study. (D) Map of Peru showing the Department of Madre de
Dios in dark brown




Clay lick measurements

Throughout this study we identified an area as a clay lick if and only if we 1) saw animals eating soil at
the site or 2) saw tooth or beak marks on the soil surface. For each confirmed clay lick we measured total
length and total height. Within each clay lick, we determined how many areas were used by animals.
Areas used by animals were considered different clay licks if they were 1) found on different geographic
features in the landscape (different riverbank outcroppings, stream bends, etc.) or 2) separated by more
than 20 m of area without exposed soil. Used areas were considered different sections of the same clay
lick if they were on the same geographic feature, separated by < 20 m and accessed by clearly different
access routes (trails for terrestrial mammals, branches or lianas for arboreal mammals, or flight for birds)
or separated by areas of vegetation or unused exposed soil areas > 5 m wide. Used areas were considered
part of the same clay lick section if they were found on the same section of exposed soil, accessed by the
same access routes and separated by < 5 m of unused soil. For each area used, we measured the height
and width of the exposed soil area and the height, width and depth of the area used by the animals. In
addition, we measured the 1) vertical distance from each used area to closest live vegetation above the
used area and 2) the horizontal distance from each used area to the closest live vegetation in front of or
next to the used area. For the overall clay lick, each exposed soil area, and each used area we estimated
the total percentage of its surface area that was obscured by vegetation when viewed from a distance of
approximately 5 m.

For each used area of each clay lick, we identified animals which used it using 1) sightings, 2) tracks, 3)
feathers, 4) beak and tooth marks, 5) and reports by local people. Animals seen eating soil were recorded
as confirmed at the lick. Species known to eat soil which were seen suspiciously close to the clay licks
(perched or standing near the clay licks or leaving the clay lick area) were also recorded. Tracks were
identified immediately adjacent to each section of each clay lick and at the major animal trails where they
entered the lick area. Feathers were identified by GV who has extensive experience identifying feathers
collected from the large clay lick at Tambopata Research Center. Beak and tooth marks were identified
with the help of local hunters (Rojer Riquelme, Augustine Mishaja, Segundo Cisneros and Alfonso
“Pocho” Mendoza). They were able to identify to species tapir, capybara, paca, agouti, red howler
monkey, black-faced spider monkey, white-lipped peccary, and collared peccary (see Appendix 1 and 2
for a list of Latin names for all taxa mentioned in this report). They were also able to identify animals to
the level of group group including, deer sp., porcupine sp., monkey sp., squirrel sp., pigeon sp., small
rodent sp., cracid sp., and psittacine sp. In addition, the following species were recorded once each based
on tooth or beak marks but were difficult to identify: Brazilian rabbit, blue-throated piping guan, jay sp.
and Pacarana. At one lick a porcupine sp. was detected by its distinctive musty odor and at another lick a
tapir was detected in the same way.

For each clay lick we reported how it was discovered: casual encounters, reports, local guides, and
transects. Clay licks were found via casual encounters when the research team saw animals near exposed
soil or when researchers checked suspicious looking exposed soil areas during their daily travels by boat
or on foot. Often local people would tell researchers the locations of clay licks and the researchers would
find them later using these instructions. On occasion, local people would take the researchers and show
them local clay licks. Clay licks were also found while conducting systematic transects.

We collected soil samples from areas used by animals (those directly below tooth or beak marks) and
from nearby areas which were not used by vertebrates.

Systematic sampling

To determine if there are significant differences in the abundance of clay licks among regions we
conducted systematic searches along transects for clay licks on the five focal rivers in this study (Piedras,
Amigos, Tambopata, Colorado and Madre de Dios, Fig 1). To select the sites for the transects, we
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traveled up each river as far as we could go given the limitations of our boat, time and gasoline. For the
Madre de Dios River we traveled down river from Puerto Maldonado to the Bolivian Border. Upon
reaching the furthest point, we divided the length of river traveled in to ten sections of equal size. In each
river section we conducted one transect along the edge of the river and one (or more) transects up streams
which drained into the river. To provide a general measure of parrot occupancy in the region, we recorded
the presence of each parrot species if it was detected at any time during the research team’s presence in
that river section.

River edge transects were 2 km long and began at the downstream limit of the each river section. For each
transect we walked both sides of the river and searched all exposed areas of river bank for signs of use.
When areas of river edge could not be walked due to topography, we would float slowly down the river
within 5 m of the shore, either in the boat or swimming, and stop and check all areas of potentially
suitable exposed soil. When swift currents and fallen trees prohibited floating, the uncheckable areas of
river were omitted from the transect and additional areas were searched at the upstream end of the
transect.

For the stream transects we selected streams on alternate sides of the river to ensure equal sampling of
both sides of the river. Stream transects were conducted in the first suitable stream on the correct side of
the river. Suitable streams were those that 1) were not navigable by boat, thereby eliminating areas with
characteristics similar to river edge transects and 2) could be traversed by walking up the stream bed or
along the stream bank, in this way streams with deep layers of mud were eliminated. Using only walkable
streams was necessary so we could closely scrutinize all the exposed soil along the edges of the stream.
Due to the dense vegetation and topography, we were unable to record a continuous GPS track as we
walked up each stream. As a result, we were unable to accurately record the exact of distance we walked
along each stream. Therefore, we walked up stream until we reached a point 1 km linear distance from the
mouth, or until the stream ended or became impassible. During the walk up the stream we checked all
exposed soil for signs of animal use, recorded all mammal tracks (once per species), and recorded all
parrots seen or heard. As the crew walked down the river, they measured all of the clay licks encountered.
When the stream transect was less than 1 km linear distance in length, we continued the transect on the
next available suitable stream. On the Colorado River there were a total of only seven suitable streams.
As a result, the research team was able to complete only seven stream transects, but the researchers did
longer stream transects on this river whenever possible (Table transects 1). Due to logistical problems,
time constraints, and budget the research team only completed six of the ten planned sets of stream and
river transects on the Madre de Dios River and four of ten on the Tambopata River.

We conducted a total of two forest transects, one along the Piedras River and one along the Colorado
River. Each transect was 1 km long and ran perpendicular to the river. During these transects we found
only 1 patch of exposed soil and zero clay licks. As we conducted these transects, we realized that there
were insufficient patches of exposed soil encountered per hour of effort, so these would not provide a
large enough sample of clay licks to allow comparison among different areas.

Statistical analyses

To reduce the number of parameters for analysis, the 13 measurements of each clay lick section were
analyzed using a principal component analysis. The four principal components calculated for each clay
lick section were used in a discriminant function analysis to determine which of these variables
discriminated between claylicks used and not used by each taxon. To determine which types of clay licks
were preferred by tourists, we conducted a Z-test on the difference in the proportion of licks used by each
taxon which were used by tourists versus the overall proportion of licks used by tourists (StatPoint Inc.
2007). The same procedure was repeated for clay licks used by hunters. To determine if the relative
abundance of clay licks varied among the river systems sampled, we conducted an ANOVA with the



dependent variable the number of clay licks found per km of transect and the independent variables as the
river where the transect was performed (Colorado, Piedras, Amigos, Tambopata, or Madre de Dios) and
the transect type (river or stream) (StatPoint Inc. 2007).

Table 1: Clay lick relative abundance along stream edge and river
edge transects among different rivers in the Department of Madre de
Dios, Peru.

Results

During the course of this project, the research

team spent about 90 nights on the rivers and
ream transects River transects
covered 1760 km by boat, walked 80 km of

transects along rivers and 36 km of transects R_iver N__Km Lickskm N Km Licks/km
along streams (Table 1). We visited a total of Piedras 1098 26 1020 1.1
152 clay licks during the course of this study | Amigos 10 89 1.1 10 20 0.40
(Fig 1). Of these 47% were found during Madrede Dios 6 5.1 085 6 12 042
transects, 24% were shown to us by local

. Colorado 7 8.2 0.11 10 20 0.050
people, 15% were discovered by chance by
the research crew, and 10% were reported by | Tambopata 4 4l 0 4 8 0
local people then found by the research crew Grand Total 37 36 1.2 40 80 0.44

(for 3% the encounter method was not
recorded). An additional 51 clay licks were reported during discussions with local people but not visited
by the research crew. Due to the difficulties of accurately locating clay licks from interviews on maps and
our inability to verify their continued existence and species use, the rest of this report will deal only with
those clay licks visited by the research crew.

We detected a total of 14 mammalian and 25 avian taxa using clay licks (Table 2, Table 3). We detected
only mammals at 49% of the clay licks, only birds at 5%, and birds and mammals at 46%. The most
common mammal species detected were paca (59% of 152 clay licks visited), tapir (28%) and red brocket
deer (23%, Table 2). Most bird marks in the soil could not be identified to species so many birds were
only identified to groups. We found evidence of Psittaciformes (parrots etc) at 36% of licks cracids
(guans, curassows, and chachalacas) at 22% of licks and pigeons at 12% of licks. At some licks birds
could be identified to species by sight, feathers or reports. In this way we identified 24 species of birds.
The top 13 species were all parrots (Table 3).

The clay licks visited occurred in a variety of physical settings: 47% in river banks, 39% in stream banks,
7% holes in flat forest floor, 5% on slopes in the forest, and 1% lake edge (Table 4). Of those shown to us
by local people the percentages were 44% in river banks, 27% in stream banks, 19% holes in flat forest
floor, 8% in slopes in the forest, and 2% lake edge. Animal use differed significantly among the different
types of clay licks for seven taxa (Tables 5, 6). Tapirs used forest licks much more than expected (Chi-
square test, p< 0.00001). White-lipped Peccaries, deer, and arboreal mammals used forest and stream
licks more than river licks (Chi-square test, p < 0.01). Capybara, large parrots, and large macaws used
river edge clay licks much more than expected (Chi-square test, p<0.002).



Table 3: Bird taxa detected at 152 clay licks

Table 2: Mammal taxa detected at 152 clay licks in in Madre de Dios, Peru.

Madre de Dios, Peru.

" " Licks Licks
LEY G :‘t;f)ks :‘,\'l():ks Taxon (%) (N)
Cobalt-winged Parakeet 1% 17
Paca 59% 90
- Mealy Parrot 11% 17
Tapir 30% 45
1 Red-and-green Macaw 9% 14
Deer 24% 37
— Blue-headed Parrot 9% 14
Squirrel 22% 33
Dusky-headed Parakeet 9% 14
Capybara 21% 32
3 Black-capped Parakeet 7% 10
Monkey 18% 28
— Orange-cheeked Parrot 7% 10
White-lipped peccary 14% 22
7 Yellow-crowned Parrot 6% 9
Small rodents 20% 30
Scarlet Macaw 5% 8
Collared peccary 10% 15
— Blue-headed Macaw 5% 8
Porcupine 8% 12
- White-bellied Parrot 5% 7
Agouti 7% 11
White-eyed Parakeet 5% 7
Brazilian rabbit 1% 1
Chestnut-fronted Macaw 5% 7
Pacarana 1% 1
Blue-throated Piping-Guan' 4% 6
Cow 1% 1
Jay? 3% 4
Total 152
Amazonian Parrotlet 3% 4
'Red brocket deer confirmed, gray brocket deer possible
% Southern Amazon red squirrel confirmed Blue-and-yellow Macaw 2% 3
Red howler monkey and black-faced spider monkey confirmed, ] o
dusky titi monkey and saddle backed tamarin each seen near a Speckled Chachalaca 2% 3
single clay lick but not confirmed eating soil Dusky-billed Parrotlet 20, 3
4 Species unknown
5Species unknown but bicolor-spined porcupine known to occur in Razor-billed Curassow1 2% 3
the area
Rose-fronted Parakeet 1% 2
i o,
Table 4: Lick types encountered in Madre de Tui Parakeet 1% !
Dios, Peru. “All visited” represents all clay licks Red-bellied Macaw 1% 1
visited during the study, including those found Rudy Pigeon® 1% 1
through chance encounters, reports from local - 3
. Scaled Pigeon 1% 1
people, systematic surveys and all those shown
to us by local people. “Guided” includes only Total 152

the clay licks which were shown to us by local X . .
An additional 34 licks were recorded as used by

people. unknown species of Cracidae based on bill marks in
Lick type Allvisited  Guided | , theclay _
“Species unknown, there are two species of
River bank 72 47% 23 44% Cyanocrorax jays in the area which are known to
o o occasionally use clay licks
Stream bank 59 39% 14 27% *An additional 13 licks were recorded as used by
Hole in ground 11 7% 10 19% unknown species of pigeons based on bill marks in
. the cl
Slope in the forest 8 5% 4 8% e
Lake edge 2 1% 1 2%
Grand Total 152 52
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Table 5: Use of clay licks according to the physical location for clay Table 6: Use of clay licks according to the physical

licks found in the Department of Madre de Dios, Peru. “River/lake location for clay licks found in the Department of Madre
edge” licks were located on the river or lake edges. “Stream” licks de Dios, Peru. “River/lake edge” licks were located on
were located in the banks of streams. “In forest” licks were in holes the river or lake edges. “Stream / in forest” licks were
in the ground or on slopes inside the forest. Lick types were located in the banks of streams, in holes in the ground,
combined to allow analysis with Chi-squared tests. The “Total licks or on slopes inside the forest. Lick types were combined
found” represents the combined frequency for all the clay licks to allow analysis with Chi-squared tests. The “Total
visited during the study. Percentages in bold type are larger than licks found” represents the combined frequency for all
expected by chance. the clay licks visited during the study.
River / In River / Stream /
Taxon lake edge Stream forest Total Taxon lake edge in forest Total
Paca 47% 42% 11% 90 Deer 24% 76% 37
Arboreal 36% 43% 299, g7+ Cracids 32% 68% 34
mammals .
- Squirrel 48% 52% 33
Birds 51% 36% 13% 78
Capybara 88% 13% 32%**
Parrots 59% 31% 9% 54
- Large parrots 7% 23% 30**
Tapir 20% 42% 38% 45***
- Monkey 50% 50% 28
Total licks found 49% 39% 13% 152
White-lipped Peccary 0% 100% 22%*
*Use differed from expected (Chi-squared test, P<0.05)
##* Use differed from expected (Chi-squared test, P<0.01) Pigeons 38% 63% 16
*#% Use differed from expected (Chi-squared test, P<0.001)
Large macaws 94% 6% 16~
Collared Peccary 27% 73% 15
Porcupine 33% 67% 12
We conducted 80 km of transects along rivers and 36 km Red-howler Monkey 55% 45% 11
Qf transects along streams and found a total of 72 clay Agouti 559 45% 11
licks (Table 1). For a team of three researchers, transects Total licks found e 1o =
. . otal licks foun
took about 177 + 79 (N = 26 transects) minutes per linear 2 s

km for streams and 96 + 50 minutes per km of transect for  «yse differed from expected (Chi-squared test, P<0.05)
rivers (N = 38 transects). Clay lick abundance varied ** Use differed from expected (Chi-squared test, P<0.01)

. e . . . ##% Use differed from expected (Chi-squared test, P<0.001)
significantly among the different rivers surveyed, ranging
from O per km of river and stream transect on the
Tambopata River to 1.05 and 2.63 per km of river and stream transect respectively on the Piedras River
(ANOVA: F,7=4.95,P=0.0014, Table 1, Fig. 2). Stream transects averaged significantly more clay
licks per km than river transects (Stream: 1.23£1.87, N = 40; River: 0.44+1.88, N = 37; ANOVA: F, 7 =
6.00, P =0.017).

The clay lick areas averaged 413 + 1086 m” (range 4.2 to 5795 m?). Sixty-two of the 152 clay licks were
composed of multiple sections totaling 262 clay lick sections used by animals. Of these we obtained a
complete set of measurements for 160 sections. The exposed soil patches for these clay lick sections
averaged 57 + 226 m* (range 0.03 m” to 3030 m?) while the area actually used by the animals averaged
7.4 +31.2 m* (range 0.001 to 450 m®).
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The principal components analysis of these 160 lick sections calculated four linear combinations of the
measurements that explained significant amounts of variation in the data set (Eigenvalue > 1, Table 7).
High values of each principal component

broadly correspond to the following clay > ]

lick characteristics: PC1 (larger lick face H River bank
with little vegetative cover); PC2 B Stream bank
(greater vegetative cover and taller lick
face); PC3 (wider and lower lick face);
and PC4 (vegetation further from the
front of the lick and shallower
excavations in the used area of the lick).
The discriminant function analysis
showed that all four of the principal
components were useful in
distinguishing used from unused clay 1
licks for at least one taxon. The
discriminant functions distinguished

Licks per km

used from unused clay licks significantly 0

better than random for the fo]]owing Amigos Colorado Madre de Dios Piedras Tambopata
taxa: parrots, large parrots, large River

macaws, birds, tapir, white-lipped Figure 2: Clay licks encountered during systematic transect surveys along five
peccary, and paca (Chi square > 13, df = rivers in the Department of Madre de Dios, Peru. No clay licks were found in
4, p <0.05, Table 8). The discriminant transects on the Tambopata River. The km of transect surveyed on each river is
functions for the remaining taxa did not presented in Table 1.The abundance of clay licks on the Piedras River was
discriminate used from unused c]ay licks significantly greater than all other rivers p<0.05 Fisher’s Least significant
significantly better than chance: cracids, difference test.

agouti, capybara, monkeys, deer,

squirrels, arboreal mammals, black-faced spider monkey, red howler monkey, pigeons, porcupines, and
small rodents. In general, clay licks used by psittacines were large and open. Licks used by all birds
combined were large but with more vegetative cover. Licks used by tapirs were low and had less cover.
Licks used by white-lipped peccary were wide, low, small and had more vegetative cover. Licks used by
pacas were small with more vegetative cover.

During the course of the study we collected 288 soil samples (55% from areas used by animals and 45 %
from areas not used by animals). These soils have been dried and are currently in Lima, Peru awaiting
analysis.

Ecotourists were detected or reported at 10% of 130 clay licks. Parrots were detected at all but one of the
clay licks used by tourists. The one lick used by tourists that did not have parrots was used by large
ungulates including tapir. Ecotourists used 42% of all large parrot clay licks, 38% of all large macaw clay
licks, and 26% of all parrot, macaw, or parakeet clay licks. Clay licks used by parrots were used by
tourism significantly more than expected when compared to all the clay licks in the study (Z > 2.0, P <
0.01, Table 9, Fig. 3). Clay licks used by mammals were not used more than expected (Z < 1, P > 0.5,
Table 9, Fig. 3). Hunters were reported or detected at only 6% of 128 clay licks and all of these clay licks
were used by terrestrial game mammals. A larger percentage of parrot clay licks had hunting than other
types of clay licks, but no clay licks used by any taxon were used more by hunters than expected (Z < 1, P
> 0.5, Fig. 4).
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Table 7: Principal components describing the variation in the measurements
taken at 160 sections of clay licks used by vertebrates in the lowland forests
of Madre de Dios, Peru. Larger values of each principal component broadly
correspond to the following: PC 1 larger exposed clay lick face with little
vegetative cover; PC2 greater vegetative cover and taller lick face; PC3
wider and lower lick face; and PC4 vegetation further from the front of the
lick and shallower excavations in the used area of the lick. The percent of the
total variation in the data set is shown for each principal component. Only
principal components with eigenvalues > 1 are included.

PC1 PC2 PC3 PC4

Total variation explained 27%  16% 12% 10%
Total width 0.22 -0.13 0.16 -0.30
Total height 0.21 0.34 -0.23 0.15
Total % covered by vegetation -0.29 0.35 0.05 -0.02
Exposed soil height 0.39 0.27 -0.28 0.05
Exposed soil width 0.34 0.06 0.56 0.17
Eggg;?%rfo” % covered by -0.24 050 013 -0.15
Used area height 0.31 0.28 -0.08 -0.02
Used area ht above ground 0.34 0.24 -0.31 0.15
Used area depth -0.13  0.12 0.18 -0.34
Used area width 0.29 0.11 0.58 0.26
Used area % covered by vegetation -0.23  0.50 0.14 -0.16
Closest vegetation horizontal 0.24 -0.04 0.06 -0.60
Closest vegetation above 0.28 -0.01 -0.06  -0.50

Table 8: Descriptions of clay licks used by vertebrates in Madre de Dios, Peru for which discriminant function analysis of lick
measurements discriminated between licks used and licks not used by each taxon more than expected by chance. The PC values
show the standardized discriminant function coefficients assigned to each principal component. The larger positive or negative
values indicates that this principal component contributed most to the ability to distinguish among used and unused licks. For
example, clay licks used by tapirs were characterized by low values of PC 2, which translates in to short clay licks with little
vegetative cover. Clay licks used by large macaws were characterized by large values of PC1 (large clay licks with little vegetative

cover) and large values of PC4 (vegetation further away from the lick).

Primary Secondary

P value description description
Parrot 44 <0.0001 0.55 0.27 0.07 -0.04 Large, open
Large parrot 21 <0.0001 0.64 0.15 0.14 0.07 Large, open
Large 8 <0.0001 058 026 022 031 Large, open Vegetation further
macaw away
Bird 63 0.0003 0.5 0.33 0.1 -0.08 Large, open High cover
Tapir 38 0.0056 0.25 -0.63 -0.09 -0.075 Little cover, low
White-lipped ) ) i . Low, small, high
Peccary 22  0.0098 0.34 0.35 0.50 0.15 Wide, low cover
Paca 68 0.01 -0.46 0.37 -0.16 -0.0065 Small, high cover Low
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Figure 3: Clay licks visited by tourists in Madre de Dios, Peru by animal taxon which uses the lick.
The bars represent the binomial 95% confidence interval around the proportion. Taxa for which the
lower limit of the confidence interval is above the overall percentage of 10% (shown at the right) are
statistically significantly greater than expected.
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Figure 4: Clay licks with confirmed hunting in Madre de Dios, Peru by animal taxon which uses the
lick. The bars represent the binomial 95% confidence interval around the proportion. None of the taxa
have lower limits of the confidence interval greater than the overall percentage (shown at the right)
suggesting that none are statistically significantly greater thlaE expected by chance.




Table 9: Clay licks visited by tourists in

D ISCUSSIon Madre de Dios, Peru by animal taxon which

uses the lick.

The set of 152 clay licks with 262 clay.h‘ck SCCthH.S represents Lick taxon Total Visited by
the largest number of geophagy sites visited by a single research tourists
team and the largest study in South America. Our sample sizes Large parrots 26 11 42%™
are rivaled only by the work of Jones and Hanson (1985) who Large 16 6  38%"
studied soil samples and characteristics from 276 ungulate licks macaws
collected by government agency personnel across the US and Parrots 47 12 26%"
Canada. Our study is also the first to conduct systematic surveys Any bird 68 13 19%
for clay l¥cks. The rqsultlng data set prqwdes us w1.th the Monkeys 57 4 15%
opportunity to quantify the characteristics of clay licks used by

. . O,
different taxa and compare the abundance of clay licks among Ungulates 53 7 18%
different areas. This data set also allows us to explore how clay Any mammal 124 12 10%
lick use by humans (tourists and hunters) differs according to Total 130 13 10%
which taxa use the clay licks. Recent work has shown that the _ — —

. . . ## P <0.0001 from a Z-test on the difference in proportions of each lick type

Department Of Madre de DIOS n SOUtheaStern Peru 1S the used by tourism versus the proportion of all clay licks (total) used by tourists

epicenter of avian clay lick use in South America and possibly the ~ *r<oo
world (Lee et al. In review). For this reason, it is not overly
surprising that we were able to encounter a large sample of clay licks in this four month long study.

Clay lick encounter methodology

To date, most of the research on geophagy is based on opportunistic encounters of animals consuming
soil (Mahaney and Hancock 1990, Mahaney et al. 1995a, Mahaney et al. 1995b, Voigt et al. 2008). As a
result our knowledge of clay licks has been based mostly on studies of few clay licks used by a small
group of taxa. This is especially true for studies of avian geophagy (Emmons and Stark 1979, Diamond et
al. 1999, Gilardi et al. 1999, Brightsmith and Aramburd 2004, Brightsmith et al. 2008) but see (Powell et
al. 2009).

Interviews with local people provided information on > 50 different clay licks and allowed us to find and
visit nearly 40% of all clay licks visited during the study. The latter percentage would have been higher
had the research crew invested more time looking for clay licks reported by local people. This shows that
local people have a great deal of knowledge about clay licks, and future clay lick investigators should
continue to tap in to this knowledge base. Only 15% of the clay licks were discovered by chance
encounters by the research crew, and these were usually large obvious clay licks near the edge of the
river.

Our study is the first to report on systematic surveys for all types of vertebrate geophagy (see also
(Montenegro 2004) who did surveys in a semi-quantitative manner). Nearly half of all clay licks (N = 47)
were found during transects and encounter rates averaged 0.8 licks per km of transect. This shows that the
method of walking stream and river edges provides a systematic method of detecting clay licks that
allows researchers to compare clay lick abundance among different sites. Unfortunately, this method does
not provide a true clay lick density as the river and stream edge areas surveyed are basically linear. As a
result, with the method the way we used it, we are unable to estimate how many clay licks exist per unit
area. True densities could be better calculated via surveying plots or fixed width transects. However, our
experience suggests that this method would likely find few clay licks per hour of researcher time and
would not have allowed us to have enough clay licks to describe patterns of animal and human use.

Our transect survey design eliminates the bias towards large, obvious, clay licks used by game animals
and parrots associated with finding clay licks through chance encounters and information from local
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people. However, this method clearly biases towards finding clay licks along river and stream edges. To
date no good method exists for surveying forest interior clay licks (slopes in the forest and holes in the
forest floor). However, Montenegro (2004) does report on using a trail system to search for clay licks in
northern Peru. This bias against forest interior licks is biologically relevant, as some species such as tapir
and white-lipped peccary are significantly more common at clay licks inside the forest.

Using tooth and beak marks to find clay licks is likely highly sensitive to both rain and changes in river
and stream levels, as these can eliminate bite marks, animal tracks, and feathers required to find clay licks
and identify the species which use them. For this reason, the study was conducted during the dry season.
Nonetheless there was rain recorded during the study and river level changes and rain events may have
reduced clay lick detection in some transects. Another potential bias is the seasonal variation in lick use
by vertebrates. Our research on parrots at the Tambopata Research Center has shown that lick use can
drop by over 90% from the high to low seasons for some species. Many lick using mammals also show
significant seasonal variation in lick use. Kyle (2001) also working in Madre de Dios reports that black-
faced spider monkey and red howler monkey use clay licks more in the dry season, while red brocket deer
and peccaries use licks more in the wet season. As a result, the species detected using clay licks may vary
depending on the season in which the study is conducted.

Spatial variation in lick abundance

We found that the abundance of clay licks varied greatly among the different rivers sampled. In general
there was a north to south gradient in lick abundance. The Piedras River contained the most northerly
areas studied and had the highest lick abundance followed from north to south and in decreasing
abundance by Amigos, Madre de Dios, Colorado and Tambopata (Fig. 1). The coarse grade geology maps
available show that the majority of the study area is covered by a mixture of the older Madre de Dios soil
formation, subrecent alluvial deposits, and recent alluvial deposits (Geology of Madre de Dios.shp
available at http://atrium.andesamazon.org/metadata_search.php. At this scale, there is apparently little
gross difference among the river areas sampled. The northern rivers are low gradient, meandering rivers
which erode the adjacent uplands as they meander through the landscape. By contrast, the southern rivers
(Colorado and Tambopata) are higher gradient, braided rivers, which on deposit a great deal of sediment
as they descend from the Andes. As a result, some of the difference in abundance of clay licks in this
region may be due to the rate at which the river and associated streams erode in to older upland sediments
and expose potentially suitable soils.

Lick characteristics

The wide range in the size and physical settings of clay licks discovered in this study was surprising. As
expected we found the typical large river bank cliffs used by hundreds of parrots and macaws and the
typical wide shallow holes in the forest floor used by hundreds of white-lipped peccaries, tapirs and other
ungulates. These two types of large licks are the ones most often targeted by researchers and tourists, so
are the ones most commonly known (Kyle 2001, Brightsmith 2004, Brightsmith and Aramburd 2004).
Before the initiation of this study, we were unaware of the large number of clay licks, which are little
more than the scrape marks left by a small number of pacas or other rodents. However, even some of
these tiny clay licks showed signs of repeated use and are likely important in the ecology of the
individuals which use them.

In our study we did not encounter clay licks in tip up mounds from large forest trees. Such licks are likely
ephemeral and used by smaller numbers of smaller species, so are less likely to be known or mentioned
by local people. In addition, they are probably more common in closed forest, a habitat that we did not
survey extensively. We also did not find any clay licks, which were the result of landslides. Again
because such licks would be more common in high gradient forest areas, which were rarely encountered
in our study.
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Lick use

The taxa we reported using clay licks are similar to those found in other studies of geophagy in the
western Amazon. For mammals, the ungulates (tapir, both peccaries and red brocket deer), large rodents
(paca, agouti sp., porcupine sp. and capybara), and large monkeys (howler and spider monkey) are
regularly reported in geophagy studies in Peru (Kyle 2001, Montenegro 2004). The unidentified small
rodents could be one of a wide number of species as many small rodents are known in this region (Leite-
Pitman 2007). Previous work in northern Peru recorded spiny rats (Proechimys) using clay licks and the
marks found during the current study could have been made by members of this genus.

Two species which have not been reported previously in the literature were recorded by tooth marks on
one clay lick each. They were Pacarana and Brazilian Rabbit. However neither of these species has been
seen actually consuming soil. As a result these species should be considered as possible, not confirmed.
Similarly, saddle backed tamarins and dusky titi monkeys were both seen leaving the areas of clay licks
and were suspected from tooth marks on the soil, but neither was confirmed eating soil. These species
have never been seen eating soil by our research crews in Peru, but other species in both of these genera
(Callicebus and Saguinus) are known to consume soil in other areas (Heymann and Hartmann 1991,
Miiler et al. 1997). As a result, we would consider these species as possible but unlikely geophagists.

Interestingly, the gray brocket deer was not confirmed using licks in this study, but we could not
differentiate its tooth marks from those of red brocket deer. While the red brocket deer is regularly
reported, the gray was not recorded using licks in other studies on the Madre de Dios River and in
northern Peru (Kyle 2001, Montenegro 2004, Licona 2009). However local people say that the species
does use clay licks in Madre de Dios, and in northern Peru (Montenegro (2004) in northern Peru.

We did not confirm any bird species using clay licks that had not been seen previously by members of our
research teams (Brightsmith 2004, Brightsmith and Arambura 2004, Tobias and Brightsmith 2007,
Brightsmith et al. 2008) (DB unpublished data). Four species known to eat soil that occur in the study
area were not recorded in the current study: Plumbeous and Pale-vented Pigeon, Scarlet-shouldered
Parrotlet, and Spix’s Guan. The Plumbeous Pigeon is basically indistinguishable by sight from the Ruddy
Pigeon. The Pale-vented Pigeon is more distinctive, but both may have been present but misidentified, or
lumped as pigeon sp. The Scarlet-shouldered Parrotlet is distributed throughout the study area but was
seen or heard only five times and was the rarest parrot species detected during the study. It has been
reported at one clay lick (Lee et al. In review) and one mineral spring (Arnillas Merino and Vigo Trauco
2006) so likely uses licks in the study area. The failure to detect Spix’s Guan is harder to explain. Spix’s
Guans are regularly reported at clay licks on the Madre de Dios River, lower Tambopata River and rarely
on the upper Tambopata River (Kyle 2001, Brightsmith 2004, Brightsmith and Aramburu 2004). Beak
marks of unidentified guans were seen on many licks and some of these were probably made by Spix’s
Guans.

During the study we did see one group of parrots that we were unable to identify, which may have been a
taxon not yet recorded consuming soil. On 28 October 07 at about 9:00 AM, GV observed a group of
seven parakeets of the genus Pyrrhura at a clay lick about 17.3 km upstream from the mouth of the Los
Amigos River (UTM 191378158 E 8617419 S). She was standing approximately 5m from a clay lick
when groups of Rose-fronted Parakeet, Amazon Parrotlet, Dusky-billed Parrotlets and Cobalt-winged
Parakeets began to descend to the lick in front of her. She watched the birds descend to the lick. At one
point she noticed seven Pyrrhura arrive as a group. She observed all seven in the vegetation above the
lick and watched as four members of this group descended to the clay lick. This group of seven behaved
as a separate group, arriving and eventually departing together. The calls of this group were distinctive
from the calls of the Rose-fronted and Black-capped Parakeets with which she is very familiar. The calls
of the new birds were sharper than these other two species. When she realized that the birds looked and
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sounded different, she returned to the boat which was about 5 m away to listen to the recordings. Given
that the CD did not distinguish among the different taxa that have recently been split from the traditional
Painted parakeet (Pyrrhura picta) this was of limited help. Upon return, a group of Black-capped
Parakeets was going down to the clay lick in the same area. As a result, she was able to see the new birds
alongside with both Rose-fronted and Black-capped Parakeets. The birds had a maroon colored crown
and forehead (much darker than the surrounding Rose-fronted Parakeets) and the maroon did not extend
to the nape. The amount of maroon was variable among the individuals. The birds did not have the yellow
patch in the auricular area of the Rose-fronted, nor did they have the green cheek of the Black-capped
Parakeets. Instead they showed a small whitish patch in the auricular area. The white scaling of the breast
was less prominent than that of the Black-capped Parakeets. The belly patch was maroon, similar in color
to the head. The birds were noticeably smaller than the Black-capped Parakeets and similar in size to the
Rose-fronted. The appearance of the bird was very similar to the illustration on plate 89 of Forshaw
(2006) which is labeled as “P. roseifrons x P. peruviana or undescribed form.” However, Forshaw states
that this form is found in the north of Peru, not from the area where we were working. The bird closely
matches the illustration of the immature Rose-fronted Parakeet in Schulenberg et al. (2007) but the
behavior of the individuals and the failure to associate with the other Rose-fronted Parakeets in the group
suggests that they may pertain to some other taxon. Much work has been done recently to refine the
taxonomic status of this genus (Joseph 2002, Joseph and Stockwell 2002, Ribas et al. 2006). Further
work, including photos, or ideally specimens, are needed to determine the identity of these birds and how
these individuals fit in to the taxonomy of the genus Pyrrhura.

Our findings of preferences for licks in different settings (river edge, stream bank, and forest interior)
match well with the habitat preferences of the various species of mammals in the study. Tapir, deer, and
white-lipped peccary preferred licks inside the forest. These species are usually detected in the forest
interior and are only rarely seen along rivers even in areas with little hunting like the upper Tambopata
River (DB and GV personal observation). In addition, most of the rivers traversed during this study are
hunted (Madre de Dios, Piedras, and lower Tambopata) or were hunted recently (Amigos) which would
tend to push these favored game species to use clay licks further from the river. The finding that capybara
used river edge licks more frequently is not surprising as the species is most common in river edge
successional vegetation. The finding that large parrots and large macaws used river edge clay licks is in
keeping with their apparent preference for large licks with little vegetative cover. The finding that paca
had no apparent preference for river, stream or forest licks despite the large sample size of licks
encountered (N = 90) suggests that the species is truly broad in its habitat tolerances and lick use. For
many of the other taxa it is hard to tell if we would have found significant differences if we had larger
sample sizes.

The measurements of the clay licks show that the psittacines (parrots, large parrots and large macaws)
preferred larger and more open clay licks. This is likely due to the fact that these groups are usually large
and noisy making them easy for predators to locate (Burger and Gochfeld 2003). As a result, the high
licks with good visibility reduces the threat posed by predators, especially terrestrial predators (felids,
tyra, snakes, etc.) and provide better abilities to escape from avian predators (hawks and falcons) . The
higher cover at licks used by all birds combined likely comes from the birds like guans and pigeons which
use licks in small, quiet, temporally unpredictable groups (DB unpublished). The inability to climb or fly
led to a quite logical preference for lower licks among tapirs, white-lipped peccary and paca. The tapir
used licks with little cover immediately in front of the lick. This could be due to a preference for slightly
more open areas or could be due to tapirs removing vegetation in the immediate vicinity of the favored
lick areas. By comparison the paca and white-lipped peccary both used licks with higher vegetative cover.
Pacas likely prefer to remain close to cover to reduce the probability of predation when using licks. Why
the large, obvious and aggressive groups of white-lipped peccaries use licks with higher cover is unclear.
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During our study, we were only able to visit each clay lick once. As a result, we are sure that we only
detected a subset of the animals that used each clay lick. Studies show that at least nine visits were needed
to describe the community of parrots which use clay licks (Lee et al. In review). As a result, with further
visits to each lick, we would likely find more species at each lick. If we were able to encounter a higher
proportion of the species that use each clay lick, we would have likely encountered additional statistically
significant associations with clay lick type and clay lick measurements. Our failure to detect species at
clay licks that were truly used by the species would likely mask significant patterns, not cause spurious
patterns to become significant. As a result, we feel that it is unlikely that these biases would radically
change the significant results we found in the current study.

In a number of instances we discovered areas that had obviously been used as clay licks in the past, but
which had been abandoned for periods of months or more. In addition we visited clay licks with local
people where the river bank had collapsed and the area was no longer being used. We also heard stories
from local people who said that animals had recently begun to use areas of river banks that had been
exposed for years. These observations show that clay licks are a dynamic resource and their availability
and position in the landscape slowly shift over time. In areas where clay licks are highly abundant, these
shifts may be quite rapid and of little significance to the animals that use them, because alternative licks
may be relatively nearby. However, in regions where licks are uncommon, the loss of large clay licks may
result in the loss of access to licks for some individuals or movements of many individuals in to areas
surrounding available licks. As a result, large clay licks in regions with low densities of clay licks are
likely very valuable resources for the local animals and tourism agencies that use them. Large ungulate
licks in areas with few such licks may also be important for the mammals of entire regions. Where this is
the case, single market hunters may be able to significantly reduce the densities of mammals in entire
local regions. As a result, any plan which seeks to conserve clay licks and the animals that use them must
consider not only the species which use them and the characteristics, but also the dynamic nature of clay
licks, the local density of similar clay licks, and the context in which they occur.

Human use of clay licks

Hunting

The sale of game meat is illegal in Puerto Maldonado (the capital and largest city in the department).
Despite this fact, we had heard rumors of market hunting at clay licks in the region. Waiting for long
periods by clay licks is apparently common in northern Peru (Puertas 1999) where hunters built platforms
at at least 5 of 42 licks used (Montenegro 2004). In addition, previous studies mentioned that local
hunters in the Tambopata region use clay licks while hunting (Gironda Mendoza and Guerra Reyes 2001).
As a result, we were expecting to find evidence of intense hunting at clay licks used by ungulates. In
addition, our methods were designed to detect intense and regular use by hunter. The finding of direct
evidence of hunters (spent shotgun shells) at only one clay lick with reports of hunters at only 7 additional
clay licks was a surprise. We were also surprised that we did not find a single clay lick with a hunter’s
tree stand or with large numbers of spent shells. This suggests to us that intensive market hunting at clay
licks is not as common in the region as we expected. It is likely that some clay licks are being heavily
exploited, but at a regional level it does not seem to be common.

Our discussions with local people suggest that hunters do not commonly hunt by waiting near clay licks
for game as has been found in studies of hunters in northern Peru. This is supported by other studies of
hunting along the Tambopata River which did not report that hunters shot game animals by waiting
extended periods adjacent to large clay licks (Piana 2000, Gironda Mendoza and Guerra Reyes 2001).
Our experience suggests that local hunters knew where licks were located, but instead of waiting by the
licks, they usually walked routes that took them past a number of local clay licks. Given that hunters in
the region normally use clay licks in this way suggests that our methods were insufficient for determining
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what percentage of licks are actually visited by hunters during their expeditions. Future studies will need
to look for more subtle evidence of hunters including small trails, machete cuts, etc. in order to determine
which are exploited by hunters as they pass through the forest.

Tourism

Tourism is an important economic activity in the lowlands of southeastern Peru and many international
ecotourism companies operating in the region advertise visits to parrot and tapir clay licks as part of their
itineraries. We were uncertain how many large parrot and ungulate clay licks existed which were not
being exploited by tourism. The results of this section are still preliminary as we have yet to finish the
study of the lower Tambopata River, the part of the study area most intensely exploited by the tourism
industry. Once we have visited and measured the clay licks on the lower Tambopata River we will be in a
much better position to discuss the tourism industry’s use of clay licks in the region. Our preliminary
analyses show that only 10% of the licks checked to date are visited by tourists. Of more interest is that
tourists use < 50% of all large parrot and large macaw clay licks and < 15% of all ungulate licks. This
suggests that the clay lick resource is not being completely exploited by the tourism industry and that
there are many unused sites that have the species attractive to the tourism industry. The preliminary
analysis show that tourists most commonly used clay licks visited by parrots suggesting, as we expected,
that the opportunity to observe parrots is the most common reason to visit clay licks. However, the
opportunity to see ungulates is also an important tourist attraction, and at least seven of the clay licks used
by tourists are also used by ungulates.

Previous studies in the region have shown that occupancy by large mammals was directly proportional to
the distance from Puerto Maldonado (Licona 2009). Future analyses of our clay lick data will determine
how animal presence, hunting and tourism vary with distance from tourist lodges and population centers.
In this way we will try to determine how human exploitation is changing the community of animals that
use clay licks in the region.

Conclusions

The data set of > 150 clay licks found during this study provides us with the ability to address a wide
variety of hypotheses about the physical characteristics and spatial distribution of clay licks, what animals
use them and how they are exploited by humans. The current report only scratches the surface of what can
be obtained from this data set. Despite the preliminary nature of our analyses, some interesting trends
have emerged. The density of clay licks in the region is very high with > 1 clay lick on the average km of
river bank on multiple rivers. The number of clay licks used by large parrots, large macaws and large
ungulates was also much greater than we would have expected. This study is the first to describe the
physical characteristics of clay licks used by a wide variety of vertebrate taxa. The findings suggest that
many species do not use clay licks randomly, but prefer licks in certain physical settings and with certain
characteristics: parrots prefer larger river edge clay licks and ungulates smaller forest interior licks. In
addition, mammalian species are apparently more likely to use clay licks in the habitats they normally
occupy instead of leaving preferred habitats to use nearby clay licks. We were surprised by the low
percentage of parrot clay licks used by humans. We suspected that tourism operations were visiting the
majority of large parrot and macaw clay licks. But instead they were exploiting less than 50% of such
licks. While we acknowledge that our methods underestimated the use of clay licks by local hunters, we
were pleasantly surprised to find that none of the ungulate licks visited showed signs of intense market
hunting. In summary, this study shows that clay licks are very common in the region and that most remain
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lightly exploited or not exploited by humans. This means that there is still time to protect these important
resources through a mixture of protected areas, tourism management, and community based management
of hunting.

Institutional difficulties

Unfortunately, this study was plagued by a number of institutional difficulties that made its prompt and
effective execution impossible. The vast majority of problems can be traced back to the bureaucracy,
delays, and inability of the Amazon Conservation Association (ACA) office in Puerto Maldonado to
effectively administer the $10,000 in grant money given to the project.

The grant provided by ACA covered only four types of budget items: payment of personnel, boat and
motor maintenance, permits, and contingencies. The remainder of the project costs including food, boat
purchase and motor purchase were covered by a grant by Sea World Busch Gardens. Additional
unexpected expenses, small budget overruns, salary for one assistant, and salary for Brightsmith were
paid by the Schubot Exotic Bird Health Center.

Throughout the project there were constant problems with the payment of personnel. These delays in
payment to assistants caused repeated delays in the field expeditions, budget overruns, inability of the
research team to finish the scheduled field work, and in the end caused all the field assistants on the
project to quit (except the one paid by Schubot). With regards to the field assistants, the salary payments
were usually made two to three months after the proper paperwork was submitted to ACA office in Puerto
Maldonado. On many occasions we were informed by the ACA office that payment was delayed because
the “recibos por honorarios” (official government approved labor invoices) were filled out incorrectly,
this despite the fact that it was the personnel of the ACA office which had filled out these invoices. The
employees were only notified of the need for the corrections 3 — 4 weeks after the invoices had been
submitted.

Another major problem with the payments was that on more than one occasion, the paychecks were given
to third parties (not directly to the employees). At one point a check was given to an employee’s wife and
she did not inform her husband or anyone on the project that the payment had been made. ACA never
informed the project field leader about this payment nor that the check was given to a third party. Because
of this problem, the project field leader (GV) had to insist that all checks be given directly to the
employees only when she (the field leader) was also present.

After two months of payment delays Agustin Mishaja, an assistant from the Native Community of
Infierno, quit the project. His payment was made to him one month after he quit: a total of three months
late.

After about two months of hard work and repeated payment delays project assistant Roger Riquelme
informed the field leader that he needed to make money to support his family. As a result, he took a 12
day leave from the project during which he left town and went off on a logging expedition. After the 12
days he rejoined the project. However, after a total of four months of delayed payments and continuous
problems with receipts (as mentioned above), he unexpectedly abandoned the project during a one day
visit to Puerto Maldonado. Roger was the boat driver and a key part of the 3 person team. He was
expected to report to the boat to start another trip at approximately 5 AM the next day. At about 3 PM,
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after discovering that he once again had not been paid, he got on a motor taxi and said, “see you
tomorrow at 5 AM” and disappeared. No member of the research team saw him again for over a month,
and he never worked with the project again.

During the first few months of the project, the project leaders (Brightsmith, Valdéz-Veldsquez, and Vigo)
tried to hold the research crew together by pressuring the ACA office in Puerto Maldonado and lending
money to the assistants. If we had not done this, the project would have ended as a complete failure after
approximately 2 months. In the end, we lost at least two months of salary that was loaned to a research
assistant and still have outstanding debts with ACA (see below).

There were also many difficulties relating to the payments owed to the project field leader Gabriela Vigo.
The most egregious of these problems can be summarized simply: Ms. Vigo received her final payment
for this work in January 2009, 13 months after having finished the project. On many instances both
project leaders Brightsmith and Valdéz-Veldsquez had to loan money to Ms. Vigo in order for her to
continue her work on the project.

The protocol for submitting work invoices was very confusing and as a result, Ms Vigo was forced to
spend many hours conversing with the administrative personnel from ACA (2 different administrators and
two different accountants) in order to make any progress on the payments. The six research expeditions
realized were very demanding both physically and psychologically, with the research crew spending up to
40 consecutive days working 12 hours a day, living out of the boat and making a new camp every night.
The fact that the crews would return to town after this type of work to find that their payment had not
been made was humiliating and meant that they had to spend their valuable and much needed rest time
fighting with administrators at ACA. Ms Vigo was in an even worse position trying to explain to her
assistants why the payments could not be made and investing a great deal of energy to hold the research
crew together. This contributed a great deal to her exhaustion and frustration.

In the month of November 2007 the final assistant quit the project. At this point the Ms Vigo was forced
to end the project, despite the fact that the final research expedition (to the Tambopata River) had not
been completed.

Ms Vigo had a many problems with the ACA office with regards to the payments for boat maintenance
and contingencies. Due to the realities of working on these rainforest rivers, engine repairs are a frequent
necessity. For such repairs, all price quotes were given to Ms Vigo before the work was done. Due to the
repeated delays by the ACA office in providing the money for these repairs, Ms Vigo was force to use her
own money to cover the cost of these engine repairs. She had to make these payments despite the fact that
she was not receiving her salary payments.

In total, the boat maintenance and contingencies expenses paid by Ms. Vigo cost ~3000 soles (= US
$1000). Despite submitting these receipts in a timely fashion and repeated communications with the ACA
office, Ms Vigo finally received her reimbursements in January 2009, 13 months after the end of the final
research expedition.

As the field portion of the project ended in early 2008 GV felt that she might not ever receive the
reimbursements and salary that she was owed. As a result, she decided her only recourse was to stop
working on processing the project data and not provide copies of the data to anyone until she was paid
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what she was owed. She was supported in this decision by the project leadership (Brightsmith). By
January 2009 when she finally received her final payment, she was in the field and unable to work on this
information. It was not until May 2009 that she was able to finish processing the data and formally hand it
over to the project leadership. As a result, all processing of the information from this project was delayed
for approximately 16 months by ACA’s accounting delays.

As of today (July 2009) ACA owes Valdéz-Veldsquez over US $3000 in reimbursements for expenses
incurred to ensure that the field portion of the project was not paralyzed. Despite the fact that negotiations
have continued, there is no sign of ACA making this payment in the near future.

In summary the execution of this project was hobbled by the inefficiencies and bureaucracy of the ACA
office in Puerto Maldonado. The project was directly harmed in the following ways:

1. Research crews were insulted and demoralized by having to fight for their monthly salaries

2. The research expeditions were delayed by the inability of the project to perform the needed motor
maintenance which resulted in less time in the field and less data collected

3. Budget overruns were incurred due to spending more time on food and lodging for researchers
forced to spend additional time in town waiting of their payments

4. The project field leader and directors had to waste a great deal of time, energy and financial
resources fighting to get payments made by the ACA office

5. The data analysis, report preparation and publication were delayed by about 16 months

Had it not been for the project staff using their own money, this project would have been a complete
failure. In the future, researchers receiving grants from ACA should require that the entire amount of the
grant be given up front so that it can be administered by an entity other than the ACA office in Puerto
Maldonado.

To me (Brightsmith) the saddest and most ironic thing about this experience is that one of the project
assistants left my research project to go and participate in illegal logging because the conservation
research project for which he worked very, very hard was unable to pay him the money he was owed.
This saga is doubly sad because the individual involved was a very intelligent, capable and hard working
resident of Madre de Dios. Yet, as a result of his abandonment of the project, the money owed and the
valuable equipment “lost,” he will no longer speak to me or any of the members of the research team. As
a result I feel that conservation in Madre de Dios may have lost a valuable ally and gained a capable foe.
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Appendices

Appendix 1: Latin and English names of the birds mentioned in the text. Names and taxonomic order
follow the South American Checklist from the American Ornithologist’s Union (Remsen et al. 2009).

Order Galliformes
Penelope jacquacu Spix's Guan
Pipile cumanensis Blue-throated Piping-Guan
Ortalis guttata Speckled Chachalaca
Mitu tuberosum Razor-billed Curassow
Order Columbiformes
Patagioenas speciosa Scaled Pigeon
Patagioenas cayennensis Pale-vented Pigeon
Patagioenas plumbea Plumbeous Pigeon
Patagioenas subvinacea Ruddy Pigeon
Order Psittaciformes

Ara ararauna Blue-and-yellow Macaw
Ara macao Scarlet Macaw
Ara chloropterus Red-and-green Macaw
Ara severus Chestnut-fronted Macaw
Orthopsittaca manilata Red-bellied Macaw
Primolius couloni  Blue-headed Macaw
Aratinga leucophthalma White-eyed Parakeet
Aratinga weddellii  Dusky-headed Parakeet
Pyrrhura roseifrons  Rose-fronted Parakeet
Pyrrhura rupicola  Black-capped Parakeet
Forpus sclateri  Dusky-billed Parrotlet
Brotogeris cyanoptera Cobalt-winged Parakeet
Brotogeris sanctithomae Tui Parakeet
Nannopsittaca dachilleae  Amazonian Parrotlet
Touit huetii  Scarlet-shouldered Parrotlet
Pionites leucogaster White-bellied Parrot
Pyrilia barrabandi  Orange-cheeked Parrot
Pionus menstruus Blue-headed Parrot

Amazona ochrocephala Yellow-crowned Parrot
Amazona farinosa Mealy Parrot
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Appendix 2: Latin and English names of the mammals mentioned in the text. Latin mammalian taxonomy
follows Leite-Pitman (2007). English names for mammals follow Emmons (1997).

Order Artiodactyla

Mazama americana

Red brocket deer

Pecari tajacu

Collared peccary

Tayassu pecari

White-lipped peccary

Order Lagomorpha

Sylvilagus brasiliensis

Brazilian rabbit

Order Perissodactyla

Tapirus terrestris

Lowland tapir

Order Primates

Saguinus fuscicollis

Saddle-backed tamarin

Alouatta sara

Red howler monkey

Ateles chamek

White-bellied spider monkey

Callicebus brunneus

Dusky titi monkey

Order Rodentia
Cuniculus paca Paca
Dasyprocta punctata Brown Agouti
Dinomys branickii Pacamama

Coendou bicolor

Bicolor-spined porcupine

Hydrochaeris hydrochaeris

Capybara

Sciurus spadiceus

Southern Amazon red squirrel

Project staff in the field. From left to right, Gabriela Vigo Trauco (field leader), Jerico Solis Salazar
(project assistant), Donald J. Brightsmith (project director).
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