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Rio Negro (elevation 1450 m, UTM: 17-810439-
9844053) is located on the north side of the Rio Pastaza
and consists of pastures, secondary forest, and ba-
nana plantations. The soil at this locality had experi-
enced erosion and there are numerous gullies. Traps
were placed along the road, fencelines, and in a ba-
nana grove.

Colonia Azuay (elevation 1700 m, UTM: 17-
811451-9851351) is located on the north side of the
Rio Pastaza and comprises secondary forest and fruit
orchards. This locality also is bisected by the Rio
Topo, a tributary of the Rio Pastaza. Traps were placed
along roadsides and in pastures of knee-high grasses.

La Estancia (elevation 1700 m, UTM: 17-
809292-9839992) is located on the south side of the
river above the town of Rio Negro and includes agri-
culturally developed land and patches of secondary
forest. Traps were placed in grass along the road, a
stream bed, a mudslide in the forest, and fencelines
surrounding fields.

Zona de Lahares (elevation 2400 m, UTM: 17-
782408-9844274) is located west of the town of Bafios
on the south side of the river. This locality is an old
lava flow comprised of unstable rock and thorn scrub
vegetation. The lava flows originate from Volcdn
Tungurahua, which is located within Parque Nacional
Sangay. Traps were placed in grassy areas near the
lava flow, the rocky-thorn scrub area, and a garbage
dump along the highway.

The Represa Agoyadn site (elevation 2550 m, UTM:
17-791688-9846533) is located on the north side of
the Rio Pastaza. This site consists of terraced fields
and orchards, and lies at the base of a steep hill. Traps
were placed on cultivated terraces, within the orchard,
and on the hillside.

Two localities (elevation 2700 m, UTMs: 17-
787737-9844512 and 17-787329-9843651) were
sampled near Runtiin. Runtdn is a small resort on the
south side of the Rio Pastaza. These localities consist
primarily of developed land. Traps were placed within
woodlands surrounding agricultural fields, around cane
fields, and around buildings.

Collection of specimens.—Mammals were cap-
tured according to standard techniques for sampling
small to medium-sized species (Animal Care and Use
Committee 1998; Jones et al. 1996). Sherman live
traps were used for rodents and small marsupials. Col-
lections were made over 17 nights between 18 July
2001 and 6 August 2001 using 400 traps for a total of
6800 trap nights. Voucher specimens were made for
all captures and were prepared as museum study skins
and skeletons and deposited in the Natural Science
Research Laboratory (NSRL), The Museum, Texas
Tech University, and the Museo de Zoologia (QCAZ)
of the Pontificia Universidad Catdlica del Ecuador.
Frozen tissue (heart/kidney, liver, muscle, lung, spleen)
samples and samples in lysis buffer for all specimens
also were deposited in the Genetic Resources Collec-
tion, NSRL. Tissues samples stored in ethanol were
deposited in QCAZ.

Morphologv.—The skull of each individual was
measured with digital calipers accurate to the nearest
0.01 mm and rounded to the nearest 0.1 mm. Seven
cranial measurements and four external measurements
were recorded for all rodents. The four external mea-
surements (total length, tail length, hind foot length,
and ear length) were recorded directly from the speci-
men tag. The seven cranial dimensions used were:
greatest length of skull, breadth of braincase, maxil-
lary toothrow length, zygomatic breadth, rostral
breadth, interorbital breadth, and depth of braincase.
All cranial measurements were taken as described by
Hooper (1952). The same cranial and external mea-
surements were recorded for all marsupials, with the
exception of the maxillary toothrow length. Means of
measurements (Table 1) for all species were used to
aid in identification of the specimens.

Karyology.—XKaryotypes were prepared in the
field following the methods of Baker et al. (2003). A
minimum of ten chromosomal spreads were exam-
ined per specimen to determine diploid (2n) and fun-
damental (FN) numbers. Karyotypes are described
for rodent species in Table 2. Cell suspensions were
deposited in the Department of Biological Sciences,
Texas Tech University.

Genetics.—The mitochondrial cytochrome-b
gene was used to genetically identify specimens.
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Genomic DNA was isolated from 0.1 g of liver using a
DNeasy tissue extraction kit (Qiagen, Valencia, Cali-
fornia). The mitochondrial cytochrome-b gene was
amplified from all individuals using primers LGL765
(J. L. Patton, pers. comm.) and L.14724 (Irwin et al.
1991). The following polymerase chain reaction (PCR)
parameters were modified as described by Saiki et al.
(1988): 33 cycles of 94°C denaturation (45 sec), 56°C
annealing (1 min), 72°C extension (1 min 30 sec), and
1 final 72°C extension cycle (10 min). Amplifications
were performed in 50 11 volumes and were modified
from those described by Allard et al. (1991). Each 50
i1 reaction contained 3 i1 (10 mM DNA), 311 (10
mM) each primer, 311 (25 mM MgCl,), 311 dNTPs
(1 mM each), 511 (10X buffer), 0.2 11 Tag (5U/1 1),
and 29.8 i1 dH,0. The resulting PCR product was
purified using the QIAquick PCR purification kit
(Qiagen, Valencia, California). Primers LGL765 and
H15149 (Kocher et al. 1989) were used to cycle se-
quence the first 400 bp of the gene. Cycle sequencing
was conducted using ABI Big Dye version 3.0 ready
reaction mix and samples were analyzed on an ABI
Prism 310 automated sequencer (PE Applied
Biosystems, Foster City, California).

Vector NTI 7.0 software (Informax Inc.,
Bethesda, Maryland) was used to align and proof nucle-
otide sequences. Sequences obtained from the Ecua-
dorian samples were compared to sequences obtained
from GenBank to aid in identification and to determine
the taxonomic position of the Ecuadorian samples rela-
tive to samples collected from other localities. The
aligned data from the Ecuadorian and GenBank
samples were analyzed using PAUP 4.0 Beta 10
{Swofford 2002) for construction of phylogenetic trees
to examine potential evolutionary relationships. The
resultant trees will not be shown as they are beyond
the scope of this study and were used strictly for iden-
tification purposes.

Arlequin 2.0 (Schneider et al. 2000) was used to
estimate haplotype frequency, haplotype diversity, F.
and to calculate an AMOVA for species for which
samples were obtained from both sides of the Rio
Pastaza within the Eastern Andean Corridor. An AMOVA
allows for examination of the distribution of genetic
variation vithin and among populations. By identify-
ing shared haplotypes, or lack thereof, on the north
and south sides of the river it may be possible to ex-
amine what affect the Rio Pastaza is having on gene
flow within the corridor.

SPECIES ACCOUNTS

The following accounts treat 15 species found
in the transition zone between the Andes Mountains
and the Amazon Basin in Ecuador. A total of 128 small
marsupials and rodents were collected equaling 2%
trap success. The following sequence of accounts
and scientific names follow Wilson and Reeder (1993).
Common names follow Wilson and Cole (2000).

ORDER DIDELPHIMORPHIA
Family Didelphidae
Marmosops noctivagus
White-bellied Slender Mouse Opossum

This opossum occurs at low to mid-elevations
on the eastern side of the Andes in the transition zone
between mountainous habitat and Amazonian lowlands
(Tirira 1999). One female was collected (19 July 2001)
from the grounds of the Safari Hosteria. On 20 July
2001, one female and three males were collected in
disturbed habitat near the Safari Hosteria. Two addi-

tional males were collected from the same locality on
23 July 2001 and 29 July 2001, respectively.

Specimens examined (7).—ECUADOR: Pastaza
Province; 5 km N Puyo, Safari Hosteria (TTU 84896-
84898, 84923, 84948, 84994, 85227).

Monodelphis adusta
Sepia Short-tailed Opossum

This species occurs east of the Andes at eleva-
tions below 2000 m (Tirira 1999). One male was col-
lected from the grounds of the Safari Hosteria on 19
July 2001. An additional male was collected on 20
July 2001 from the same locality.

Specimens examined (2).—ECUADOR: Pastaza
Province; 5 km N Puyo, Safari Hosteria (TTU 84865,
84899),
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Specimens examined (12) —ECUADOR: Pastaza
Province; 5 km N Puyo, Safari Hosteria, 9 (TTU 84875,
84900, 84934, 84943, 84959, 85170-85172, 84954);
Ecuador: Pastaza Province; Hacienda Té Zulay, 3 (TTU
85218-85220).

Oecomys bicolor
Bicolored Arboreal Rice Rat

This rat occurs at elevations below 2000 m on
the eastern side of the Andes Mountains (Tirira 1999).
One female was collected near the Safari Hosteria on
20 July 2001, and an additional female was collected
on 29 July 2001 from the same locality.

Specimens examined (2).—ECUADOR: Pastaza
Province; 5 km N Puyo, Safari Hosteria (TTU 84901,
85228).

Oecomys superans
Foothill Arboreal Rice Rat

This species occurs on the eastern side of the
Andes at elevations below 1000 m (Tirira 1999). One
male was collected (20 July 2001) from the grounds
of the Safari Hosteria.

Specimen examined (1).—ECUADOR: Pastaza
Province; 5 km N Puyo, Safari Hosteria (TTU 84945).

Oligoryzomys destructor
Destructive Pygmy Rice Rat

This species is difficult to identify based on avail-
able information in field guides. Identification was
made based on distribution maps (Eisenberg and
Redford 1999) and published measurement data. This
species occurs in high elevations of the Andes through-
out Ecuador (Tirira 1999). Two males were collected
from the lava deposit west of Bafios on 2 August 2001
and 4 August 2001. An additional male was collected
from Runtin on 3 August 2001.

Specimens examined (3).—ECUADOR:
Tungurahua Province; 1.5 km S, 1 km E Bafos,
Runtdn, 1 (TTU 85255); ECUADOR: Tungurahua
Province; 1.5 km S, 3 km W Bafios, Zona de Lahares,
2 (TTU 85248, 85468).

Oligoryzomys microtis
Small-eared Pygmy Rice Rat

This species is difficult to identify based on avail-
able information in field guides. Identification was
made based on distribution maps (Eisenberg and
Redford 1999) and published measurement data. This
species occurs on both sides of the Andes at eleva-
tions below 3000 m. On 19 July 2001, two males and
one female were collected from the grounds and sur-
rounding agricultural fields of the Safari Hosteria. This
locality was trapped on four additional nights (20 July
2001, 21 July 2001, 23 July 2001, and 29 July 2001);
16 males and 12 females were collected. A single male
was collected from the cemetery at Hacienda Té Zulay
on 27 July 2001.

Specimens examined (32).—ECUADOR: Pastaza
Province; 5 km N Puyo, Safari Hosteria, 31 (TTU
84862, 84864, 84874, 84933, 84935, 84939-84942,
84944, 84946-84947, 84949, 84951-84953, 84955,
84958, 84960, 84962, 84978, 85095, 85069, 85097-
85101, 85231-85233); ECUADOR: Pastaza Province;
Hacienda T¢é Zulay, 1 (TTU 85217)

Phyllotis haggardi
Haggard’s Leaf-eared Mouse

This mouse occurs above 2000 m in the Andes
Mountains (Tirira 1999). One female was obtained (4
August 2001) west of Baios on a lava deposit.

Specimen examined (1).—ECUADOR:
Tungurahua Province; 1.5 km S, 3 km W Bafios, Zona
de Lahares (TTU 85469).

Rattus rattus
House Rat

This species is introduced and occurs near hu-
man habitations. One male was collected (19 July
2001) near the dining hall at the Safari Hosteria.

Specimen examined (1).—ECUADOR: Pastaza
Province; 5 km N Puyo, Safari Hosteria (TTU 84932).
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Reithrodontomys mexicanus
Mexican Harvest Mouse

This species occurs in the Andean highlands; its
overall range is from Central America at least into the
middle part of Ecuador. The actual southern extent of
its range is unknown. One male and two females were
collected on 2 August 2001 from Zona de Lahares.
One additional male and three additional females were
collected from this same locality on 4 August 2001.
Two males were collected near Runtin on 3 August
2001 and one male and one female were collected (7
August 2001) in disturbed habitat near Represa Agoyan.
These specimens represent the southern-most known
occurrence for this species. Duke Rodgers at Brigham
Young University is currently studying the systemat-
ics of Reithrodontomys and might designate the south-
ern populations of R. mexicanus, including those in
Ecuador, as one or more undescribed species (Duke
Rodgers, pers. comm.).

Specimens examined (11).—ECUADOR:
Tungurahua Province; 5 km E Baios, Represa Agoyén,
2(TTU 85483-85484); ECUADOR: Tungurahua Prov-
ince; 1.5 km S, 1 km E Bafios, Runtin, 2 (TTU 85254,
35256); ECUADOR: Tungurahua Province; 1.5 km S,
3 km W Barfios, Zona de Lahares, 7 (TTU 85234,
85236, 85247, 85258, 85264, 85270, 85271).

Thomasomys paramorum
Paramo Oldfield Mouse

This species occurs in the Andean highlands
above 2000 m (Tirira 1999). Two males were col-
lected (2 August 2001 and 4 August 2001) from the
lava flow west of Bafios. Three males and one female
were collected (6 August 2001) from an agricultural
field near Represa Agoyan. An additional male was
collected from Runtdn on 3 August 2001.

This species group has been little studied and
specimens are difficult to identify with certainty. Sev-
eral species are known from our study area, including
1. baeops (Castro and Roman 1999; Castro and Rivera
1999), T. caudivarius (Castro and Rivera 1999), T.
erro (Castro and Romdn 1999), T. paramoruin (Castro
and Romdn 1999; Castro and Rivera 1999), and T.
rhoadsi (Castro and Roman 1999). Identification of
the specimens used in this study was based on cyto-
chrome-b data, karyotypes, and measurements.

Specimens examined (7).—ECUADOR:
Tungurahua Province; 4.75 km E Baiios, Represa
Agoydn, 4 (TTU 85477-85480); ECUADOR:
Tungurahua Province; 1.5 km S, | km E Banos,
Runtin, 1 (TTU 85237); ECUADOR: Tungurahua
Province; 1.5 km S, 3 km W Baifios, Zona de Lahares,
2 (TTU 85251, 85260).

RESuLTS AND DISCUSSION

Difficulties trapping in unfamiliar territory.—
Collection of rodents in rainforests is notoriously dif-
ficult due to low trap success (2% in our study) (Reed
1997; p. 21). However, despite setbacks and logis-
tics, this expedition provided educational experiences
and important baseline information pertaining to the
corridor for the Fundacién Natura. Species identifi-
cations were difficult due to the paucity of zoogeo-
graphic and current systematic studies of mammals in
this region; there clearly is a possibility that some
of the specimens collected represent undescribed
or unrecognized species. The specimens of
Reithrodontomys collected (see discussion of
Reithrodontomys in results section) are good examples
where our specimens potentially represent undescribed
species and warrant further study.

Karyotypic data.—Among the 10 species from
the corridor for which chromosomal data was avail-
able (Table 2), five of these species had karyotypes
unlike those reported from other regions of South
America (M. minutus, N. spinosus, O. bicolor, O.
superans, and O. destructor). The significance of chro-
mosomal differences is that geographic variation in
karyotypes is usually indicative of genetic phylogroups,
subspecies, or species. These taxa document genetic
variability that can be interpreted as indicating a unique-
ness of the corridor fauna. The rodent sample is small
relative to the total corridor fauna but the variation
found in the limited sample validates setting the corri-
dor aside as a protected area.
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Molecular genetic data.—Only three species
were collected on both sides of the Rio Pastaza
(A. mollis, M. minutus, and R. mexicanus) within the
Eastern Andean Corridor. Akodon mollis and M.
minutus have an Amazonian origin, whereas R.
mexicanus has a Central American origin.

Twenty-three specimens of Akodon mollis were
collected from four localities. Five haplotypes were
identified, three from the north side of the river and
two from the south side of the river. No haplotypes
were shared between localities on the north and south
sides of the river. Gene diversity was 0.186 on the
north side of the river and 1.000 on the south side of
the river.

Thirteen specimens of Microryzomys minutus
samples were collected from three localities; data from
10 specimens were analyzed using Arlequin. Within
these three localities, nine haplotypes were identified,
six from the north side of the river and three from the
south side of the river. Haplotypes were not shared
between populations on the north and south sides of
the river. Gene diversity was 1.000 for the north side
of the river, as each individual had a unique haplotype,
and 0.833 for the south side of the river.

Eleven R. mexicanus samples were collected
trom three localities. Five haplotypes were identified,
four from the north side of the river and one from the
south side of the river. Again no haplotypes were shared
between the north and south sides of the river. Gene
diversity was 0.694 for individuals on the north side
of the river.

Corridor.—The corridor between Bafos and
Puyo can be divided into three elevational areas as tol-
lows: Amazonian lowland (1000 m and below), Andean
highland (above 2000 m), and the intermediate zone
(1000-2000 m) (Voss 2003). The present study iden-
tified 15 species from two orders. Eight species were
collected in the Amazonian lowland zone, seven in the
Andean highland zone, and none from the intermediate
area between the two zones (Table 3). There was an
obvious dichotomy between the Amazonian and Andean
zones, with species collected in the Amazonian zone
not found in the Andean highland zone, and vice versa.
Species from both regions were expected within the
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intermediate zone, but no specimens were obtained
from this region. Further surveys are needed in these
zones, with emphasis on the intermediate zone.

Comparison of mammals collected during this
survey to mammals collected during other faunal sur-
veys may provide an indication as to which species
may benefit from the protection of the Eastern Andean
Corridor. Thirty-five species were collected from the
area of the corridor (Rageot and Albuja 1994; this
study) and the two national parks (Castro and Rivera
1999; Castro and Roman 2000) (Table 4). Examining
this list of species, patterns of species distribution were
determined. Some species (A. mollis) were collected
in both national parks and the corridor. Other species
(A. aerosus) are found only in one national park and
the corridor, but not in both national parks, suggesting
that there is some barrier restricting these populations
from extending into both national parks. Finally, some
species are found only within the corridor (M. adusta)
or one of the national parks (D. marsupialis). The
distribution of species should provide clues to migra-
tion through the corridor. For example, species found
only within the corridor may be using this area as a
means of dispersing from the Amazonian Basin to higher
elevations, whereas species found only in the national
parks may not be using the corridor for dispersal.
However, further sampling is needed both within the
parks and within the corridor before recommendations
can be made.

Based on karyotypic data, there are four species
(N. spinosus, O. bicolor, O. superans, and O. destruc-
tor) that appear to be unique to this region of Ecuador
(Table 2). Based on genetic data from the three spe-
cies found on both sides of the river, one can hypoth-
esize that the Rio Pastaza is a barrier to gene flow
because no haplotypes where shared between popula-
tions. Nevertheless, additional samples, especially
from the south side of the river, will be required be-
fore we can statistically assess the role of the Rio
Pastaza as a barrier to gene flow. Although cyto-
chrome-b is an excellent marker for species identifi-
cation, it is not the optimal marker for population stud-
ies. If the rodent species occupying the study area are
Holocene arrivals (i.e., in the last 12,000 years), then a
higher resolution genetic marker will be needed to as-
sess the Rio Pastaza as a physical barrier to gene flow.
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Table 3. The capture indices for small nonvolant mammals from the three elevational zones along the Rio Pastaza.
Both the Amazonian Lowlands and the Andean Highlands were sampled for 2800 trap nights each and the Intermediate
Zone was sampled for 1200 trap nights.

Amazonian Lowlands Intermediate Zone Andean Highlands
Oligoryzomys fulvescens (n = 32) 0.0114 -- -~
Neacomys spinosus (n = 12) 0.0043 -- --
Akodon aerosus (n = 10) 0.0036 -- --
Marmosops noctivagus (n = 7) 0.0025 -- --
Monodelphis adusta (n = 2) 0.0007 -- --
Oecomys bicolor (n = 2) 0.0007 -- -~
Rattus rattus (n = 1) 0.0004 -- --
Oecomys superans (n = 1) 0.0004 -- --
Akodon mollis (n = 23) - -- 0.0082
Microrvzomys minutus (n = 13) -- -- 0.0046
Reithrodontomys mexicanus (n = 11) -- -- 0.0039
Thomasomys paramorum (n = 7) -- -- 0.0025
Oligoryzomys destructor (n = 3) -- -- 0.0011
Mus musculus (n = 2) -- - 0.0007
Phyllotis haggardi (n = 1) -- -- 0.0004

Table 4. A list of the small nonvolant mammals recorded from both national parks and the connecting corridor.

Llanganates National Park Corridor, Mera Corridor, Puyo Sangay National Park
(Castro and Roméan 1999) (Rageot and Albuja 1994) to Bafios (Castro and Rivera 1999)
(this study)

Chironectes minimus X X
Didelphis albiventris X

Didelphis marsupialis X
Marmosa murina X

Marmosa sp. X X
Marmosops noctivagus X
Metachirus nudicaudatus X
Monodelphis adusta X
Philander andersoni X
Philander opossum X

Akodon aerosus
Akodon mollis
Microryzomys altissimus
Microryzomys minutus
Mus musculus
Neacomys spinosus X
Oecomys bicolor X
Oecomys superans

Oligoryzomys fulvescens

Oligoryzomys destructor

Oryzomys albigularis X
Orvzomys auriventer X
Oryzomys capito

Orvzomys longicaudatus

Phyllotis haggardi

Rattus rattus

Reithrodontomys mexicanus

Rhipidomys leucodactylus X
Scolomys melanops X
Thomasomys baeops
Thomasomys caudivarius
Thomasomys erro
Thomasomys paramorum
Thomasomys rhoadsi
Thomasomys sp.
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The potential for the river to limit gene flow does not
negate the possibility of a riverine corridor from the
Amazon basin up into the Andes (East-West).

The key element missing in this study is the lack
of specimens from the intermediate zone (Table 3).
Further surveys are needed within the two national
parks and the North-South corridor between the parks,
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especially within the intermediate zone, to determine
the range and usage of the corridor. Additionally, the
aim of this survey was to collect small rodents and
marsupials. Attention was not given to larger mam-
mals and other vertebrates. These organisms need to
be studied to elucidate patterns of distribution, dis-
persal, and gene flow through the corridor.

CONCLUSIONS

Based on the data available, the corridor between
the two parks appears to be segregated by elevation.
This area might serve as a corridor for animals mov-
ing up from the Amazonian Basin into higher eleva-
tions, however, we were unable to collect specimens

within the intermediate zone between high and low
clevations. Specimens from this region may help
clarify the relationships of the dispersal patterns within
the corridor. Further study within the corridor and
the national parks is needed.

ACKNOWLEDGMENTS

This study was funded through a grant by James
E. Sowell. We thank the other members of the field
crew from the 2001 Sowell Expedition for help with
collecting these specimens (Robert J. Baker, Jana L.
Higginbotham, Federico G. Hoftmann, Trashonda
Johnson, and René M. Fonseca). We also thank Vicki
Swier for her help with analysis of karyotypes. Spe-
cial thanks go to Laura Arcos-Teran and Luis A. Coloma
of the Pontificia Universidad Cat6lica del Ecuador for
signing the interinstitutional agreement of scientific

cooperation with Texas Tech University, the Fundacién
Natura based in Quito for allowing us to work within
its project “Design and Identification of an Ecological
Corridor between Llanganates and Sangay National
Parks,” Fuerte Militar Amazonas “IWIA” in Shell
(Pastaza Province), and the farmers from Rio Negro,
Colonia La Azuay and La Estancia for allowing us to
conduct field research on their surrounding proper-
ties. The Ministerio del Ambiente in Ecuador provided
permits for collecting specimens.

LireraTurE CITED

Allard, M. W., D. L. Ellsworth, and R. L. Honeycutt. 1991.
The production of single-stranded DNA suitable for se-
quencing using the polymerase chain reaction.
BioTechniques 10:24-26.

Andrades-Miranda, J.. L. F. B. Oliveira, N. L. T. Zanchin, and
M. S. Mattevi. 2001. Chromosomal description of the
rodent genera Oecomys and Nectomys from Brazil. Acta
Theriologica 46:269-278.

Animal Care and Use Committee. 1998. Guidelines for the
capture, handling, and care of mammals as approved by
the American Society of Mammalogists. Journal of Mam-
malogy 79:1416-1431.

Aniskin, V. M., and V. T. Volobouev. 1999. Comparative chro-
mosome banding of two South-American species of rice
rats of the genus Oligoryzomys (Rodentia, Sigmodontinae).
Chromosome Research 7:557-562.

Baker, R. J. 2005. If you don’t clean up your act, you'll end up
at Texas Tech. Pp. 245-261 in Going Afield (C. J. Phillips
and C. Jones, eds.). Museum of Texas Tech University,
Lubbock.

Baker, R. J., M. Hamilton, and D. A. Parish. 2003. Prepara-
tions of mammalian karyotypes under field conditions.
Occasional Papers, Museum of Texas Tech University
228:1-8.



14 OccastONAL PAPERS, MUSEUM OF TEXAS TECH UNIVERSITY

Beier, P, and R. F. Noss. 1998. Do habitat corridors provide
connectivity? Conservation Biology 12:1241-1252.

Belchior de Andrade, A. F., and C. Rodrigues Bonvicino. 2003.
A new karyological variant of Oecomys (Rodentia:
Sigmodontinae) and its phylogenetic relationship based
on molecular data. Genome 46:195-203.

Bently, J. M., C. P. Catterall, and G. C. Smith. 2000. Effects of
fragmentation of araucarian vine forest on small mammal
communities. Conservation Biology 14:1075-1087.

Bianchi, N. O, and S. Merani. 1984. Cytogenentics of South
American akodont rodents (Cricetidae). X. Karyological
distances at generic and intergeneric levels. Journal of
Mammalogy 65:206-219.

Carleton, M. D., and P. Myers. 1979. Karyotypes of some
harvest mice, genus Reithrodontomys. Journal of Mam-
malogy 60:307-313.

Castro, 1., and M. J. Rivera. 1999. Inventario de fauna (Aves y
Mamiferos) del Parque Nacional Sangay. Informe Técnico
Preliminar, Museo Ecuatoriano de Ciencias Naturales,
Quito.

Castro, 1., and H. Romdn. 2000. Evaluacién ecoldgica rapida de
la mastofauna en el Parque Nacional Llanganates. Pp.
129-147 in Biodiversidad en el Parque Nacional
Llanganates: un reporte de las evaluaciones ecoldgicas y
socioecondmicas rdpidas (Vazquez, M. A., M. Larrea,
and L. Suarez, eds.). Ecociencia. Ministerio del Ambiente,
Museo Ecuatoriano de Ciencias Naturales, Herbario
Nacional del Ecuador, Instituto Internacional de
Reconstruccién Rural, Quito, Ecuador.

Collinge, S. K. 2000. Effects of grassland fragmentation on
insect species loss, colonization, and movement patterns.
Ecology 81:2211-2226.

Davis-Born. R., and J. O. Wolff. 2000. Age- and sex-specific
responses of the gray-tailed vole, Microtus canicaudus,
to connected and unconnected habitat patches. Canadian
Journal of Zoology 78:864-870.

Downes, S.J., K. A. Handasyde, and M. A. Elgar. 1997. Varia-
tion in the use of corridors by introduced and native ro-

dents in south-eastern Australia. Biological Conserva-
tion 82:379-383.

Eisenberg, J. F, and K. H. Redford. 1999. Mammals of the
Neotropics. Vol. 3. The central Neotropics: Ecuador, Peru,
Bolivia, Brazil. University of Chicago Press, Chicago,
Iilinois.

Fonseca, R., and J. P. Carrera. 2002. Evaluacién y anélisis para
laidentificacion de un corredor ecoldgico entre los Parques
Nacionales Llanganates y Sangay: una prueba de hipotesis
con mamiferos. Pp. 6-46 en Corredor Ecoldgico entre los
Parques Nacionales Llanganates y Sangay: Un informe de
Estudios Biol6gicos y Sociales (Viteri, ed.). Fundacién

Natura, Fondo Mundial para la Naturaleza, Quito, Ecua-
dor,

Fonseca, R. M., J. P. Carrera-E, T. Enriquez, D. O. Lasso, C. M.
Pinto, J. S. Tello, J. Novoa, and X. Viteri. 2003.
Identificacién preliminar de un corredor ecolégico para
mamiferos entre los Parques Nacionales Llanganates y
Sangay. Revistade la Pontificia Universidad Catolica del
Ecuador 71:201-216.

Gardner, A. L., and J. L. Patton. 1976. Karyotypic variation in
oryzomyine rodents (Cricetinae) with comments on chro-
mosomal evolution in the neotropical cricetine complex.
Occasional Papers of the Museum of Zoology, Louisiana
State University 49:1-48.

Gilbert, F., A. Gonzalez, and 1. Evans-Freke. 1998. Corridors
maintain species richness in the fragmented landscapes of
a microecosystenmi. Proceeding of the Royal Society of
London 265:577-582.

Haddad. N. 2000. Corridor length and patch colonization by a
butterfly., Junonia coenia. Conservation Biology 14:738-
745.

Harrison, D. J., and T. G. Chapin. 1998. Extent and connectiv-
ity of habitat for wolves in eastern North America. Wild-
life Society Bulletin 26:767-775.

Hess, G. 1994. Conservation corridors and contagious disease:
a cautionary note. Conservation Biology 8:256-262.

Hooper, E. T. 1952. A systematic review of the harvest mice
(Genus Reithrodontomys) of Latin America. Miscella-
neous Publications, Museum of Zoology, University of
Michigan 77:1-255.

Irwin, D. M. T. D. Kocher, and A. C. Wilson. 1991. Evolution
of the cytochrome-/ gene of mammals. Journal of Mo-
lecular Evolution 32:128-144.

James, A. R. C., and A. K. Stuart-Smith. 2000. Distribution of
caribou and wolves in relation to linear corridors. Journal
of Wildlife Management 64:154-159.

Jones. C., W. J. McShea, M. J. Conroy, and T. H. Kunz. 1996.
Capturing mammals. Pp. [15-155 in Measuring and
monitoring biological diversity: standard methods for
mammals (Wilson, D. E.. F. R. Cole, J. D. Nichols, R.
Rudran, and M. S. Foster. eds.). Smithsonian Institution
Press, Washington, D. C.

Kiblisky, P. 1969. The chromosomes of two species of the
genus Oryzomys (Rodentia-Cricetidae). Experientia
25:1338-1339.

Kocher, T. D., W. K. Thomas. A. Meyer. S. V. Edwards, S.
Paabo. F. X. Villablanca. and A. C. Wilson. 1989. Dy-
namics of mitochondrial DNA sequence evolution in ani-
mals. Proceedings of the National Academy of Sciences
86:6196-6200.

Laurance. S. G, and W. F. Laurance. 1999. Tropical wildlife
corridors: use of linear rainforest remnants by arboreal
mammals. Biological Conservation 91:231-239.



HAYNIE ET AL.— SMALL MAMMALS IN ECUADOR

Lobato, L. G. Cantos, B. Araujo, N. O. Bianchi, and S. Merani.
1982. Cytogenetics of the South American Akodont ro-
dents (Cricetidae) X. Akodon mollis: a species with XY
females and B chromosomes. Genetica 57:199-205.

Perault, D. R., and M. V. Lomolino. 2000. Corridors and mam-
mal community structure across a fragmented. old-growth
forest landscape. Ecological Monographs 70:401-422.

Phillips, C.J. 2005. Ken Ward in the jungle: making scientific
sense of field work. Pp. 85-128 in Going Afield (C. J.
Phillips and C. Jones, eds.). Museum of Texas Tech
University, Lubbock.

Rageot, R., and L. Albuja. 1994. Mamiferos de un sector de la
alta amazonia Ecuatoriana: Mera, Provincia de Pastaza.
Politécnica 19:166-208.

Reed, F. A. 1997. A field guide to the mammals of Central
America and Southeast Mexico. Oxford University Press,
New York.

Saiki, R. K., D. H. Gelfand, S. Stoffel, S. J. Scharf, R. Higuchi, G.
T. Horn, K. B. Mullis. and H. A. Erlich. 1988. Primer
directed enzymatic amplification of DNA with a thermo-
stable DNA polymerase. Science 239:487-491.

Schneider, S., D. Roessli, and L. Excoffier. 2000. Arlequin ver
2.000: A software for population genetics data analysis.
Genetics and Biometry Laboratory. University of Geneva,
Switzerland.

Shkedy. Y., and D. Saltz. 2000. Characterizing core and corridor
use by Nubian ibex in the Negrev Desert, Israel. Conser-
vation Biology 14:200-206.

Addresses of authors:

Address for L. Rex McAliley, Clyde Jones, and
Carleton J. Phillips:

Department of Biological Sciences
Texas Tech University

Lubbock, TX 79409-3131

LRM e-mail: rex.mcaliley@ttu.edu
CJ e-mail: cjmajones@aol.com
CJP e-mail: carl.phillips@ttu.edu

Current Address for Michelle L. Haynie:

Smithsonian Institution

National Museum of Natural History
National Zoological Park

Genetics Program

3001 Connecticut Avenue, NW
Washington, DC 20008-0551
e-mail: havniem@si.edu

15

Sieving, K. E., M. E. Wilson, and T. L. De Santo. 2000. Defining
corridor functions for endemic birds in fragmented south-
temperate rainforest. Conservation Biology 14:1120-
1132.

Swofford, D. L. 2002. PAUP: Phylogenetic Analysis Using
Parsimony, Version 4Beta 10. Sinauer Associates,
Sunderland, Massachusetts.

Tirira, D. S. 1999. Mamiferos del Ecuador. Museo de Zoologia.
Centro de Biodiversidad y Ambiente. Pontificia
Universidad Catdlica del Ecuador / Sociedad para la
Investigacion y Monitoreo de la Biodiversidad Ecuatoriana
(SIMBIOE). Publicacién Especial 2. Quito, Ecuador.

Voss, R. S. 2003. A new species of Thomasomys (Rodentia:
Muridae) from eastern Ecuador, with remarks on mam-
malian diversity and biogeography in the Cordillera Ori-
ental. American Museum Novitates 3421:1-47.

Ward, J. V., K. Tockner, D. B. Arscott, and C. Claret. 2002.
Riverine landscape diversity. Freshwater Biology 47:517-
539.

Wilson, D. E., and D. M. Reeder (eds.). 1993. Mammal species
of the World: a taxonomic and geographic reference.
Smithsonian Institution Press, Washington, D.C.

Wilson, D. E., and F. R. Cole. 2000. Common names of mam-
mals of the World. Smithsonian Institution Press, Wash-
ington, D.C.

Current Address for Joel G. Brant:

Department of Biology
McMurry University

McM Box 368

Abilene, TX 79697

e-mail: brant.joel @mem.edu

Current Address for Marcia A. Revelez:

Sam Noble Oklahoma Museum of Natural History
University of Oklahoma

Norman, OK 73072-7029

e-mail: mrevelez@ ou.edu



16 OccasioNaL PapeErs, MuseuM OF TExas TEcH UNIVERSITY

Current Address for Deidre A. Parish: Address for Xavier Viteri:
Department of Epidemiology Fundacion Natura

University of Texas M.D. Anderson Cancer Center Av. Reptiblica 481 y Almagro
1515 Holcombe Blvd #189 Casilla postal 17-01-253
Houston, TX 77030 Quito, Ecuador

e-mail: dparish@mdanderson.org e-mail: xviteri@fnatura.org.ec

Address for Juan Pablo Carrera:

Natural Science Research Laboratory
The Museum

Texas Tech University

Lubbock, TX 79409-3191

e-mail: jpce @hotmail.com



PuBLIcATIONS OF THE MuseuM OF TExAas TECH UNIVERSITY

Institutional subscriptions are available through the Museum of Texas Tech University, attn. NSRL
Publications Secretary, Box 43191, Lubbock, TX 79409-3191. Individuals may also purchase
separate numbers of the Occasional Papers directly from the Museum of Texas Tech University.

Layout and Design: Jacqueline B. Chavez
Cover Design: Lynda Richardson
Copyright 2006, Museum of Texas Tech University

All rights reserved. No portion of this book may be reproduced in any form or by any means,
including electronic storage and retrieval systems, except by explicit, prior written permission
of the publisher.

This book was set in Times New Roman and printed on acid-free paper that meets the guidelines
for permanence and durability of the Committee on Production Guidelines for Book Longevity of

the Council on Library Resources.

Printed: 11 December 2006

Library of Congress Cataloging-in-Publication Data
Occasional Papers, Number 263
Series Editor: Robert J. Baker

INVESTIGATIONS IN A NATURAL CorRIDOR BETWEEN Two NATIONAL PARKS IN CENTRAL ECUADOR: RESULTS FROM THE
SoweLL ExpepiTioN, 2001

Michelle L. Haynie, Joel G. Brant, L. Rex McAliley, Juan Pablo Carrera, Marcia A. Revelez,
Deidre A. Parish, Xavier Viteri, Clyde Jones, and Carleton J. Phillips

ISSN 0149-175X

Museum of Texas Tech University
Lubbock, TX 79409-3191 USA
(806)742-2442

The Museum of Texas Tech University has a catalog of Occasional Papers which may be viewed online at
www.nsrlttu.edu. To do so, you must have Adobe Acrobat® installed on your computer. If you do not have
Adobe Acrobat®, please visit http://www.adobe.com/products/acrobat/readermain.html. If' you are still experi-
encing difficulty downloading Occasional Papers, please contact the Webmaster. If there is continued difficulty,
contact the Webmaster and a single hard copy can be provided to you via mail at no charge.







