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ABSTRACT. A new species of titi monkey, Callicebus, is described based on five
specimens obtained from the state of Sergipe, north-eastern Brazil. It is a member of
the Personatus group, but is easily distinguished from the other forms. The most
noticeable differences are in the pelage coloration, the forehead, crown, and ear being
black, and having a zebra-like, striped pattern on the anterior half of the back. Distinct
features of its dental morphology and craniometry are also described.

KEY WORDS. Callicebus, Cebidae, new species, Personatus group, north-eastern
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The genus Callicebus Thomas, 1903 (Cebidae) occurs in forested areas of
tropical South America, in the Amazon and the Atlantic forest of Brazil. The most
recent taxonomic revision of the titi monkeys was carried out by HERSHKOVITZ
(1990) who recognised 13 species and 17 species and subspecies, although his
arrangement, has not received widespread acceptance by other researchers (e.g.
REDFORD & EISENBERG 1992). KOBAYASHI (1995) classified the forms of Callice-
bus into five phyletic species groups: Donacophilus, Cupreus, Moloch, Torquatus
and Personatus. In this paper the group names are in the sense of this author. The
Personatus group includes four different forms (personatus E. Geoffroy, 1812,
nigrifrons Spix, 1823, barbarabrownae Hershkovitz 1990, and melanochir Wied-
Neuwied, 1820) which occur in the Atlantic forest in eastern and south-eastern
Brazil (Fig. 3). The titi monkeys comprising the Personatus group are classified as
subspecies by HERSHKOVITZ (1988, 1990) but here it is argued that they should be
considered distinct species (see Discussion), and refer to them as such in this article.

During an expedition in 1994 in the state of Sergipe, north-eastern Brazil,
two dead titi-monkeys were obtained from a native hunter in the Fazenda Santana.
These showed a pelage coloration quite different from that of the four forms of
personatus recognised at the time, and, on further examination, some distinct
features of their dental morphology were also found. Two more specimens were
obtained in 1995, in the hands of another native hunter at the Fazenda Arauari,
Sergipe, and later a fifth specimen was studied in the collection of the Museu
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Nacional, Rio de Janeiro, collected at the Fazenda Cruzeiro, Sergipe. Multivariate
analysis revealed that the craniometric differences of this titi were of a degree which
corresponded to those found in other forms of Callicebus ranked as species in the
other phyletic groups of KOBAYASHI (1995). This new species is described below.

MATERIAL AND METHODS

The five specimens of the new species were all female, no males are
available. They were compared directly with the forms of the Personatus (C.
personatus, C. nigrifrons, C. melanochir and C. barbarabrownae) and Moloch (C.
brunneus Wagner, 1842, C. hoffmannsi hoffmannsi Thomas, 1908, C. h. baptista
Lonnberg, 1939, C. moloch Hoffmannsegg, 1807 and C. cinerascens Spix, 1823),
groups following KOBAYASHI (1995). Only a skin was available for C. bar-
barabrownae. Comparisons were also made with other species based on descrip-
tions from the literature.

The following external measurements were taken: body weight (BW), head
and body length (H&B), tail length (T), hind foot length, with and without claw
(HF), and ear length (E). Non-metric characters of dental morphology used for
comparison included: the position of cusps on the upper second i mc1sor (l ); the
morphology of the metaloph on the upper first (M ) and second (M ) molars; the
frequency of appearance of the paraconule on M and M2 and the angle of the cristid
obliqua on the lower first (M1) and second (M2) molars. Skull measurements used
in multivariate analyses are shown in figure 1, measuring points followed MARTIN
& SALLER (1957) and KOBAYASHI (1995). However, in figure | of KOBAYASHI
(1995) measurements Nos. 5 and 22 were replaced by Nos. 6 and 23 and vice versa.
These 23 linear measurements were taken with a digital caliper (15 cm NSK
MAX-cal model), and were recorded to the nearest 1/100 mm. The data set for each
form was comprised of combined measurements of males and females because there
are no appreciable differences between the sexes at comparable ages (KOBAYASHI
1995). Two analytical procedures, distance analysis by Q-mode correlation coeffi-
cients and principal component analysis, were applied in order to examine the degree
of cranial differentiation. Clustering, using the furthest neighbours method was
performed for the distance matrix, converted from the similarity matrix of the
Q-mode correlation coefficients. Clustering is one of the most powerful methods
for determining morphometric distances among various forms without loss of
information (SNEATH & SOKAL 1973). After clustering, ordination by the quantifi-
cation theory model 4 was employed for the distance matrix, valuable for under-
standing the data structure in more detail (SNEATH & SOKAL 1973). Pooled
correlation coefficients of the variables were used in the principal component
analysis. Specimens with missing measurements could not be used because this
statistical technique requires a complete data set. Three-dimensional scatter dia-
grams were drawn based on the mean scores of the first, second, and third principal
components. The analyses were carried out after confirmation of probable normality
and homoscedasticity in C. moloch and C. personatus (these two forms were chosen
as representatives due to their relatively good sample sizes).
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Fig. 1. Skull measurements used in this study. For the definition of the measuring points see
KoBAYAsHI (1995).
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The specimens examined are deposited in the following mammal collections:
Museu Nacional, Rio de Janeiro (MN); Departamento de Sistematica e Ecologia,
Universidade Federal da Paraiba, Jodo Pessoa (UFPB); Museu de Zoologia, Uni-
versidade de Sdo Paulo, Sao Paulo (MZUSP); National Museum of Natural History,
Washington D.C. (USNM); American Museum of Natural History, New York
(AMNH); Field Museum of Natural History, Chicago (FMNH); Departamento de
Zoologia, Universidade de Brasilia (UNB).

Callicebus coimbrai sp.n.
Figs 3-6

Holotype

UFPB 1599 (Original No. AL 3516). Adult female, stuffed skin, complete
skeleton. Nasal, right side of parietal, temporal, occipital, zygomatic, sphenoid
bones and coronoid process slightly damaged. Obtained from a native hunter by
Shuji Kobayashi and Alfredo Langguth on January 30, 1994.

Type-locality. Proximity of the small village Aragdo, in the region of Santana
dos Frades about 11.0 km SW of Pacatuba, state of Sergipe, Brazil (GPS 10°32’S,
36°41°W, alt. 90 m). The locality is south of the estuary of the Rio S&o Francisco.

Paratypes

UFPB 1600 (Orig. No. AL 3517). Young adult female, stuffed skin, com-
plete skeleton frontal and both parietal bones damaged; same locality and date as
UFPB 1599. This specimen will be deposited in the Natural History Museum of
Kyoto University, Japan. UFPB 1859 (Orig. No. AL 3586), adult female, stuffed
skin, complete skeleton, obtained from a native hunter by Shuji Kobayashi and
Alfredo Langguth on January 23, 1995 at Fazenda Arauari, about 10 km ESE of
Maruim, some large forest patches surrounding a transmission tower of the Brazilian
Communications Company — Embratel — on the road to Porto de Sergipe, state of
Sergipe, Brazil (GPS 10°45°S, 37°00°W, alt. 75 m). UFPB 1860 (Orig. No. AL
3587), adult female, stuffed skin, complete skeleton, right nasal, frontal, left
lachrymal, left ethmoid, maxillas and right sphenetmoid bones slightly damaged;
same locality and date as UFPB 1859. MN 30550 (Orig. No. AL 3078), adult female,
stuffed skin, complete skeleton, obtained from a native hunter during field work of
the project “Inventario Faunistico da Mata Atlantica” (1992-1995) co-ordinated by
the Fundagdo Biodiversitas (Belo Horizonte), and financed by the John D. and
Catherine T. MacArthur Foundation (Chicago), at Fazenda Cruzeiro, about 13 km
SSE of Cristinapolis, on the left margin of the Rio Real, state of Sergipe, Brazil
(about 11°29°S, 37°46°W, alt. ¢. 100 m).

Geographic distribution

This new titi monkey is known from the three localities listed above, between
the Rio Sdo Francisco and the Rio Real which marks the southern border of the state
of Sergipe. It is probably restricted to the south of the Rio Sdo Francisco, but the
southern limit to its range is unknown. Titis have been reported near the right bank
ofthe Rio Real in the south. OLIVER & SANTOS (1991), for example, obtained reports
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of titi monkeys from the vicinities of Cachoeira do Abadia and Jandaira, on the south
bank of the Rio Real, in the north-east of the state of Bahia. The western limit of
the distribution is also unknown. C. coimbrai is a true inhabitant of the Atlantic
coastal forest, and it is believed that its range does not extend west to the highlands
inland where the vegetation is drier and characterised by caatinga — thorn scrub,
deciduous forest and gallery forest (RizzINI et al. 1988). Titis occurring there are
probably referable to the form barbarabrownae (Fig. 2).

Formosa
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.

Fig. 2. Geographic distribution of members of the Callicebus personatus group, following Kinzey
(1982), HersHkoviTz (1990) and this study.
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Habitat

In common with other masked titis, C. coimbrai is apparently abundant in
the dense understorey and lower canopy.

Diagnosis

A titi of the Personatus group (sensu KOBAYASHI 1995), but quite easy to
distinguish from the other members of the group by the black forehead, crown and
ear and the buffy trunk. The metaloph on the upper first and second molars is
fragmented, and takes the form of two conical conules instead of a continuous crest.

Etymology

The species is named in honour of Adelmar F. Coimbra-Filho, founder and
ex-Director of the Rio de Janeiro Primate Centre (CPRI/FEEMA), in recognition
of his research and valuable contributions to the biology and conservation of
Brazilian primates.
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Fig. 3. (A) Fresh specimen of C. coimbrai, holotype; (B) dorsal view of stuffed skins, from top
to bottom: Callicebus coimbrai holotype, Callicebus melanochir (UFPB 2217), Callicebus

personatus (UFPB 412), Callicebus nigrifrons (UFPB 2224).
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Description of the holotype

Pelage. Forehead, crown, and ear black (a few bufty hairs on the forehead)
and well demarcated from the other parts of the body; hairs on posterior crown
whitish, the fine tips blackish, bases dark; nape also whitish, the fine tips of hairs
blackish, bases dark (eumelanin) (Figs 3, 4b), cheeks dominantly blackish, but with
some hair tips buffy, remainder of shaft black; the side of the cheek has a buffy
vertical stripe (Fig. 4a); shoulders, upper arms, forearms, thighs and legs buffy, the
fine tips of hairs blackish with subterminal pheomelanin band followed by a
eumelanin band and another pheomelanin band, hair bases eumelanin; anterior back
of trunk buffy with faint black zebra-like stripes (Fig. 3), hair band pattern same as
the sides of the trunk; sides of trunk paler buffy, the hair tips blackish with three
nheomelanin bands, hair bases eumelanin; posterior part of trunk brownish buffy,
banding pattern of hairs same as the shoulders but some of the pheomelanin bands
more pigmented (Figs 3, 4b); chest, throat and belly paler buffy, the fine tip of the
hairs blackish with two pheomelanin bands, hair bases eumelanin; hands, wrists,
ankles and feet blackish; tail dominantly orange, the hairs orange in outer half and
brown in inner half; all underfur eumelanin coloured; skin of face, ear, palm and
sole blackish.

Skull. Skull morphology is similar in general appearance to that of other
members of the Personatus group (Fig. 5); overall size is comparatively small;
pterygoid processes vestigial; parapterygoid processes rectangular and well devel-
oped; frontal bone behind supraorbital ridges depressed; frontal sinus in glabella
comparatively little pneumatized; interorbital septum wide, not perforated; infraor-
bital fissure anteroposteriorly long; mesopterygoid fossa more nearly Q-shaped than
U-shaped; small caudal projections present on the free border near the sagittal suture
of palatines; lower part of temporozygomatic suture ventrally projected; bullae also
ventrally projected; two infraorbital foramina on left and one on right sides;
mandibular height lower; coronoid process elongate, hook-like and extends well
above the condylar process. Measurements are shown in table I.

Teeth. All teeth considerably worn; tooth rows are similar to those of the
other members of the Personatus group, more nearly V-shaped than U-shaped (Figs
5, 6d) diastema between I and upper canine very small; no diastema in lower tooth
row; I' with conule on lingual cingulum; cusp of I located distally (Fig. 6a); buccal
cingulum on second premolar (P2) vestigial but present on mesial and distal
extremity, lingual cingulum worn and not recognisable; buccal and lingual cingula
on third (P3) and fourth (P4) premolars present; on M! stylar cusps on buccal
cingulum present, metaloph dented in distobuccal, middle and mesiolingual parts,
paraconule (sensu KOBAYASHI 1995) present, distal extremity of lingual cingulum
connected to hypocone extending around its distolingual slope (same as type 1 of
KOBAYASHI 1990), prehypocrista not connected to the metaloph but to the postpro-
tocrista; on M one stylar cusp present, metaloph and lingual cingulum same as M ';
cristid obliqua on M| and M2 shapely curved inward (Fig. 6a,c).

Variation
Pelage. In UFPB Nos. 1859 and 1860 the whitish cheek bands are wider, and
the zebra-like pattern of anterior back is rather less distinct (Figs 3, 4b); in MN
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Fig. 4. (A) Head of fresh specimen of C. coimbrai (UFPB 1859); (B) dorsal view of fresh
specimen of C. coimbrai (UFPB 1860).
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Fig. 5. Dorsal, ventral, and lateral views of skulland mandible of Callicebus coimbrai (holotype).

30550, the zebra-like pattern is not clear on the anterior third of the back and the
brownish colour on the posterior part of the back extends forwards occupying
one-third of the trunk.

Skull. Variation in the measurements of the type specimens is shown in table
I. In UFPB 1600 the pterygoid processes are finely shaped, but in MN 30550 the
pterygoid processes are comparatively more developed and the parapterygoid
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processes more nearly triangular than rectangular, a fine projection is present on
posteroventral edge; the mesopterygoid fossa is nearly U-shaped; in this specimen
the infraorbital fissure is expanded anterolaterally. The specimen UFPB 1599 has
two infraorbital foramina on the left side and one on the right but the remainder
have two on the right side and one on the left side.

Table |. External and cranial measurements (mm) of Callicebus coimbrai. See figure 1 for
explanation of skull measurements.

External measurements

SpecimenNo.  UFPB 1599  UFPB 1600 MN30550 UFPB 1859  UFPB 1860 Average
Body weight (Kg) 1.21 1.03 1.20 1.15 1.30 1.20
Total length 814.0 804.0 844.0 823.0 800.0 8202
Tail 467.0 461.0 484.0 4710 453.0 468.7
Ear 34.0 34.0 320 320 32,0 325
Hind foot s-c/u 91.0-92.0 98.0-99.0 101.0 99.0-100.0 95.0-97.0 96.8-97.0

Skull measurements

Measurementno.  UFPB 1599 UFPB 1600 MN30550 UFPB 1859 UFPB 1860 Average
1 - 11.01 10.23 10.34 11.30 10.62
2 - 12.12 11.62 11.48 11.98 11.69
3 23.29 22.04 21.52 21.68 23.06 22.39
4 6.35 5.48 6.82 5.46 6.04 6.17
5 3363 32.96 35.55 3343 35.12 34.43
6 29.38 27.52 30.64 30.38 29.27 29.92
7 13.34 12.38 13.65 12.00 13.43 13.11
8 15.69 14.96 14.84 16.89 16.44 15.97
9 38.95 35.77 38.56 37.40 39.74 38.66

10 43.01 39.62 40.21 40.43 4362 41.82
1 3220 29.86 33.04 3234 3375 32.83
12 3462 3291 35.66 35.40 36.26 35.49
13 49.66 47.55 50.57 48.93 51.05 50.05
14 30.07 29.48 3211 30.85 3143 31.12
15 26.27 27.38 26.09 29.20 27.92 27.38
16 65.20 63.26 68.25 64.78 65.45 65.92
17 3265 3163 32.93 33.50 32.44 32.88
18 34.62 32.07 33.22 31.28 34.00 33.28
19 35.42 33.01 33.99 32.49 33.67 33.89
20 38.11 35.80 37.58 37.39 39.73 38.20
21 42.55 40.35 4403 41.66 43.16 42.85
22 12.61 11.97 11.24 11.74 11.96 11.89
23 36.57 33.99 37.82 36.07 38.52 37.25

Teeth. (Fig. 6) Specimens UFPB 1600, 1859 and MN 30550 have relatively
unworn teeth except on the lingual side of the upper and lower premolars; UFPB
1860 is excessively worn, it being almost impossible to recognise the occlusal
pattern of all teeth; the dlastema between I' and I? in MN 30550 is conspicuous and
larger than that between I? and C; the middle cusplet of the metaloph on M!
obscure in UFPB 1859, is prOJected in MN 30550, and absent in UFPB 1600 (Fxg
6); the buccal cingulum on M'is developed in UFPB 1600, 1859 and MN 30550,
and several stylar cusps are found on it; the lingual cingulum of M' in UFPB 1600
extends distally and connects to the posthypocrista without connecting to the
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Fig. 6. Teeth of Callicebus coimbrai. (A) Left M1'2, and 2 (holotype); (B) Left M1.3 (holotype);
(C) Left upper tooth row (UFPB 1600).
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hypocone (as in type 2 of KOBAYASHI 1990); on M? the dent on the middle part of
metaloph is clearly seen in UFPB 1600, 1859 and MN 30550, and particularly in
UFPB 1600 where the metaloph is transformed into two independent conules (Fig.
6¢); the buccal cingulum on M? s less developed in MN 30550 and the lingual
cingulum on this molar is of the type 1 of KOBAYASHI (1990).

Comparison with other titi species

Size. Average body weight of five C. coimbrai females, is 1.22 kg. It is
clearly larger than some members of the Donacophilus group (C. donacophilus
donacophilus = 0.8 kg), The Personatus group (C. cupreus cupreus = 1.106 kg, C.
c. discolor=0.845-1.075 kg, C. c. ornatus=1.163-1.178), Moloch group (C. moloch
female = 0.877 kg, C. brunneus = 0.875), but smaller than other members of the
Personatus and Torquatus groups (C. personatus male = 1.270 kg, female = 1.378
kg, C. torquatus medemi female = 1.3 1 kg) (HERSHKOVITZ 1990). Cranial measure-
ments (Tab. IT) also indicate that the skull of C. coimbrai is slightly smaller than
other members of the Personatus group but larger than that of other groups.

Table Il. Basic statistical values for comparison of cranial measurements in nine different
species of Callicebus. See figure 1 for explanation of skull measurements.

Measurement no. 1 Measurement no. 2 Measurement no. 3
Species
N Mean S.D. Min. Max. N Mean S.D. Min. Max. N Mean S.D. Min. Max.
C. brunneus 45 860 1.13 6.14 10.83 45 11.89 0.97 875 13.26 46 20.42 1.32 17.90 22.88
C. h. hoffmannsi 51 742 112 558 1022 51 11.78 0.68 10.28 12.96 51 1960 1.27 16.84 22.04
C. h. baptista 28 7.38 1.09 4.73 1052 28 12.00 1.13 6.71 14.66 28 19.04 1.06 17.09 20.59
C. moloch 74 740 101 570 852 75 12.50 0.87 10.98 13.59 74 19.34 1.14 16.71 22.53
C.cinerascens 7 949 119 6.27 1166 7 11.82 1.07 10.08 14.07 7 1965 1.29 16.92 20.77
C.personatus 41 1043 145 7.41 1325 41 13.20 1.07 10.59 15.34 42 2317 1.92 18.73 26.73
C. nigrifrons 28 963 095 8.04 1163 28 12.63 0.98 10.12 14.81 28 21.89 1.15 18.64 24.77
C. melanochir 2 760 6.68 852 2 1470 - 1468 14.71 22188 - 21.16 22.50
C. coimbrai 3 10.62 059 10.23 11.30 3 1169 0.26 11.48 11.98 4 2339 0.92 21.52 23.29
Measurement no. 4 Measurement no. 5 Measurement no. 6
Species
N Mean S.D. Min. Max. N Mean S.D. Min. Max. N Mean S.D. Min. Max.
C. brunneus 46 520 062 3.58 6.90 47 30.50 1.19 28.52 33.29 47 26.10 1.43 23.23 28.41
C. h. hoffmannsi 51 550 0.71 380 7.16 52 32.99 1.27 30.31 36.12 52 26.52 1.59 23.38 31.47
C. h. baptista 28 591 065 4.06 695 28 32.93 1.26 30.66 3514 28 2566 1.20 23.07 27.94
C. moloch 76 544 058 445 679 76 32.17 1.65 27.96 38.16 76 26.96 1.89 23.51 32.49
C.cinerascens 7 526 033 474 577 7 32.57 0.89 31.73 34.26 7 28.16 1.97 25.56 31.04
C.personatus 43 551 062 399 669 43 35.88 1.89 32.45 40.02 43 31.82 1.98 27.14 37.85
C. nigrifrons 28 549 064 4.11 7.04 28 3496 1.53 31.84 37.74 28 3048 1.52 27.50 33.94
C. melanochir 2 648 - 646 649 2 3549 - 3548 3550 2 3300 - 3255 3345
C. coimbrai 4 617 057 546 6.82 4 3443 1.06 3343 3555 4 29.92 0.69 29.38 30.64
Measurement no. 7 Measurement no. 8 Measurement no. 9
Species
N Mean SD. Min. Max. N Mean SD. Min. Max. N Mean S.D. Min. Max.
C. brunneus 47 12.74 0.77 10.75 14.55 47 13.10 1.07 10.75 15.27 47 3555 1.19 32.90 37.43
C. h. hoffmannsi 52 13.31 1.01 11.17 1515 52 12.59 1.00 10.71 15.90 52 36.98 1.35 34.41 39.98
C. h. baptista 28 13.85 0.83 12.59 15.17 28 12.95 0.91 11.51 1515 28 37.09 0.95 35.40 38.90
C. moloch 76 12.47 1.07 9.07 15.04 76 13.45 0.86 10.84 15.20 76 36.24 1.43 29.81 39.65
C.cinerascens 7 12.45 061 11.54 13.37 7 13.88 1.31 1277 1592 7 3658 1.01 34.80 37.44
C.personatus 43 12.63 0.94 10.80 15.00 43 1547 1.23 12.82 17.81 43 40.07 1.56 36.79 43.60
C. nigrifrons 28 11.33 1.12 9.64 14.40 28 14.05 1.04 1247 1594 28 3819 1.30 35.83 40.24
C. melanochir 2 1146 - 1079 1212 2 1599 - 1479 17.18 2 3978 - 3945 40.11
C. coimbrai 4 1311 0.75 12.00 13.65 4 1597 0.90 14.84 16.89 4 3866 0.97 37.40 39.74

Cont.
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Table II. Continued.
Measurement no. 10 Measurement no. 11 Measurement no. 12
Species
N Mean S.D. Min. Max. N Mean S.D. Min. Max. N Mean S.D. Min. Max.
C. brunneus 46 3965 1.54 35.55 42.71 47 30.28 0.91 27.14 32.20 47 3436 0.87 32.88 36.44
C. h. hoffmannsi 52 40.06 1.66 36.79 45.47 52 30.78 1.05 28.62 32.81 52 3429 1.07 32.15 36.85
C. h. baptista 28 39.30 1.20 36.89 41.05 28 30.71 1.03 28.62 32.76 26 34.18 0.89 32.79 35.93
C. moloch 76 40.07 1.50 36.55 43.28 76 30.80 1.11 27.77 33.23 76 34.53 0.94 32.29 36.42
C.cinerascens 7 4066 1.67 37.79 43.34 7 30.87 0.90 29.50 31.87 7 3517 1.34 33.68 37.63
C.personatus 43 4371 1.96 39.57 48.33 43 32,02 1.22 28.82 34.12 43 36.31 1.13 33.73 38.74
C. nigrifrons 28 4262 1.63 38.42 45.50 28 3162 1.52 29.18 35.00 28 36.01 1.12 34.56 38.25
C. melanochir 2 4214 - 40.68 43.59 2 3243 - 31.87 32.98 2 3699 - 3574 3824
C. coimbrai 4 4182 1.75 40.21 4362 4 32.83 0.71 32.20 33.75 4 3549 0.68 34.62 36.26
Measurement no. 13 Measurement no. 14 Measurement no. 15
Species
N Mean S.D. Min. Max. N Mean S.D. Min. Max. N Mean S.D. Min. Max.
C. brunneus 47 4747 165 43.83 51.31 46 30.54 1.81 26.57 35.63 47 2493 2.37 20.05 30.15
C. h. hoffmannsi 52 4800 1.80 43.16 51.23 51 31.73 2.07 25.41 3566 52 2466 1.71 20.82 30.38
C. h. baptista 28 46.90 1.49 41.66 49.53 28 30.53 1.71 26.74 33.58 28 2580 1.05 23.70 28.20
C. moloch 74 4726 1.92 42.77 53.67 73 30.99 1.82 26.66 35.85 73 2662 1.70 21.00 29.61
C.cinerascens 7 47.87 1.92 44.57 50.81 7 31.06 1.46 29.29 33.20 7 2590 1.18 24.46 27.60
C.personatus 43 5261 1.68 49.45 56.36 42 3342 1.75 29.96 36.87 43 27.26 1.60 24.71 31.56
C. nigrifrons 28 5128 1.81 48.14 55.24 28 33.54 2.08 29.20 37.67 25 2760 1.39 25.20 30.88
C. melanochir 2 50.87 - 5041 51.32 2 3207 - 31.23 3290 22728 - 2528 2927
C. coimbrai 4 505 0.94 48.93 51.05 4 31.12 0.87 30.07 32.11 4 27.38 1.49 26.09 29.25
Measurement no. 16 Measurement no. 17 Measurement no. 18
Species
N Mean S.D. Min. Max. N Mean S.D. Min. Max. N Mean S.D. Min. Max.
C. brunneus 47 60.91 2.06 57.34 65.85 46 30.97 1.31 28.09 33.84 46 31.36 2.11 28.51 42.85
C. h. hoffmannsi 52 61.50 1.82 57.23 65.87 51 30.58 1.17 28.14 32.67 52 30.51 1.47 27.52 35.58
C. h. baptista 28 60.75 1.36 58.13 63.82 28 30.92 0.92 29.48 32.69 28 30.34 1.10 27.41 32.19
C. moloch 75 61.67 1.65 57.24 66.14 72 3149 1.15 28.99 33.82 76 31.30 1.50 27.92 35.78
C.cinerascens 7 6268 2.01 59.30 65.65 7 31.43 0.96 29.88 32.64 7 3112 1.15 30.71 34.42
C.personatus 43 68.42 1.96 64.00 72.26 42 3424 1.30 31.23 37.55 43 3536 1.62 32.31 38.85
C. nigrifrons 28 66.06 1.82 62.46 69.80 28 3437 1.52 31.25 36.85 28 33.28 1.38 30.12 36.27
C. melanochir 2 6795 - 67.81 68.08 2 3364 - 3157 3571 2 3356 - 30.48 36.64
C. coimbrai 4 65.92 1.58 64.78 68.25 4 32.88 0.46 32.44 33.50 4 33.28 1.45 31.28 34.62
Measurement no. 19 Measurement no. 20 Measurement no. 21
Species
N Mean SD. Min. Max N Mean S.D. Min. Max. N Mean S.D. Min. Max.
C. brunneus 45 33.81 1.54 29.34 37.71 45 3598 1.53 31.56 38.71 46 39.71 1.52 36.29 43.89
C. h. hoffmannsi 51 3463 1.30 31.65 38.23 51 36.38 1.43 34.01 39.91 51 4061 1.64 37.50 44.28
C. h. baptista 28 33.54 1.42 31.18 37.03 27 3540 1.38 33.21 3849 28 39.85 1.31 37.43 43.36
C. moloch 72 3405 1.46 30.11 37.67 74 37.02 1.59 32.18 4245 76 40.15 1.54 35.65 43.71
C.cinerascens 7 3560 1.50 33.50 37.22 7 3739 1.35 35.12 39.15 7 40.85 1.46 37.87 42.49
C.personatus 43 36.36 1.74 31.98 39.96 43 39.63 1.97 3579 4427 43 4564 1.96 41.88 50.25
C. nignfrons 28 3557 1.22 33.33 37.54 28 38.26 2.10 33.37 43.91 28 44.41 1.78 40.75 47.58
C. melanochir 2 3532 - 3372 3691 2 3935 - 38.09 40.61 2 4522 - 4510 45.34
C. coimbrai 4 3389 1.21 32.49 3542 4 3820 1.06 37.39 39.73 4 42.85 1.00 41.66 44.03
Measurement no. 22 Measurement no. 23
Species
N Mean S.D. Min. Max. N Mean S.D. Min. Max.
C. brunneus 46 1128 0.70 9.13 13.15 46 34.31 232 29.11 39.44
C. h. hoffmannsi 51 11.87 0.80 9.55 13.36 52 3529 2.18 29.79 40.33
C. h. baptista 28 11.59 0.65 10.65 13.39 27 3324 191 30.22 37.27
C. moloch 76 11.37 0.78 9.23 13.46 76 3522 1.98 29.16 39.46
C.cinerascens 7 11.88 0.63 10.77 12.64 7 3540 2.77 32.20 40.27
C.personatus 43 1322 0.96 11.89 15.38 43 38.24 2.44 33.89 44.02
C. nigrifrons 28 11.91 0.98 10.22 13.66 28 36.07 2.31 31.23 40.96
C. melanochir 2 1420 - 1295 1544 2 4078 - 4032 41.24
C. coimbrai 4 11.89 0.57 11.24 1261 4 37.25 1.12 36.07 38.52
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Pelage. In general appearance C. coimbrai is easily identified as a member
of the Personatus group by both the blackish head and the orange or brownish tail
(Fig. 3). Within the Personatus group, the new form is sharply distinguished from
Barbara Brown’s titi C. barbarabrownae and SPIx’s (1823) figure of C. gigot
(HERSHKOVITZ 1990), by its black head and crown with a clear line demarcating
the whitish back of the crown and nape, as well as the buffy preauricular stripe and
brownish tail. C. coimbrai differs from the other three members of the Personatus
group by the buffy colour of its pelage, the zebra-striped pattern of the anterior half
of the back, the well-defined whitish band across the back of the crown and nape,
and the buffy preauricular stripe.

Teeth. According to KOBAYASHI (1990), each group of titis show different
tendencies in the occlusal pattern of the upper molars. In the Torquatus group the
occlusal pattern is relatively smooth and simple. There are numerous cusps and
conules and the pattern is more complicated in the Donacophilus, Cupreus and
Moloch groups. The number of small cusps and conules is largest, and the pattern
most uneven and variable in the Personatus group. In 82 co:mbral this trend is
actually emphasised. For example, the metaloph on M! and M? is fragmented, does
not form a continuous ridge, and looks like two conical conules. This structural
complexity is found in the other teeth as well.

Craniometric comparison by multivariate analyses

Distance analysis by Q-mode correlation coefficients and principal compo-
nent analysis showed the new form to be clearly separated from the other members
of the Personatus and Moloch groups analysed. In the distance analysis by Q-mode
correlation coefficients, both clustering and ordination are applied. Table I1I shows
the similarity matrix from Q-mode correlation coefficients. The dendrogram using
the furthest neighbours method presents a hierarchical scheme for nine forms of the
Personatus and Moloch groups, including coimbrai (Fig. 7). These forms can be
divided into major clusters. The first includes C. h. hoffmannsi, C. h. baptista, C.
moloch and C. cinerascens. The second includes C. personatus, C. nigrifrons, C.
melanochir, C. brunneus and C. coimbrai. The morphometric distance between the
new form and the other members of the second major cluster was larger than that
between every pair within the first major cluster except C. brunneus.

Table III. Similarity matrix from Q-mode correlation coefficients obtained from skull measure-
ments of species of Callicebus (Personatus and Moloch groups).

C. C. h C. h. C. (o (o C. C. C.
brunneus hoffmannsi baptista moloch cinerascens personatus nigrifrons melanochir coimbrai
C. brunneus 1.0000 0.2533 0.1503 0.0510  -0.0101 -0.1408 -0.3472  -0.5579 0.2025
C. h. hoffmannsi  0.2533 1.0000 0.5589 -0.0392 0.0137  -0.2291 -0.4687 -0.4867  -0.2123
C. h. baptista 0.1503 0.5589 1.0000 0.3429  -0.1972  -0.7637 -6953  -0.3210 0.1627
C. moloch 0.0510  -0.0392 0.3429  1.0000 0.2965  -0.4565 -0.2696 -0.1525  -0.0995

C. cinerascens ~ -0.0101 0.0137  -0.1972  0.2965 1.0000 0.1660 -0.0911 0.0822 -0.6614
C. personatus -0.1408  -0.2291  -0.7637 -0.4565 0.1660 1.0000 0.6947 -0.0935  -0.2508

C. nigrifrons -0.3472  -0.4687 -0.6953 -0.2696 -0.0911 0.6947 1.0000 0.0528  -0.1902
C. melanochir -0.5579  -0.4867 -0.3210 -0.1525 0.0822 -0.0935 0.0528 1.0000 -0.2178
C. coimbrai 02025 -0.2123 0.1627 -0.0995 -0.6614 -0.2508 -0.1802 -0.2178 1.0000
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C. cinerascens
—: C. moloch
S e
C. h. hoffmannsi
C. melanochir
E C. nigrifrons
C. personaths
P
L C brunneus

= Personatus group
Moloch group

Fig. 7. Dendrogram by the furthest neighbours method of nine species of the Personatus and
Moloch groups.

Table IV lists the Eigenvectors for the first three axes which resulted from
the quantification theory model 4 of the Q-mode correlation coefficients, repre-
sented in three dimensions in figure 8. In this scattergram, the scatter pattern of each
form shows some slight differences compared to the results of the clustering. C.
brunneus is closer to the members of the first major cluster than the new form. C.
coimbrai is clearly separated from any other form by the third axis.

Table IV. Eigenvectors and eigenvalues obtained from skull measurements of Callicebus
species of the personatus and moloch groups resulting from quantification theory model 4 by
Q-mode correlation coefficients.

Species 1 2 3 4 5 6
C. brunneus -0.22451 -0.21940 -0.03544 -0.19917 0.26916 0.73263
C. h. hoffmannsi -0.30124 -0.09582 -0.28402 -0.28969 -0.51872 0.08332
C. h. baptista -0.46355 0.11351 -0.03232 0.17039 -0.36930 -0.32433
C. moloch -0.17856 0.12997 -0.15629 0.47965 0.38939 -0.21565
C. cinerascens 0.08001 0.11332 -0.44979 0.01966 0.42908 -0.06259
C. personatus 0.44284 -0.36445 -0.11884 -0.47710 0.06457 -0.44364
C. nigrifrons 0.51209 -0.29542 0.07769 0.58202 -0.35616 0.23809
C. melanochir 0.32963 0.80353 0.20699 -0.21262 -0.11388 0.14947
C. coimbrai -0.19672 -0.18525 0.79202 -0.07314 0.20586 -0.15765
Eigenvalues 6.31905 3.83912 3.36905 1.34611 1.15754 0.32408

In the PCA Eigenvectors, Eigenvalues, proportions and cumulative propor-
tions for the first five principal components are listed in table V. The first five factors
have Eigenvalues greater than 1.0, and their cumulative proportion of the total
variance was 76.1%. It is quite probable that these principal components were
responsible for a large part of the total variation. As is easily seen, the first principal
component represents the overall cranial size (size factor), since all elements of the
Eigenvector are greater than zero and display little differences in their values. In
spite of difficulty in their translation, the other four principal components can be
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/> C. melanochir
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Fig. 8. Three-dimensional representation of the Eigenvectors from table IV, calculated from
skull measurements of specimens of Callicebus of the Personatus and Moloch groups.

Table V. Eigenvectors, eigenvalues, proportions and cumulative proportions for the first to five
principal components resulting from PCA of skull measurements of Callicebus species of the

personatus and moloch groups.

Measurement PC1 PC2 PC3 PC4 PC5

1 0.15684 0.25296 -0.11081 0.59649 0.01048

2 0.18579 0.11603 -0.22858 -0.21586 0.11865

3 0.21908 0.25990 -0.22811 0.34048 0.08613

4 0.06691 -0.37813 -0.22286 -0.18492 0.18748

5 0.22675 -0.19137 0.03336 0.07170 -0.05055

6 0.24306 0.10685 0.00737 -0.03040 -0.18053

7 -0.02999 -0.46066 -0.08269 0.28773 0.58773

8 0.17319 0.27769 -0.19926 -0.18372 0.02827

9 0.24949 -0.20571 -0.07444 0.09488 0.05497

10 0.26033 -0.09185 -0.06418 -0.09719 0.01211

1 0.16832 -0.15458 0.47080 0.21882 0.10307

12 0.20507 -0.03510 0.45626 0.04055 -0.05207

13 0.26220 -0.07164 0.03334 0.11858 -0.20395

14 0.18535 -0.33334 0.17297 -0.08659 -0.41075

15 0.12276 0.29166 0.31334 -0.28864 0.55386

16 0.27055 0.06701 0.05680 0.01986 0.03904

17 0.21482 0.23039 0.28744 -0.06467 0.13649

18 0.23468 0.05445 -0.09194 -0.09174 -0.04811

19 0.22267 -0.15360 -0.03604 -0.06417 0.06096

20 0.23121 -0.09114 -0.00628 -0.21312 0.00985

21 0.26366 0.02107 -0.06894 -0.00199 -0.01550

22 0.19462 -0.00357 -0.21104 0.18501 0.01132

23 0.20880 -0.06767 -0.26917 -0.23510 0.04064

Eigenvalue 12.07030 1.83222 1.42754 1.18028 1.00206

Proportion 0.52480 0.07966 0.06207 0.05132 0.04357

Cumulative 0.52480 0.60446 0.66652 0.71784 0.76141
proportion
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interpreted as shape factors, since each principal component had both positive and
negative elements of Eigenvectors. Table VI lists the mean scores for the second to
fourth principal components. The three-dimensional scattergram in figure 9 was
drawn using the means of the first three principal component scores. In this
scattergram, the overall pattern of the individual forms corresponds approximately
to the results of clustering based on the Q-mode correlation coefficients. However,
the plot of C. coimbrai is comparatively well separated from those of the other
forms.

Personatus group

B C brunneus
‘ C. h. hoffmannsi
A C. h baptista

. C. moloch

£VOd

WV C. cinerascens
O C. personatus
/\ C. nigrifrons

0 C. melanochir

@ C. coimbrai

Moloch group

Fig. 9. Three-dimensional representation of the means of the first three principal component
scores of skull measurements of specimens of Callicebus of the Personatus and Moloch
groups.

Table VI. Mean scores for the principal components resulting from PCA of skull measurements
of Callicebus species of the personatus and moloch groups.

Species First Second Third Fourth Fifth
C. brunneus -2.291 0.641 -0.303 0.391 -0.158
C. h. hoffmannsi -1.495 -1.046 -0.283 0.518 -0.190
C. h. baptista -2.382 -1.009 -0.045 0.108 0.876
C. moloch -1.399 0.099 0.209 -0.804 0.158
C. cinerascens -0.321 0.087 0.023 -0.779 -0.144
C. personatus 5.540 0.460 -0.193 0.431 -0.018
C. nigrifrons 3.247 0.851 0.849 -0.183 -0.684
C. melanochir 5.289 0.307 -0.654 -1.597 0.061
C. coimbrai 1.707 0.938 -0.031 0.771 0.797
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DISCUSSION

If the taxonomic arrangement of HERSHKOVITZ (1988, 1990) is followed, C.
coimbrai would be considered a subspecies of C. personatus. HERSHKOVITZ (1990),
using mainly the colour variation of the pelage, considered all forms of the
Personatus group to be subspecies. However, KOBAYASHI (1995) suggested that
the craniometric differences found among the members of the Personatus group (C.
barbarabrownae was not studied) argues for their separation as species rather than
subspecies. Although the reproductive species concept is followed, it is in this case
impossible to confirm the reproductive isolation of the new titi in the wild because
of habitat destruction and fragmentation. It is here argued that morphological
differences and the absence of intermediate forms are indirect evidence of repro-
ductive isolation. Callicebus coimbrai is, therefore, described as a new species for
the following reasons:

Distribution

The distribution of the new form is allopatric. The habitat may have been
contiguous with that of the nearest forms, C. barbarabrownae to the west and C.
melanochir to the south, before the widespread destruction and fragmentation of
their forests through human activities (COIMBRA-FILHO & CAMARA 1996), but
evidence concerning this will be difficult to obtain. Furthermore, there are striking
differences in the habitat of the three forms. The Atlantic forest in the south of the
state Bahia (C. melanochir) is different to that in Sergipe, and the semiarid habitat
of C. barbarabrownae is very different from the Atlantic forest, although in the past
more humid forests were widespread in the region (COIMBRA-FILHO & CAMARA
1996). The new form is clearly distinguishable, and there is no evidence of
hybridisation or transitional phenotypes. The presence of melanochir-like pheno-
types within the C. coimbrai populations would be an indication of gene flow and
would argue for their classification as subspecies, but this is not the case. Recently,
MARINHO-FILHO & VERISSIMO (1997) reported new records of C. barbarabrownae
at about the same latitude of C. coimbrai but further to the west, in small forest
enclaves in the Caatinga of Canudos, Jeremoabo and Monte Santo, localities of
Northern Bahia. Further information must be obtained from the region south of the
Rio Real to the Rio Paraguacu in Bahia, where scattered and isolated populations
of titi monkeys undoubtedly still exist, but their identity has still to be ascertained
(OLIVER & SANTOS 1991). The forms in such as Callithrix and Leontopithecus,
which show similar patterns in terms of their distribution and differentiation in the
Atlantic forest, are classified as species (KINZEY 1982; MITTERMEIER et al. 1988;
NATORI 1989; RYLANDS et al. 1993).
Dental morphology

The new form evidently shows a unique dental morphology as mentioned
above. Differences in dental morphology are usually given considerable importance
because the traits are conservative and subject to strong selection pressures.
Skull shape

As shown by the multivariate analyses, the craniometric shape of the new
form is quite differentiated, and the degree of differentiation from the other members
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of the Personatus group corresponds to that found between species of the other
Callicebus groups.

For similar reasons, it is also considered that the other members of the
Personatus group are not subspecies but full species (paper in preparation).

Material examined

Callicebus personatus. Baixo Rio Suagui, Minas Gerais, MZUSP 5931-2;
Colatina, Espirito Santo, MZUSP 2219-27; Estrada Linhares-Sdo Mateus, Espirito
Santo, MN 21051; Fazenda Afluente Branco do Sul, Espirito Santo, MN 21053;
Fazenda Dez de Agosto, Espirito Santo, MN 21054; Fazenda Monte Verde, 24 km
SE of Venda Nova, Espirito Santo, UFPB 412; Fazenda Sao José, Espirito Santo,
MN 21052; Lagoa Japurd, Espirito Santo, MN 2478; Rio Doce, Espirito Santo,
MZUSP 2409-3; Sooretama, Espirito Santo, MZUSP 11142, 11148, 11152, 11164,
11711-4, 11803-5; Sdo Domingos, Espirito Santo, Minas Gerais (3 specimens not
numbered); Tedfilo Otoni, Minas Gerais, MZUSP 2712-4, AMNH 139924, Locality
unknown — MN 1428, MN 2479, USNM 240086.

Callicebus nigrifrons. Bairro dos Alves, Monte Alegre, Sdo Paulo, MZUSP
6300-2; Fazenda Itaqueré, Boa Esperanga do Sul, Sdo Paulo, MZUSP 9812-3;
Fazenda Tapera, Juiz de Fora, Minas Gerais, AMNH 133918; Franca, Sdo Paulo,
MZUSP 1077; Itatiaia, Rio de Janeiro, MN 25897, MZUSP 7426-30, 19548; Itatiba,
MZUSP 3712; Ituéta, Rio Doce, Minas Gerais, MN 11978-9; Lins, Rio Tieté, Sdo
Paulo, MZUSP 5901, FMNH 52337; Macieiras, Serra do Itatiaya, Sdo Paulo,
AMNH 61539; Mato Grosso, Barretos, Sdo Paulo, MZUSP 1419-21; Patos, Minas
Gerais, AMNH 133685-6; Rio Doce (right bank), Minas Gerais, MZUSP 5928-30;
Sao Jodo da Gloria, Passos, Minas Gerais, MN 21064-6, 25898; Sdo Paulo, Sdo
Paulo,AMNH 36812-3; Uberlandia, Minas Gerais, AMNH 518219-20; UHE Nova
Ponte, Nova Ponte, Minas Gerais, UFPB 1606, 2223, 2224, 2219; Visconde de
Soutelo, Sdo Paulo, MZUSP 6562; Locality unknown — MN 1357, 1866, 2477,
30174-8.

Callicebus melanochir. Fazenda Imbaguaba, 30 km N de Prado, Bahia,
UFPB 2217; Ilhéus, Bahia, MN 11201; Locality unknown — MN 11049, MZUSP
3884.

Callicebus barbarabrownae. Bandeira de Melo, Rio Paraguacu, Babhia,
FMNH 20444; Miroros, Ibipeba, Bahia, UNB 1510.
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