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a b s t r a c t

Differential phenotypic characteristics for taxonomic diagnosis purposes are well deter-
mined in the genus Saimiri (squirrel monkey). However, data on its reproductive charac-
teristics are lacking. Our aim was to determine testicular biometry and correlate with
seminal analysis in captive (Saimiri collinsi) and free living (Saimiri vanzolinii, Saimiri
cassiquiarensis, and Saimiri macrodon) squirrel monkeys. Testicular length, width, height,
circumference, and volume were measured. Testicular biometry showed no differences
between right and left testicles within the same species, as well as among species. Semen
collected by electroejaculation was constituted of a liquid and coagulated fraction, or only
one of them. No significant difference was observed between mean volumes of liquid
(49.2� 68.9 mL: S. collinsi; 28.3� 59.8 mL: S. vanzolinii; 5� 7.1 mL: S. cassiquiarensis; and 0 mL:
S. macrodon) and coagulated (65.4 � 142.1 mL: S. collinsi; 125.8 � 142.5 mL: S. vanzolinii;
175 � 176.8 mL: S. cassiquiarensis; and 500 mL: S. macrodon) fractions within species or when
each fraction was compared among the studied species. No correlation between testicular
volume and seminal volume was observed when liquid (R ¼ 0.31, S. collinsi; R ¼ �0.69,
S. vanzolinii) and coagulated (R ¼ 0.32, S. collinsi; R ¼ �0.37, S. vanzolinii) fractions were
evaluated. No sufficient data were obtained for the other two species. Seminal quality was
similar among species, and the most common defect was coiled tail. The method of elec-
troejaculation yielded satisfactory results on these species, under field conditions.

� 2016 Elsevier Inc. All rights reserved.
1. Introduction

Squirrel monkeys (Saimiri sp.) are Neotropical primates
whose taxonomy was recently revised. Although molecular
and morphologic studies have presented conflicting results
regarding the taxonomic organization and geographical
distribution [1,2], the most updated classification proposed
by Mittermeier et al. considers the following species of
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Saimiri: Saimiri cassiquiarensis, Saimiri vanzolinii, Saimiri
macrodon, Saimiri boliviensis, Saimiri sciureus, Saimiri ustus,
and Saimiri oerstedii [3]. In addition, the taxon Saimiri col-
linsi has been recently recognized through molecular
studies [1,4].

We are performing the first study on testicular biometry
and seminal characterization based on this new taxonomic
organization with the following species: S. collinsi, S. van-
zolinii, S. cassiquiarensis, and S. macrodon. Phenotypic dif-
ferences among these species are more related to color and
pelage patterns as depicted in Supplementary Figure 1. The
conservation status of these species on the International
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Union for Conservation of Nature red list is considered as of
least concern, except for S. vanzolinii (black-headed squirrel
monkey), which is listed as vulnerable and its entire pop-
ulation is confined to the Mamirauá Reserve [5].

Squirrel monkeys are widely used as animal models for
a variety of research areas [6]. Such application can be
explained by their small size and ease of handling in
captivity [6–8]. Males of S. sciureus and S. boliviensis are the
most studied intensely [6,9], and from which semen has
been obtained by electroejaculation (EEJ) [10–15] and
penile vibratory stimulation (PVS) [15] and characterized,
showing variable data. For instance, mean seminal volume
ranged from 50 to 160 mL for S. sciureus [10–14] and from
205 to 436 mL for S. boliviensis [15]. Sperm concentration
varied within the same species, 0 tow430 � 106 sperm/mL
for S. sciureus [10–14] and from 2 to w 77 � 106 sperm/mL
for S. boliviensis [15].

Paim et al. [2] investigated morphologic and ecological
differences among S. vanzolinii, S. cassiquiarensis, and
S. macrodon living in Mamirauá Sustainable Development
Reserve, but specific reproductive aspects of these recent
recognized species are still unknown. Studies in repro-
duction focused on the species can be more relevant than
those focused on the genus because some parameters can
be different among species of a single genus, such as body
weight, hormonal response, behavior, growth, and devel-
opment. These differences have to be taken under consid-
eration in research projects, for they might introduce new
biases in the results [6].

In the present work, we aim to describe seminal char-
acteristics, testicular parameters, and their correlations for
S. vanzolinii, S. cassiquiarensis, and S. macrodon, captured in
wild, and for S. collinsi, maintained in captivity. Therefore,
our main goal is to provide biologic information on these
species, to support in the future, development of successful
protocols for conservation of squirrel monkeys’ sperm.

2. Materials and methods

2.1. Study site

We conducted our study at two different locations. The
captive males (S. collinsi) were examined andmaintained at
National Primate Center, Ananindeua, Brazil (1�2205800S and
48�2205100W), where the climate is humid tropical, with an
average annual temperature of 28 �C. The free-living males
(S. vanzolinii, S. cassiquiarensis, and S. macrodon) were
captured at Mamirauá Sustainable Development Reserve
(Supplementary Fig. 2). The reserve is a protected area
located at the confluence of the Solimões and Japurá rivers
(03�0202200S and 64�5104100W), covering a total of
1,124,000 ha of floodplain ecosystems [2]. Monthly average
precipitation is 131.1 mm, and average temperature is
27.5 �C (minimum average 23.02 �C and maximum average
31.86 �C) [16].

2.2. Study animals

All experimentalprotocolswereapprovedby theBrazilian
environmental authorities (SISBIO/ICMBio/MMAno 31542-2
for captive animals/no. 29906-3 for wild animals), by
the Ethical Committee in Animal Research (no. 0010/
2011/CEPAN/IEC/SVS/MS; for captive animals) and Ethics
and Research Committee and the Animal Use Ethical
Committee of the Mamirauá Institute for Sustainable
Development (no. 002/2012; for wild animals). Only adult
males (>5-year old) [17] from four species of the genus
Saimiri were selected for our study: S. collinsi (n ¼ 13),
S. vanzolinii (n ¼ 10), S. cassiquiarensis (n ¼ 5), and
S. macrodon (n¼ 9). The age of all animals was estimated on
the basis of dentition considering tooth eruption, intra-
osseous tooth formation, and tooth wear [18].

Saimiri collinsi males were captive animals from Na-
tional Primate Center, selected by their physical charac-
teristics and clinical parameters such as complete
hemogram, hepatic and renal function (Supplementary
Tables 1 and 2). External genitalia were evaluated, and
andrologic examination (i.e., inspection and palpation of
the testes to verify size, consistency, symmetry, and
mobility) was performed. Animals were collectively housed
in mixed groups (males and females in a varied number of
members), in cages of 4.74 � 1.45 � 2.26 m (length, width,
and height, respectively), under natural photoperiod (i.e.,
12 hours of light and 12 hours of dark). The diet consisted of
fresh fruit, milk and commercial pellet chow (MEGAZOO
P18, Protein 18%, Fiber Maxi. 6.5%, Betim, MG, Brazil), and
cricket larvae (Zophobas morio). Vitamins, minerals, and
eggs were supplied once a week, and water was available
ad libitum. The physical restraint was done with netting
and leather glove, by a trained animal caretaker. Semenwas
collected at the same period of the day, i.e., in the morning
before feeding and throughout 2 months (October and
November) of 2011 and 2012.

Saimiri vanzolinii, S. cassiquiarensis, and S.macrodonmales
were captured using a Tomahawk Live Trap (0.7 � 0.4 �
0.4 m; length, width, and height, respectively) in two field
expeditions inNovember 2012 andOctober 2013. Trapswere
set up in the earlymorning and checked after four hours and
at mid-afternoon. The animals caught were handled by a
trained animal caretaker wearing leather gloves.

2.3. Chemical restraint and semen collection

After physical restraint, all studied animals were anes-
thetized with ketamine hydrochloride (Vetanarcol 15 mg/
kg intramuscular; König S.A., Avellaneda, Argentina) and
xylazine hydrochloride (Kensol 1 mg/kg intramuscular;
König S.A.) by a veterinarian [19]. Achieved total anesthetic
effect, the animals were weighed. Average body weights
were 868 (705–1125), 818 (580–1055), 614 (555–675), and
777 (578–1005) grams for S. collinsi, S. vanzolinii, S. cassi-
quiarensis, and S. macrodon, respectively (Supplementary
Table 3). Subsequently, the males were placed in dorsal
recumbence; both testes were evaluated and measured:
length (cranial-caudal), width (medial-lateral), and height
(dorsal-ventral) with a caliper rule and circumference with
a tape-measure. The testicular volume was calculated by
the formula: length � width � height � 0.524. Genital
region was then sanitized with a mild soap and distilled
water (1:10) and gauze. The prepucewas retracted with the
thumb and index fingers for a more efficient cleaning of the
penis with saline solution.



K.G. Oliveira et al. / Theriogenology 86 (2016) 879–887 881
Animals were stimulated by EEJ (Autojac-Neovet,
Uberaba, Brazil) with a rectal probe as indicated by Bennett
[10]: 0.6 cm diameter and 12.5 cm length with a rounded
end, bearing two metal plates (2 cm in length and 0.8 cm
wide) on opposite sides. The probe was smeared with a
sterile lubricant jelly (KY Jelly, Johnson and Johnson Co.,
Arlington, TX, USA), introduced in the rectum (w2.5 cm
deep), and electrical stimuli were delivered. The stimula-
tion session consisted of three series (7–8 minutes),
composed of 35 electrical stimuli (12.5–100 mA) within an
interval of 30 seconds between series [19].

Ejaculate (liquid and coagulated fractions) was collected
into microcentrifuge tubes (1.5 mL). If a male did not
ejaculate after the session, no further attempts were made
to collect semen in the case of wild animals. In the case of
captive animals, another EEJ was attempted after intervals
of at least 30 days.

In captivity, semen sampling was performed in a
collection room. In the wild, it was performed near capture
points, to avoid the removal of the caught animals from
their place of origin. Rectal temperature was measured
before the EEJ procedure. A veterinarian monitored the
animals during EEJ and after recovering from anesthesia.

2.4. Seminal evaluation

Immediately after ejaculation in a graduated microtube,
semenwas placed in a water bath at 37 �C. Appearance and
consistency were evaluated subjectively by a same
measurer, i.e., color (colorless, yellowish or whitish),
opacity (opaque or transparent), appearance (amorphous
or filamentary seminal coagulum), and degree of coagula-
tion (four-point scale) according to Dixson and Anderson
[20]. The seminal liquid fractionwas measured with the aid
of a pipette. Coagulum volume was calculated as the total
volume minus the liquid volume. Subsequently, the
extender ACP-118 (powdered coconut water; ACP Bio-
tecnologia, Fortaleza, Ceará, Brazil) was added to a micro-
tube, which was maintained in the water bath (37 �C) for a
period of 1 to 1.5 hour to allow coagulum liquefaction [19].
During incubation, periodically (every 15 minutes) gentle
mixing of the samples with the help of a pipette tip was
performed to improve sample homogeneity.

Sperm motility was expressed as the percentage of
sperm actively moving in a forward direction. Sperm
vibrating in a place were not considered to be motile. To
measure sperm motility, 10 mL of semen was placed in a
prewarmed (37 �C) glass slide with cover slip and evalu-
ated. Sperm vigor was subjectively scored on a scale from
0 to 5 [19]. Sperm morphology and plasma membrane
integrity were evaluated by a smear prepared adding 5 mL
of eosin-nigrosine stain (Vetec, Rio de Janeiro, Brazil) to
5 mL of semen on a prewarmed (37 �C) glass slide.
Morphologic defects detected in sperm were classified as
major or minor [21]. Sperm concentration was determined
in a Neubauer chamber after dilution of 1 mL semen in 99 mL
formalin solution 10%. Seminal pHwasmeasured with a pH
strip (Merck Pharmaceuticals, Darmstadt, Germany). All
evaluations were performed under a light microscope
(Nikon, Tokyo, Japan), at a magnification � 100, by a same
measurer.
2.5. Data analysis

All data are expressed as mean � standard deviation
(SD). Testicular biometry and seminal data were evaluated
using one-way ANOVA followed by Tukey multiple com-
parisons posthoc test. The Spearman rank-order correlation
coefficient was used to measure correlation between pa-
rameters. Statistical significance was obtained whenever
P < 0.05. For all statistical analyses, software R, version
3.1.2, was used.

3. Results

Total time for anesthetic effect (approximately 4–5
minutes) and rectal temperature (38.6 � 1.1 �C) were not
species-specific. Animals selected for this study presented
testes with normal consistency and mobility. Testicular
biometry showed no differences between right and left
testicles within the same species, neither among species,
which presented all similar testicular biometry (Fig. 1). The
testicular circumference was not measured in S. cassi-
quiarensis. Hence, there are no data available.

Penile erection began more frequently between the
13rd and 20th electrical stimuli of each series, and ejacu-
lation occurred on average between 15th and 18th stimuli
of each series, in all species. The collected semen was
constituted by a liquid and coagulated fraction or only one
(Table 1). Ejaculation was almost always initiated by the
liquid fraction that often was partially or totally coagulated
after about 10 seconds. Liquid and coagulated fractions
were transparent or opaque and colorless, whitish or
yellowish in all studied species. This wide variation in
appearance and constitution of ejaculated among collec-
tions was regardless of species, and no pattern was
observed within species. Coagulated fraction presented
filamentary or amorphous appearance, and the most
frequent coagulation degree observed was 3, where semen
coagulates so that the ejaculate forms a whitish, nonfluid,
nongelatinous mass but not a compact plug and was not
spontaneously dissolved, according to Dixson and Ander-
son’s scale [20] (Supplementary Fig. 3). The number of
animals of each species in which EEJ was performed and
number of ejaculations are listed in Table 1. Concerning
volume of liquid and coagulated fractions, no significant
difference was observed among species within each
compared fraction or between fractions within the same
species (Table 1).

There was no correlation between the testicular volume
and seminal volume, when liquid (R ¼ 0.31) and coagulated
(R¼ 0.32) fractions from S. collinsiwere evaluated. Likewise,
liquid and coagulated fractions from S. vanzolinii were not
correlated with testicular volume (R¼ �0.69 and R¼ �0.37,
respectively). Correlations in S. cassiquiarensis and S. mac-
rodon were not performed because of the insufficient
number of seminal samples of both species (Fig. 2).

Sperm motility, vigor, and plasma membrane integrity
were similar among species (Fig. 3). Owing to the limited
number of seminal samples (n ¼ 1) obtained from S. mac-
rodon, sperm morphology was evaluated only on S. collinsi,
S. vanzolinii, and S. cassiquiarensis, and no differences
among these species was observed (Table 2). The most



Fig. 1. Box plot of parameters of testicular biometry of Saimiri collinsi (n ¼ 13), Saimiri vanzolinii (n ¼ 10), Saimiri cassiquiarensis (n ¼ 5), and Saimiri macrodon
(n ¼ 9) males. No significant differences were observed within and among species regarding testicular parameters.
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common defects were observed in the tail with a pre-
dominance of secondary defects, i.e., coiled tail (see Fig. 4).
Sperm concentration was measured in semen from captive
animals, and the mean (� SD) value for liquid fraction of
Table 1
Number of animals submitted to electroejaculation (N), total number of trials (EEJ),
only liquid, or only coagulated fraction), ejaculates presenting sperm, and mean (

Species N EEJ Trials with ejaculates (fractions)

Total Liquid þ coagulated Liqui

Saimiri collinsi 13 27 13 4 7
Saimiri vanzolinii 8 8 6 3 0
Saimiri cassiquiarensis 5 5 2 1 0
Saimiri macrodon 1 1 1 0 0

No significant differences were observed within and among species regarding se
a Only one sample obtained.
S. collinsi was 88.31 � 36.64 � 106 sperm/mL. Mean (� SD)
seminal pH of total ejaculate (liquid and coagulated
fraction) was 7.43 � 0.63. For none of these parameters,
differences among species were observed.
trials with ejaculates (total, containing both liquid and coagulated fractions,
� standard deviation) seminal volume of liquid and coagulated fractions.

Ejaculates with
sperm (n)

Liquid
fractions (mL)

Coagulated
fractions (mL)

d Coagulated

2 9 49.2 � 68.9 65.4 � 142.1
3 3 28.3 � 59.8 125.8 � 142.5
1 1 5 � 7.1 175 � 176.8
1 1 0a 500a

minal liquid and coagulated fractions.



Fig. 2. Correlation found between testicular volume and seminal volume (liquid or coagulated fractions) in Saimiri collinsi (A and C; n ¼ 13 males) and Saimiri
vanzolinii (B and D; n ¼ 6 males).
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4. Discussion

This is the first report describing seminal and testicular
parameters in free-living S. vanzolinii, S. cassiquiarensis, and
S. macrodon. Previous studies on these themes were focused
on S. collinsi [19], S. sciureus [22], and S. boliviensis [15].
Besides its substantial importance for the evaluation of male
fertility, collection and characterization of semen from wild
primates, in the field, is still scarce but necessary to evaluate
reproduction from these free-living species [23].

Observed symmetry between right and left testicles
within a same individual of all studied species was



Fig. 3. Mean sperm motility (A), vigor (B), and plasma membrane integrity (C) of Saimiri collinsi (n ¼ 13 males), Saimiri vanzolinii (n ¼ 6 males), Saimiri cassi-
quiarensis (n ¼ 2 males), and Saimiri macrodon (n ¼ 1 male).
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expected because the testicles are paired organs, and there
are no major differences between them if organogenesis
occurs without anomalies as monorchidism, cryptorchi-
dism, or hypoplasia. Total testicular volume of S. collinsi
(2934 � 831 mm3; mean � SD), S. vanzolinii
(2552 � 900 mm3), S. cassiquiarensis (2192 � 619 mm3),
and S. macrodon (2608 � 748 mm3) presented greater
measurements than those described in S. sciureus by
Pasqualini et al. (951–1792 mm3; minimum–maximum)
[24] and Viana (1515 � 87.18 mm3; mean � SD) [25] and
were similar to the recent measurement reported for
S. collinsi (2967 � 635 mm3; mean � SD) [19]. Although
wild monkeys may present different patterns of repro-
ductive season and captive monkeys are usually able to
mate and reproduce all year [22,25], no effect on testicular
biometry was observed.



Table 2
Mean percentages (� standard deviation) of normal sperm and sperm
with major and minor pathologic defects in fresh semen (liquid fraction)
of Saimiri collinsi, Saimiri vanzolinii, and Saimiri cassiquiarensis.

Morphology Species

S. collinsi S. vanzolinii S. cassiquiarensisa

Normal 69.06 � 21.18 90 � 9.19 81
Major pathologic defects
Strongly coiled tail 8.14 � 12.07 3.50 � 3.54 0
Proximal droplet 0.24 � 0.93 0.5 � 0.70 0
Pseudo droplet 0.17 � 0.48 0 0
Small abnormal head 0.02 � 0.15 0 0
Narrow at base 0.02 � 0.13 0 0
Pear-shaped defect 0.02 � 0.15 0 0

Minor pathologic defects
Terminally coiled tail 11.26 � 8.72 4.50 � 6.36 10
Simple bent tail 10.88 � 8.87 1 � 0 9
Distal droplet 0.19 � 0.47 0 0
Forked tail 0 0.5 � 0.70 0

It was not possible to evaluate sperm morphology of Saimiri macrodon
because of inexistence of liquid fraction.

a Only one sample evaluated.
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Positive correlation between ejaculate and testicular
volumes observed in S. collinsi but not in S. cassiquiarensis
was not significant, probably because of the wide variation
Fig. 4. Sperm morphology. (A) Saimiri collinsi sperm with intact (not stained) and in
(C) strongly coiled (white arrow) and simple bent tail (black arrow) of S. collinsi; (D
normal and terminally coiled tail (black arrow) of S. vanzolinii; (G) forked tail of S.
in sperm quality between the individuals. Also, despite the
large seminal volume, many ejaculates did not contain
viable sperm or were oligospermic. This would have rela-
tion with the position of the stimulating probe within the
rectum relative to adjacent prostate, loss of part of ejaculate
into the bladder (retrograde ejaculation) due to anesthetic
effect or electrical surge [15,26], or simply a possible
masturbation or copula heretofore to EEJ.

Many attempts of semen collectionweremade during the
present study. However, the number of ejaculates presenting
good spermatic parameters was relatively small. This was
previously observed in S. boliviensis, when males were
rectally stimulated during EEJ and presented modest penile
erection (frequently faded), and ejaculates were predomi-
nantly composed by a coagulated fraction [15]. Although
these authors found that more than half of the ejaculates
(60%) failed to contain motile sperm, and besides the risk of
both equipment and stimulationprocedure affecting seminal
quality [27], semen collection with EEJ is still conventionally
applied especially for Neotropical primates. Furthermore, EEJ
was applied because other methods were not available, and
conditioning free-living animalswas not anoption because it
would affect their daily habits. Other successful semen
collection methods are already described for essentially
jured (stained) plasma membrane; (B) abaxial insertion of Saimiri vanzolinii;
) small abnormal head of S. collinsi; (E) proximal droplet of S. vanzolinii; (F)
vanzolinii.
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terrestrial species, as Macaca fuscata [23], differently of
Saimiri sp., which is basically arboreal.

With some exceptions such as the Alouatta caraya,
species, which does not present semen coagulum after
ejaculation [28], semen from most primates coagulates
during or after ejaculation, being difficult to evaluate
seminal quality [10,13,15,26,27,29,30]. In the present study,
one part of the ejaculate coagulated but another part
remained liquid, without significant difference between
the volumes of these two fractions. The seminal coagulum
apparently has as main function to act as a reservoir of
sperm and protects them against adverse vaginal condi-
tions, e.g., acid pH acid [31]. The necessary time after
ejaculation for spontaneous coagulum liquefaction is vari-
able and species-specific [32]. In the present study, no
spontaneous liquefaction occurred. Addition of proteolytic
enzymes, e.g., trypsin, has been reported to be effective for
liquefaction of seminal coagulum from several primate
species [32]. However, some studies have shown that
proteolytic enzymes can cause lesions in spermmembrane,
compromising fertility capacity [33]. Therefore, we did not
use proteolytic enzymes to accelerate liquefaction of sem-
inal coagulum, but we diluted the coagulated in ACP-118
(powdered coconut water). This extender was previously
tested for S. collinsi [19] and Sapajus apella [29], whose
semen also does not liquefy spontaneously. ACP-118 was
used in association with mechanical fragmentation and
incubation inwater bath at 37 �C. ACP-118 contains ascorbic
acid and polyphenol oxidases, which are antioxidants that
support sperm quality during and after incubation [29,30].
ACP-118 is also composed by different bioactive enzymes,
e.g., phosphatase, catalase, and dehydrogenase, which may
support coagulum liquefaction.

Collected semen was in general similar to that described
in S. sciureus and S. boliviensis studies (employing EEJ or PVS)
[10–15]. Mean seminal volume collected in this study was
higher than that observed in the first seminal description of
the genus Saimiri (in S. sciureus) [10]. In this former study,
semenwas also collected by EEJ, and Bennett [10] described
two seminal fractions: a colorless sperm-free coagulum and
a sperm-rich fluid. However, in our study, we observed
sperm in both fractions. Ackerman and Roussel [12]
described liquefaction of coagulum seminal by trypsin
resulting in lower sperm motility and plasma membrane
integrity than those obtained in the present and recent
study with S. collinsi [19], maybe due a detrimental effect of
trypsin on sperm quality. Other scientific reports on seminal
characteristics of Saimiri species do not cite addition of
proteolic enzymes for coagulum liquefaction [13,15,26].

The observed sperm motility was similar to that re-
ported in other primate species when EEJ was applied. For
instance, it was similar to the findings in fresh semen from
Papio anubis (48%–92%) [34] or from Ateles geoffroyi (w56%)
[32]. However, when the PVS method was applied, sperm
motility was improved in semen collected from Callithrix
jacchus [35] and Macaca mulatta [36], both with 76% and
71% of motility, respectively. Semen pH was similar to the
one reported for S. collinsi (6.5–8.0) [19], A. caraya (8.1) [27],
A. geoffroyi (8.0) [37], and Callithrix jacchus (7.6) [35]. Mean
(� SD), sperm concentration of liquid fraction was similar
to observed in ejaculates collected both by EEJ as by PVS, of
S. sciureus [10,12] and S. boliviensis [15], despite the large
variation between the ejaculates analyzed in this study
(0–965 � 106 sperm/mL).

The percentage of normal sperm (69% S. collinsi, 90% S.
vanzolinii, and 81% S. cassiquiarensis) was superior to that
previously reported in S. sciureus (49%–65%) trypsin-
digested semen [12] and similar to that described for
some Neotropical primates in semen collected by EEJ: S.
collinsi (74.7%) [19] and Sapajus apella (81.7%) [29] after
semen liquefaction in ACP-118, C. jacchus (87.6%) [38], A.
geoffroyi at dry season (73%) [39], A. caraya (78.7%) [27], and
Sapajus apella after semen liquefaction in coconut water
solution (78.2%) or TES-TRIS (83.7%) [30].

Spermatic pathologies observed in that study were
classified according Blom [21], whose classification system
is on the basis of relative importance of the sperm abnor-
mality to fertility. Thus, although the major abnormalities
have been correlated to impaired fertility, minor defects do
not necessarily indicate a disturbance of spermatogenesis,
but nevertheless, could cause a reduction in fertility if they
are present in large proportions within the ejaculate [40].
The highest percentage of major pathologic defect was
observed in S. collinsi (about 8.61%), being a relatively low
value, which do not compromise the use of that semen in
biotechnologies of reproduction.We observed the eccentric
insertion (abaxial) of the middle piece in the posterior
portion of the head in all species, as previously described
for other species of this genus [14]. The number of tail
defects was greater than head defects in this study, as
described in S. collinsi (strongly coiled tail 8.3%, coiled tail
9.3%, and bent tail 7% vs. 0.33% pear-shaped defect) [19],
Sapajus apella (strongly coiled tail 9%, bent tail 11%, and
coiled tail 7% vs. 0 head defects) [29], and C jacchus (50% tail
defects vs. 4.5% head defects) [41].

4.1. Conclusions

Despite the variation between ejaculates’ quality and
number of ejaculates, EEJ yielded satisfactory results, and
these data expand the knowledge of reproductive biology
in male squirrel monkeys. Furthermore, studies in free-
living species during other periods of the year to meet
the seasonal variations of the reproductive physiology are
also necessary. Knowledge on semen characteristics will
support the development of procedures for semen preser-
vation [42] and further fundamental studies on seminal
characteristics within free-living nonhuman primates,
which is extremely important, especially for the conser-
vation of endangered species like S. vanzolinii.
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Supplementary Fig. 1. Pictures from Saimiri collinsi (A) by Tatyana Pinheiro; Saimiri cassiquiarensis (B) by Fernanda Paim; Saimiri macrodon (C) by Sônia Vill; and
Saimiri vanzolinii (D) by Fernanda Paim.
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Supplementary Fig. 2. Distribution of capture sites for Saimiri vanzolinii, Saimiri cassiquiarensis, and Saimiri macrodon. Source: Mamirauá Institute for Sustainable
Development, Remote sensing and geoprocessing group, 2013.
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Supplementary Fig. 3. Amorphous (A) and filamentous (B) coagulated fraction from Saimiri macrodon and Saimiri vanzolinii, respectively, collected by
electroejaculation.

Supplementary Table 1
Hemogram results from Saimiri collinsi males (n ¼ 10).

Parameter Results Reference valuesa

Hematocrit (%) 43.2 � 3.6 44.00 � 0.6
Red blood cells (�106/mL) 07.2 � 0.4 07.1 � 0.1
Hemoglobin (g/dL) 13.9 � 1.2 13.8 � 0.2
Mean corpuscular volume (fL) 59.9 � 2.8 61.9 � 0.6
Mean corpuscular hemoglobin (pg) 19.1 � 1.1 19.4 � 0.2
Mean corpuscular

hemoglobin concentration (%)
31.8 � 1.0 31.5 � 0.2

White blood cells (�103/mL) 11.0 � 4.1 10.5 � 0.6
Platelets (million/mm3) 268 � 93 –

Basophils (%) 0.44 � 0.7 0.0 � 0.2
Eosinophils (%) 01.9 � 0.9 01.0 � 0.2
Neutrophils (%) 51.5 � 11.7 35.0 � 3.2
Lymphocytes (%) 44.1 � 11.2 61.0 � 3.1
Monocytes (%) 02.1 � 1.6 02.0 � 0.3

Values are expressed as mean � standard deviation.
a Source of reference values: Kakoma I, James MA, Jackson W, Bennett

G, Ristic M. 1985. Hematologic values of normal bolivian squirrel monkeys
(Saimiri sciureus): a comparison between wild-caught and laboratory-
bred male animals. Folia Primatologica 44:102 to 107.

Supplementary Table 2
Biochemical analysis of plasma from Saimiri collinsi males (n ¼ 10).

Parameters Results Reference valuesa

Glucose (mg/dL) 108 � 42.4 103 � 30.3
Blood urea nitrogen (BUN; mg/dL) 48.8 � 37.7 38.7 � 10
Cholesterol (mg/dL) 188.3 � 43.0 151 � 64.7
Triglycerides (mg/dL) 72.5 � 40.4 74.9 � 32.7
Creatinine (mg/dL) 0.6 � 0.1 0.9 � 0.2
Total bilirubin (mg/dL) <0.10 0.8 � 0.6
Phosphatase (U/L) 249 � 308 358 � 175
Glutamic oxaloacetic

transaminase (U/L)
190 � 56.6 185 � 95.3

Glutamic pyruvic
transaminase (U/L)

201 � 75.4 184 � 110

Total protein (g/dL) 6.5 � 0.7 6.9 � 1.0
Calcium (mg/dL) 9.7 � 0.9 9.6 � 0.9
Albumina (g/dL) 3.7 � 0.3 4.2 � 0.6
Carbon dioxide 21 11.1 � 3.9
Potassium 3.5 5.7 � 1.0
Thyroxine-binding globulin 2.8 � 0.5 –

Very low density lipoprotein 17.3 � 7.6 –

Ammonia 46.5 � 55.9 –

Phosphorus 5.3 � 0.2 –

Magnesium 2.7 � 0.3 –

Iron 154 � 94.1 –

Values are expressed as mean � standard deviation.
a Source reference values: KCCMR. Michale E. Keeling Center for

Comparative Medicine and Research. [Internet]. Texas: The University
of Texas MD. Anderson Cancer Center. [cited 2014 March 2]. Available
from: http://www.mdanderson.org/education-and-research/departments-
programs-and-labs/programs-centers-institutes/michale-e-keeling-center-
for-comparative-medicine-and-research/animal-resources/squirrel-monkey-
diagnostic-reference-values.html.
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Supplementary Table 3
Body weight per animal, as well as mean (� standard deviation) and range
values of studied males from Saimiri collinsi (n ¼ 13), Saimiri vanzolinii
(n ¼ 10), Saimiri cassiquiarensis (n ¼ 5), and Saimiri macrodon (n ¼ 9)
species.

Individual Weight (grams) Range

S collinsi 868 � 104 705–1125
1 1055
2 740
3 717
4 975
5 915
6 850
7 878
8 782
9 748
10 935
11 845
12 990
13 852

S vanzolinii 818 � 136 580–1055
1 715
2 835
3 1055
4 875
5 860
6 775
7 675
8 905
9 906
10 580

S cassiquiarensis 614 � 44 555–675
1 675
2 605
3 600
4 555
5 635

S macrodon 777 � 170 578–1005
1 720
2 860
3 1000
4 905
5 590
6 615
7 1005
8 578
9 723
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