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Abstract

With the objective to evaluate the reproductive stage in green iguana (/guana iguana) females maintained in captivity in Oaxaca,
Mexico, a total of 137 females were used during six years. Iguanas were fed with concentrate, frijolillo plants (Desmodium infortum)
and tulip flower (Tulipa gesneriana). The females were identified and housed in cages of 30 m2 and were observed. Reproductive
activities such as proestrus, estrus and pregnancy were daily recorded. In the stage of hatching, variables were measured in
eggs that were incubated in styrofoam boxes with relative humidity of 65 to 85% and temperature between 28 to 34°C, and the
newborn were measured after hatching. Results were analyzed with descriptive statistics and canonical correlation analysis using
the Statistical Analysis System. At the beginning of the reproductive season the females weighed 975.9 + 405 g and measured
27.9 + 3.4 cm snout-vent length, with a relative clutch mass of 36.3 + 7.1%, clutch size of 23.5 eggs, hatching success of 64.8%, and
newborn weight of 12.5 £ 2.3 g. The periods of proestrus, estrus, and pregnancy were 85,36.2'y 59.7 days, respectively. The females
weight at the beginning of the reproductive stage, snout-vent length and total were correlated (canonical correlation r = 0.69,
r=0.64 and r = 0.64, respectively) with the number and weight of newborn, indicating the importance of female management
before the breeding season.
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Resumen

Con el fin de evaluar la etapa reproductiva en hembras de iguana verde (lguana iguana) mantenidas en cautiverio, en Oaxaca,
México, se utilizaron 137 hembras, durante seis afos. Se ofrecié alimento concentrado, plantas de frijolillo (Desmodium infortum)
y flor de tulipan (Tulipa gesneriana). Las hembras fueron identificadas y alojadas en jaulas de 30 m2; se observaron y registraron
las actividades reproductivas de proestro, estro y gestacion. En la etapa de eclosion, se midieron las variables de los huevos y
se incubaron en cajas de unicel con humedad relativa de 65% a 85% y temperatura de 28° a 34°C; las crias se midieron después
de la eclosion. Para el andlisis de resultados se utilizo estadistica descriptiva y andlisis de correlacion canénica con el paquete
estadistico SAS. En el inicio del periodo reproductivo, las hembras pesaron 975.9 + 405 g y midieron de longitud hocico-cloaca
27.9 + 3.4 cm, la masa relativa de nidada fue de 36.3 + 7.1%, con tamafo de 23.5 huevos, de los cuales eclosionaron 64.8%; las
crias pesaron 12.5 + 2.3 g. La duracién de proestro, estro y gestacion fue de 85, 36.2 y 59.7 dias, respectivamente. El peso de las
hembras al inicio de la etapa reproductiva, la longitud hocico-cloaca y el total se correlacionaron canénicamente (r = 0.69, r =
0.64 y r=0.64) con el nimero y peso de las crias eclosionadas, lo que indica la importancia del manejo de las hembras antes del
periodo reproductivo.
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Introduction

r l Yhe green iguana (Iguana iguana) is a member
of the reptile family Iguanidae, found from
Mexico to the Tropic of Capricorn, in Paraguay,

and southeastern Brazil, the Caribbean Islands, Pacific
and Caribbean.* In Mexico, it is found from Sinaloa
to Chiapas on the Pacific slope, and from Veracruz
to Quintana Roo on the Gulf side.>>” However, these
iguanids have declined throughout their natural
range®10 because theyare asource of protein for human
populations and are also attributed with medicinal
qualities.!12 That is why studies and programs are
being conducted to restore populations to prevent
their extinction.!314 However, in Oaxaca, Mexico,
many female reproductive traits and their products are
unknown, such knowledge bases will contribute to get
to know the female reproductive variables that affect
their offspring in captivity. According to the above, this
paper analyzes the reproductive traits in the female
green iguana (Iguana iguana), which affect their
offspring, in a unit of management and sustainable use
in Oaxaca, in captivity conditions.

Material and methods

This research was conducted at the Centro de
Conservacion y Reproduccion de Iguanas of the
Universidad del Mar, at km 128.1 of the Carretera
Federal 200, Pinotepa Nacional-Puerto Escondido,
Bajos de Chila, Mixtepec Juquila, Oaxaca, Mexico.
Demarcated at 15° 55' 23.01" N and 97° 09' 05" W,
elevation 12 masl. AWo, the average temperature of
the coldest month is above 18° C and rainfall range of
731.9 to 2054 mm. 15

One hundred and thirty seven female iguanas from
one to ten years of age were used, with a live weight
range of 119.5 to 1 920.0 g, born in captivity and
distributed according to age, in cages with an area of
30 m2 covered with mesh screening and cement floor.
Shade was provided by trees located in and around the
cages.

The nutritional management was the same for
all females, who had free access to food meal of
commercial concentrate: for rabbit, with 18.5% crude
protein (CP), 58.6% neutral detergent fiber (NDF)
and 93.5% dry matter (DM) for laying hens (16.0%
CP, 56.8% NDF and 92% DM) and chickens, 14.9% CP,
58.3% NDF and 94% DM. Plants were also provided,
such as flowers (Tulipa gesneriana, 16.2% CP, 54.1%
NDF and 18.9% DM) and “frijolillo” (Desmodium
infortum) with 19.7% CP, 41.9% NDF and 22.8% DM.
Water was supplied in tanks of 40 x 60 x 30 cm wide,
long and deep. Both water and food were provided
every day by 8:00 am with free access.
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Introduccién

la familia Iguanidae, se distribuye desde México

hasta el Tropico de Capricornio, en Paraguay, y
el sureste de Brasil, en las islas del Caribe, del Pacificoy
Antillas.’ En México se encuentra desde Sinaloa hasta
Chiapas en la vertiente del Pacifico, y desde Veracruz
hasta Quintana Roo enlavertiente del Golfo.*57 A pesar
de ello, estos iguanidos han disminuido en toda su
distribucién natural$10 porque constituyen una fuente
de proteina para la poblacién humana y ademads se les
atribuyen cualidades medicinales.11.12 Por ello se estan
llevando a cabo programas y estudios de desarrollo
para restaurar las poblaciones y evitar su extincion.13.14
Sin embargo, en Oaxaca, México, se desconocen en
gran medida las variables reproductivas de las hembras
y sus productos, dicho conocimiento contribuird con
las bases para conocer las variables reproductivas de
las hembras, que afectan a sus crias en condiciones
de cautiverio. De acuerdo con lo anterior, este trabajo
analiza las variables reproductivas en las hembras de
la iguana verde (Jguana iguana), que afectan a sus
crias, en una unidad de manejo y aprovechamiento
sustentable en Oaxaca, en condiciones de cautiverio.

l a iguana verde (Iguana iguana) es un reptil de

Material y métodos

La presente investigacion se realiz6 en el Centro
de Conservacién y Reproduccion de Iguanas de la
Universidad del Mar, en el kilometro 128.1 de la
Carretera Federal 200, Pinotepa Nacional-Puerto
Escondido, Bajos de Chila, Mixtepec Juquila, Oaxaca,
México. Delimitada a 15° 55° 23.1” Ny 97° 09’ 05”
O, con elevacion de 12 msnm. En clima AWo, la
temperatura media del mes mas frio es superior a
18°C y con rango de precipitacion pluvial de 731.9 a
2 054 mm.15

Se utilizaron 137 iguanas hembras de uno a diez
anos de edad, con rango de peso vivode 119.5a1920.0
g, nacidas en cautiverio y distribuidas, de acuerdo
con la edad, en jaulas con drea de 30 m?2, cubiertas
con malla de criba y piso de cemento. La sombra se
proporcioné por medio de arboles situados dentro de
las jaulas.

El manejo nutricional fue el mismo para todas las
hembras, quienes tuvieron libre acceso a la comida
a base de alimento concentrado de tipo comercial:
para conejo, con 185% de proteina cruda (PC),
58.6% de fibra detergente neutro (FDN) y 93.5% de
materia seca (MS); para gallina de postura (16.0% de
PC, 56.8% de FDN y 92% de MS); y para pollos, con
14.9% de PC, 58.3% de FDN y 94% de MS. También
se les proporcionaron vegetales, como flor de tulipan
(Tulipa gesneriana, 16.2% de PC, 54.1% FDN y 18.9%



The iguanas were evaluated for six consecutive
years considering their reproductive cycle and some
previous studies in the management unit.!¢18 Females
were identified, observed and daily reproductive
activity, during periods of proestrus, estrus and
pregnancy from 8:00 to 18:00 h, were recorded.!819
In the stage of oviposition, eggs were incubated
in styrofoam boxes of 40 x 40 cm/50 cm in height.
Inside the boxes, wet sand (10 cm thick) was used as
substrate incubation, the interior temperature of the
boxes ranged from 28 to 34°C with a relative humidity
of 65%-85%. The eggs, were marked, weighed and
measured, and were reviewed daily until hatching.20
During the hatching period, the chicks were weighed
and measured according to the management system
used by Arcos and Lopez.2!

For the global analysis of the results, descriptive
statistics and canonical analysis were used according
to the age of the females, along with the SAS statistical
package.22 Where linear functions were obtained
which produce the maximum possible correlation, in
other words, the canonical variables were females],
eggsl , females2 and eggs2.

Results

In the period of proestrus female Iguana iguanashowed
an average live weight of 975 g (570.9 to 1 380.5 g),
snout-vent length of 27.9 + 3.4 cm, head length of 5.0
+ 0.7 cm. This period lasted 85 + 17 d. Of all females
tested, 78.4% showed estrus activity with a duration
of intercourse of 5.8 + 1.6 min. The mating period
for females was 36.2 + 8.1 d. Of females that mated,
83.4% were pregnant. After hatching, the females lost
29.1% of their initial weight of the proestrus stage
and mortality in the laying stage was 1.9 + 0.2%. The
gestation period lasted 59.7 + 18.4 d (Table 1).

The variables of the eggs showed that relative
clutch mass (RCM) averaged 36.3 = 7.1%, exceeding
the rate of weight loss of females at hatching; clutch
size of 23.5 eggs (15.1 to 31.9), weight total eggs 401.8
+ 171.3 g, weight and mean egg width of 18.3 g 2.6 +
0.2 g, respectively (Table 1).

The incubation period lasted 78.2 + 10 days. Of the
total eggs laid, 53.2% hatched, but the percentage of
incubated eggs hatched that gave rise to offspring was
64.8, with a birth weight of 12.5 + 2.3 g and snout-vent
length of 7.0 cm (Table 1).

In general, the variables of females in proestrus
were positively correlated with the variables of the
eggs (Table 2); the iguanas live weight was positively
correlated with the total weight of eggs laid (r = 0.74),
snout-vent length to the total weight of eggs (r =0.79),
the total length of females to the total weight of eggs (r
=0.69), and head length to the total weight of eggs (r

de MS) vy frijolillo (Desmodium infortum) con 19.7%
de PC, 41.9% de FDN y 22.8% de MS. Se suministr
agua en estanques de 40 x 60 x 30 cm de ancho, largo
y profundo. Tanto el agua como la alimentacién se
ofrecieron todos los dias por la manana a las 08:00 h
a libre acceso.

Las iguanas se evaluaron durante seis anos
consecutivos considerando su ciclo reproductivo y
algunos estudios previos en la unidad de manejo.1618
Se identific6 a las hembras, se observo y registro
diariamente la actividad reproductiva en los periodos
de proestro, estro y gestacion de 8:00 a 18:00 h.1819 En
la etapa de ovoposicion de las hembras, los huevos
se incubaron en cajas de unicel de 40 x 40 cm, por
50 cm de altura. En el interior de las cajas se utiliz6
arena humeda (10 cm de espesor) como sustrato de
incubacion, la temperatura dentro de ellas fluctué de
28° a 34°C, con humedad relativa de 66% a 85%. Los
huevos, identificados, pesados y medidos, se revisaron
todos los dias hasta la eclosiéon.20 En el periodo de
eclosion, las crias se pesaron y midieron de acuerdo
con el manejo utilizado por Arcos y Lopez.2!

Para el andlisis global de los resultados se utilizo
estadistica descriptiva y andlisis de correlacion
canénica por edad de las hembras, con el paquete
estadistico SAS.2 Donde se obtuvieron las funciones
lineales que producen la maxima correlacién posible,
es decir las variables canonicas hembrasl, huevosl,
hembras2 y huevos2.

Resultados

En el periodo de proestro las hembras de Iguana iguana
mostraron un peso vivo promedio de 975 g (570.9 a
1 380.5 g), longitud hocico-cloaca de 27.9 + 3.4 cm,
longitud de la cabeza de 5.0 = 0.7 cm. Este periodo
duré 85 + 17 d. Del total de hembras evaluadas, 78.4%
presentaron actividad de estro con duracién de cépula
de 5.8 + 1.6 min. El periodo de celo de las hembras
fue de 36.2 = 8.1 d. De las hembras que copularon,
83.4% quedaron gestantes. Después de la eclosion, las
hembras perdieron 29.1% del peso inicial de la etapa
de proestro y la mortalidad en la etapa de postura fue
de 1.9 +0.2%. El periodo de gestacién duré 59.7 + 18.4
d (Cuadrol).

Las variables de los huevos mostraron que la masa
relativa de nidada (MRN) promedio fue 36.3 + 7.1%,
superior al porcentaje de pérdida de peso de las
hembras en la eclosién; tamano de nidada de 23.5
huevos (15.1 a 31.9), con peso total de huevos de 401.8
+171.3 g, peso y ancho promedio de huevos de 18.3 g
y 2.6 + 0.2 g, respectivamente (Cuadro 1).

El periodo de incubacién duré 78.2 + 10 dias. Del
total de huevos puestos, eclosioné 53.2%; sin embargo,
el porcentaje de eclosion de los huevos incubados
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=0.73). Body weight of females at the end of gestation
(BWFG) correlated positively with the total weight
of eggs laid (r = 0.92) and total number of eggs (r =
0.82). The live weight of the females after laying eggs
was positively correlated with the total number of eggs
(r=0.73) and total egg weight (r = 0.78).

The first canonical correlation femalesl and eggsl
was significant (P < 0.001) to 1.0 (r2 = 99.0) (Table
3). In the original variables of female and femalel
canonical variable, it appears that the BWFG has the
highest correlation (r = 0.93), followed by snout-vent
length of proestrus (r = 0.79) and body weight after
oviposition (r = 0.78). As for the original variables
of eggs and their eggsl, canonical variable, the
total weight of eggs laid has the highest canonical
correlation (r = 1.0), together with the total eggs laid
(r = 0.84). The cross correlation between the original
variables of female and eggsl the canonical variable
shows that the BWFG has the highest correlation (r =
0.92), followed by snout-vent length of proestrus (r =
0.79) and body weight after of oviposition (r = 0.78).
The cross-correlation between original variables of
eggs and femalel canonical variable, shows the highest
correlation weight (r = 1.0) and total number of eggs
(r=0.84).

The second canonical correlation females2 and
eggs?2 was significant (P < 0.001), with 0.97 (r2 = 0.97)

que dieron origen a crias fue de 64.8, con peso al
nacimiento de 12.5 + 2.3 g y longitud hocico-cloaca de
7.0 cm (Cuadro 1).

En general, las variables de las hembras en proestro
se correlacionan positivamente con las variables de
los huevos (Cuadro 2); el peso vivo de las iguanas se
correlaciona positivamente con el peso total de huevos
depositados (r = 0.74), la longitud hocico-cloaca con
el peso total de huevos (r = 0.79), la longitud total de
las hembras con el peso total de huevos (r=0.69),yla
longitud de la cabeza con el peso total de huevos (r =
0.73). El peso vivo de las hembras al final de la gestacién
(PVFG) se correlaciona positivamente con el peso
total de huevos puestos (r = 0.92) y namero total de
huevos (r = 0.82). El peso vivo de las hembras después
de la puesta de huevos se correlaciona positivamente
con el ndamero total de huevos (r = 0.73) y peso total
de huevos (r =0.78).

La primera correlacion canénica hembrasl vy
huevosl fue significativa (P < 0.001) con 1.0 (12 =
99.0) (Cuadro 3). En las variables originales de las
hembras y su variable canénica hembrasl, se observa
que el PVFG tiene la correlaciéon mas alta (r = 0.93),
seguida de la longitud hocico-cloaca de proestro (r =
0.79) y peso vivo después de la ovoposicion (r = 0.78).
En cuanto a las variables originales de los huevos y

Cuadro 1

PROMEDIO Y DESVIACION ESTANDAR (DE) DE LAS VARIABLES DE LAS HEMBRAS DE
IGUANA VERDE (Iguana iguana), MANTENIDAS EN CAUTIVERIO, SUS HUEVOS Y CRIAS

AVERAGE AND STANDARD DEVIATION (SD) OF FEMALE VARIABLES, THEIR EGGS AND
OFFSPRING OF THE GREEN IGUANA (/guana iguana) KEPT IN CAPTIVITY

Female variables Average SD Variables of eggs Average SD
Proestrus period (d) 85.0 17.0 Relative mass of the brood(%) 36.3 7.1
Age in proestrus (years) 4.6 1.7 Total egg weight (g) 401.8 171.3
Live weight in proestrus (g) 975.9 405.0 Eggs hatched 19.3 8.0
Snout-vent length in proestrus (cm) 27.9 34 Eggs not hatched 32 5.6
Total length in proestrus (cm) 82.5 16.8 Damaged eggs 1.6 4.6
Head length in proestrus (cm) 5.0 0.7 Total eggs 23.5 8.4
Mating duration (min) 5.8 1.6 Average weight of eggs (g) 18.3 1.6
Live weight at end of gestation (g) 1094.0 410.1 Egg length (cm) 43 0.2
Mating period (d) 36.2 8.1 Egg width (cm) 2.6 0.2
Live weight after laying eggs (g) 692.1 262.0 Incubation period (d) 78.2 10.0
Gestation period (d) 59.7 18.4
Dead females 1.9 0.2 Variables of offspring
Total reproducing females (%) 78.4 23.5 Number of hatched offspring 12.5 7.7
Pregnant females in relation to reproductive (%) 83.4 13.8 Weight (g) 12.5 23
Snout-vent length (cm) 7.0 0.4
Total length (cm) 25.8 1.6
Head length (cm) 1.7 0.1
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CORRELACION ENTRE LAS VARIABLES DE LAS HEMBRAS, HUEVOS Y CRIiAS DE IGUANA

CORRELATION BETWEEN FEMALE VARIABLES, THEIR EGGS AND OFFSPRING OF THE
GREEN IGUANA (Iguana iguana) IN CAPTIVITY

Cuadro 2

VERDE (Iguana iguana) MANTENIDA EN CAUTIVERIO

) Variables of eggs
Variable
RCM | TW| NEH| NENH| NDE | & AW L w

Females
AFP 0.25 0.59 0.48 —-0.06 0.03 0.46 0.05 0.11 0.48
LWFP 0.10 0.74 0.57 0.11 0.15 0.59 0.25 0.10 0.60
SNFP 0.12 0.79 0.57 0.23 0.16 0.73 0.17 —0.07 0.61
TLFP 0.24 0.69 0.61 0.16 —0.04 0.63 0.11 —0.11 0.46
HLFP 0.16 0.73 0.55 0.24 0.05 0.65 0.17 0.03 0.50
DI 0.08 0.16 0.10 —-0.04 0.02 0.11 -0.02 0.13 0.05
LWBO 0.17 0.92 0.64 0.27 0.13 0.82 0.16 -0.02 0.62
LWAO -0.08 0.78 0.49 0.25 0.18 0.73 0.08 0.002 0.55
DF 0.17 0.32 0.25 0.13 0.09 0.36 0.03 -0.23 0.26
Eggs Variables of the offspring

HOY AWY SVYy TLY HLY
RCM 0.38 0.21 0.24 0.25 0.24
™ 0.45 0.66 0.38 0.49 0.46
NEH 0.68 0.41 0.31 0.36 0.37
NENH -0.24 0.07 0.02 0.02 0.06
NDE -0.16 0.12 -0.09 -0.02 -0.07
CS 0.43 0.50 0.26 0.36 0.35
AW 0.36 0.68 0.53 0.60 0.50
L —-0.03 0.42 0.39 0.37 0.30
w 0.31 0.74 0.54 0.64 0.54
Females Variables of the offspring

HOY AWY SVYy TLY HLY
AFP 0.27 0.47 0.30 0.36 0.35
LWFP 0.43 0.61 0.34 0.50 0.46
SNFP 0.36 0.61 0.39 0.54 0.52
TLFP 0.49 0.39 0.16 0.34 0.21
HLFP 0.30 0.65 0.35 0.50 0.52
DI 0.24 0.15 0.05 0.14 0.15
LWBO 0.30 0.61 0.29 0.45 0.44
LWAO 0.22 0.56 0.25 0.40 0.39
DF —-0.02 0.17 0.10 0.12 0.01

Variables of females in proestrus (FP): AFP, age; LWFP, live weight; SVFP, snout-vent; TLFP, total length; HLFP, head length; DI, duration of
intercourse; LWBO, live weight before oviposition; LWAO, live weight after oviposition; DF, dead females. Variables of eggs: RCM, relative clutch

mass; TW, total weight; NEH, number of eggs hatched; NENH, number of eggs not hatched; NDE, number of damaged eggs; CS, clutch size; AW,

average weight; L, Long; W, wide. Variables in the young (Y): HOY, hatched offspring; AWY, average weight; SVY, snout-vent; TLY, total length;

HLY, head length.
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Cuadro 3
CORRELACION ENTRE LAS VARIABLES DE LAS HEMBRAS, HUEVOS Y CRIAS Y SUS VARIABLES
CANONICAS DE Iguana iguana
CORRELATION BETWEEN THE VARIABLES OF FEMALES ,THEIR EGGS, OFFSPRING AND THEIR
CANONICAL VARIABLES OF Iguana iguana

Canonical variables

Original Variables

Femalesla1 Females2v.1 Eggsla Eggs2v Offspring 1
Females
AFP 0.59 0.03 0.59 0.02 0.45
LWFP 0.74 0.33 0.74 0.32 0.69
SNFP 0.79 0.35 0.79 0.34 0.64
TLFP 0.69 0.13 0.69 0.13 0.64
HLFP 0.73 0.26 0.73 0.25 0.63
DI 0.16 —-0.003 0.16 —-0.003 0.30
LWBO 0.93 0.39 0.92 0.38 0.61
LWAO 0.78 0.62 0.78 0.60 0.53
DF 0.32 -0.02 0.32 -0.02 0.07
Canonical Variables
Eggs
Eggslen Eggs2n Femalesl Females2 Offspringe
RCM 0.53 -0.82 0.53 -0.80 0.32
™ 1.00 —0.00 1.00 -0.00 0.72
NEH 0.77 —0.18 0.77 -0.17 0.59
NENH 0.27 0.07 0.27 0.06 0.03
NDE 0.03 0.26 0.03 0.25 0.05
CS 0.84 0.11 0.84 0.11 0.58
AW 0.26 -0.18 0.26 -0.17 0.71
L -0.06 0.11 -0.06 0.11 0.34
W 0.65 0.06 0.65 0.05 0.75
Canonical variables
Offspring
Offspringld. 1 Eggsl Females1d
HOY 0.56 0.47 0.64
AWY 0.93 0.77 0.62
SVY 0.68 0.56 0.39
TLY 0.79 0.65 0.58
HLY 0.69 0.57 0.55

Variables of females in proestrus (FP): AFP, age; LWFP, live weight; SVFP, snout-vent; TLFP, total length; HLFP, head length; DI, duration of
intercourse; LWBO, live weight before oviposition; LWAO, live weight after oviposition; DF, dead females. Variables of eggs: RCM, relative clutch

mass; TW, total weight; NEH, number of eggs hatched; NENH, number of eggs hatched; NDE, number of damaged eggs; CS, clutch size; AW, average
weight; L, Long; W, wide. Variables in the young (Y): HOY, hatched offspring; AWY, average weight; SVY, snout-vent; TLY, total length; HLY, head
length. «First canonical correlation to 1, 12=99.0 (P <0.001). bSecond canonical correlation 0.97, r2=0.97 (P <0.001). 'The females canonical variable

explains 43.4% of standardized variance of the original variables of the eggs. <First canonical correlation 0.8, 2= 0.83 (P <0.01). 'The eggs canonical

variable explains 68.8% of standardized variance of the original variables of the offspring. dFirst canonical correlation 0.82, r2 = 0.85 (P < 0.001).

Females] canonical variables, eggsl, females2, eggs2. "The canonical variable explains 73.1% reproductive females of the standardized variance of

the original variables of the offspring.

(Table 3). As for the original variables of female
and female2 canonical variable, body weight after
oviposition has the highest correlation (r = 0.62). The
original variables and the eggs and eggs2 canonical
variable, show that the RCM is negatively correlated
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su variable canénica huevosl, el peso total de huevos
puestos presenta la mayor correlaciéon canénica (r =
1.0), junto con el total de huevos puestos (r=0.84). La
correlacion cruzada entre las variables originales de las
hembras yla variable canénica huevosl, muestra que el



(r=-0.82). The cross correlation between the original
variables of females and eggs2 canonical variable
indicates that the live weight after oviposition has the
highest correlation (r = 0.60). The cross-correlation
between original variables of eggs and female2
canonical variable, suggests a negative correlation of
the RCM (r = -0.80). The female canonical variable
explains 43.4% of the standardized variance of the
original variables in the productivity of the eggs
analyzed.

There is a positive correlation between the original
variables of the eggs and hatchlings variables (Table
2), the total weight of eggs laid is correlated with the
weight of the offspring (r = 0.66), the number of eggs
laid, with the number hatched (r = 0.68), the average
weight of eggs, with the weight of the offspring (r =
0.68) and total length (r = 0.60), the width of eggs is
correlated with the weight of the offspring ( r = 0.74)
and total length (r = 0.64).

The canonical correlation eggsl and
offspringl was significant (P < 0.01) 0.8 (r2 (Table
3). The variables of the offspring and their canonical
variable offspringl indicate that the weight of the
offspring has the highest correlation (r = 0.93),
followed by the total length (r = 0.78). The cross-
correlation between original variables of eggs and
hatchedl canonical variable shows that the width of
the eggs is higher (r = 0.75) than the total weight of
eggs (r = 0.72). The cross-correlation of the original
variables of the offspring and eggsl canonical variable
indicates that the weight of the offspring has more
influence (r = 0.77) than the total length of offspring
(r = 0.65). The canonical variable relating to eggs
explains 68.8% of the standardized variance of the
original variables of the offspring.

The original variables of females correlated
with the variables of the offspring (Table 2) indicate
that the weight of the offspring is positively correlated
with the variables of the females, as the head length
(r =0.65), snout-vent (r = 0.61), BWFG (r = 0.61) and
body weight of proestrus (r = 0.61). The canonical
correlation femalesl and offspringl is significant
(P <0.001) to 0.82 (r2 = 0.85). The cross correlation
between the original variables of female and offspring1l
variables shows that the weight before proestrus is
higher (r = 0.69), followed by snoutvent length of
females (r = 0.64) and total length females before
the breeding period (r = 0.64). The cross-correlation
between original variables of offspring and the
variable femalel shows that the number born is higher
(r=0.64), followed by the weight of the offspring (r =
0.62). The canonical variable femalesl explains 73.1%
of the standardized variance of the original variables
of the offspring.

PVFG tiene la correlacion mas alta (r = 0.92), seguida
por la longitud hocico-cloaca del proestro (r=0.79) y
el peso vivo después de la ovoposicién (r = 0.78). La
correlacion cruzada entre las variables originales de
los huevos y la variable canénica hembrasl, muestra la
correlacion mas alta en el peso (r=1.0) y nimero total
de huevos (r = 0.84).

La segunda correlacion canénica hembras2 vy
huevos2 fue significativa (P < 0.001), con 0.97 (r2=
0.97) (Cuadro 3). En cuanto a las variables originales
de las hembras y su variable canonica hembras2, el peso
vivo después de la ovoposicion tiene la correlacion mas
alta (r = 0.62). Las variables originales de los huevos y
su variable canénica huevos2, muestran que la MRN se
correlaciona negativamente (r =—-0.82). La correlacion
cruzada entre las variables originales de las hembras
y la variable candnica huevos2, indica que el peso
vivo después de la ovoposicion tiene la correlacion
mas alta (r = 0.60). La correlacion cruzada entre las
variables originales de los huevos y la variable canénica
hembras2, sugiere correlaciéon negativa de la MRN (r
=-0.80). La variable canénica hembras explica 43.4%
de la varianza estandarizada de las variables originales
de la productividad de los huevos analizados.

Existe correlacion positiva entre las variables
originales de los huevos y las variables de las crias
(Cuadro 2), el peso total de huevos puestos se
correlaciona con el peso de las crias (r = 0.66); el
numero de huevos incubados, con el numero de crias
eclosionadas (r=0.68); el peso promedio de los huevos,
con el peso de las crias (r = 0.68) y su longitud total (r
=0.60); el ancho de huevos se correlaciona con el peso
de las crias (r = 0.74) y la longitud total (r = 0.64).

La correlaciéon canénica huevosl y criasl fue
significativa (P < 0.01), con 0.8 (r2 = 0.83) (Cuadro 3).
Las variables de las crias y su variable canénica criasl
indican que el peso de las crias tiene la correlaciéon mas
alta (r = 0.93), seguida de la longitud total (r = 0.78).
La correlacion cruzada entre las variables originales de
los huevos y la variable canénica criasl, muestra que el
ancho de los huevos es superior (r = 0.75) al peso total
de huevos (r = 0.72). La correlacion cruzada de las
variables originales de las crias y la variable canénica
huevosl indica que el peso de las crias influye mas (r
=0.77) que la longitud total de las crias (r = 0.65). La
variable canoénica referente a los huevos explica 68.8%
de la varianza estandarizada de las variables originales
de las crias.

Las variables originales de las hembras correla-
cionadas con las variables de las crias (Cuadro 2)
indican que el peso de las crias se correlaciona
positivamente con las variables de las hembras, como
la longitud de la cabeza (r = 0.65), longitud hocico-
cloaca (r = 0.61), PVFG (r = 0.61) y peso vivo del
proestro (r = 0.61). La correlacién canénica hembrasl
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Discussion

The variables of proestrus in the female Iguana iguana,
such as growth and weight are important, since
reptiles grow throughout their life;? this is confirmed
to be a major characteristic reported by Pinacho,!8
who used the same females in a similar experiment
under the same conditions, but using females with a
maximum age of 7.5 years. However, the iguanas of
this study were smaller than green iguanas captured in
Michoacan, Panama, Nicaragua'éand Florida,2t (31.5 +
3.9 cm) in terms of wildlife and without management,
which recorded the weight and snoutvent length
and reproductive variables. The mating period was
similar to another study in captivity Iguana iguana,'s
indicating that the deposition of semen into the female
reproductive tract is rapid.

Body weight of females at the end of gestation has a
significant impact on the total weight of eggs laid, even
the weight of females at the beginning of the estrus
cycle may indicate the optimal time of breeding, as in
domestic species, where body condition is used.!8

Snout-vent length of females during proestrus
influences the total weight of eggs, because iguanas’
longitudinal growth is faster than the weight gain
during the first five years of age;? this study had many
iguanas less than five years old, and in the same way, the
length of the iguanas is influenced by environmental
conditions, nutrition and management system.26.27

In relation to the weight of the iguanas at
the beginning of proestrus, poor energy storage
for reproductive processes can lead to improper
development of offspring and unfertilized eggs,?
which are distinguished by having soft shells.2?

It is believed that infertile eggs deposited by
leatherback turtles (Dermochelys coriacea) have this
characteristic which functions as a distraction from
predators, provides thermal protection and prevention
of nest collapse; soft shells enable gas exchange
and prevent deformation of embryos.?3! Elsewhere
under controlled conditions, it is mentioned that the
infertile eggs of the black lizard (Ctenosaura pectinata),
remaining in artificial nests, occasionally cause
contamination and spoilage of fertile eggs,2! indicating
that the infertile eggs of the Iguana iguana did not
have many advantages of adaptation; it does, however,
represent a reproductive disadvantage because it
reduces the number of offspring at birth.

Although the duration of intercourse is not
correlated with the variables of the eggs, the mating
processisimportantfor the physiology of reproduction;
it is wise to observe that reproductive system of female
iguanas is divided and the female copulates on both
sides of the reproductive tract?!32 as this may affect
fertilization and egg development. It is reccommended
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y criasl es significativa (P < 0.001) con 0.82 (r2=0.85).
La correlacion cruzada entre las variables originales de
las hembras y las variables criasl muestra que el peso
vivo antes del proestro es superior (r = 0.69), seguido
por la longitud hocico-cloaca de las hembras (r =
0.64) y la longitud total de hembras antes del periodo
reproductivo (r = 0.64). La correlacion cruzada entre
las variables originales de crias y la variable hembrasl
muestra que el namero de crias nacidas es superior
(r = 0.64), seguido por el peso de las crias (r = 0.62).
La variable canénica hembrasl explica 73.1% de la
varianza estandarizada de las variables originales de las
crias.

Discusion

Las variables del proestro en las hembras de Iguana
iguana, COMO crecimiento y peso, son importantes
puesto que los reptiles crecen durante toda su vida;2?
esto se corrobor6 al resultar mayores las caracteristicas
de lo informado por Pinacho,’® quien utilizé las
mismas hembras en un experimento similar, bajo
las mismas condiciones, pero usando hembras con
edad maxima de 7.5 anos. A pesar de ello, las iguanas
del presente estudio fueron mas pequenas que las
iguanas verdes capturadas en Michoacdn, Panama,
Nicaragualé y Florida,2t (31.5 + 3.9 cm) en condiciones
de vida silvestre y sin manejo, donde se registro el
peso y la longitud hocico-cloaca y algunas variables
reproductivas. El periodo de cépula fue similar con
otro estudio en cautiverio con Iguana iguana,’s lo que
indica que la deposicién del semen hacia el aparato
reproductivo de las hembras es rapido.

El peso vivo de las hembras al final de la gestaciéon
influye de manera importante en el peso total de
huevos depositados, incluso el peso de las hembras al
inicio del ciclo estral puede ser indicativo del momento
6ptimo de servicio, como en las especies domésticas,
donde se utiliza la condicién corporal.!8

La longitud hocico-cloaca de las hembras durante
el proestro influye en el peso total de huevos, pues el
crecimiento longitudinal en iguanas es mas acelerado
que la ganancia de peso hasta los cinco anos de edad;?
en este estudio la mayor cantidad de iguanas tuvo edad
menor a cinco anos, de la misma manera en la longitud
de las iguanas influyen las condiciones ambientales, la
nutricion y el sistema de manejo.26:27

En relaciéon con el peso de las iguanas al inicio
del proestro, la deficiente acumulacion de energia
para los procesos reproductivos puede ocasionar un
inadecuado desarrollo de crias y huevos infértiles,2 los
cuales se distinguen por poseer cascara suave.??

Se cree que los huevos infértiles depositados por
tortugas baula (Dermochelys coriacea) tienen como funcion
la distracciéon contra depredadores, amortiguamiento



to take into account the nutrient consumption of
iguanas in the wild, in order to provide adequate food
in the gestation period in captivity?* and maintain the
development of eggs in the abdominal cavity.

Hatching success was lower than that recorded by
Alvarado et al.,'6 and the low hatching rate may be due
to some bad eggs which were calcified, although a few
clutches (5%) in the present study recorded 100%
hatching success in nests with good calcification.
Other possible causes are the temperature and relative
humidity of incubation, since the temperature used
in the management unit was higher than suggested,
which is close to 30°C.2

In this study, the average weight of breeding iguanas
in captivity was less than in other iguana studies of the
same species in the wild;!¢ In spite of this, the average
weight of eggs laid was higher in captive iguanas,
which is suggested as possible causes of mortality in
captive iguanas at the time of oviposition. However,
clutch size was higher in wild iguanas in Colombia,
with 29.4 eggs.3t

The clutch size increases in direct relation to body
size of the mother35%7 and is limited by the length
of the abdominal cavity.®» There are studies that
contradict this,!6.1829 possibly because there are fast-
growing iguanas,3® whose size does not coincide with
chronological age,* and can cause a reduction in
number of eggs in primiparous females in relation to
multiparous females, as in domestic species.*0

Information similar to this study suggests that the
average weight of eggs does not correlate with the size
or the weight of the female.14193541 Pinacho!® found
that female age is directly proportional to the number
of eggs hatched, however, there is greater correlation
between the weight before oviposition and the total
length of the iguanas, for the number of eggs hatched.

The clutch size#? is an important parameter in
the reproductive strategy, it is used as a measure of
reproductive effort, which represents the fraction of
the total energy of the female-oriented play.1341 Vitt
and Congdon® reported that the RCM corresponds to
the percentage of the weight of the brood in relation
to the combined weight of mother and brood. Rand3
recorded a value of 30.3% of RCM for a population
of green iguanas in a humid habitat, while Fitch and
Henderson#! exhibited that the relative clutch weight
is about 22% of the primiparous mother's body and
increases to almost 28% in multiparous iguanas.

It is known that the relative reproductive effort in
a species must increase with age, to the extent that
an older animal will have to exert more for future
reproductions.# Although in this study the results were
different, as the RCM decreases with increasing live
weight after oviposition. It is suggested to evaluate the
nutritional management before proestrus, estrus and

termal y prevencién de derrumbes en los nidos;
ello permite el intercambio gaseoso y previene la
deformaciéon de embriones.?03 En otro trabajo en
condiciones controladas, se menciona que los huevos
infértiles de iguana negra (Clenosaura pectinata), al
permanecer en nidos artificiales, ocasionan que se
contaminen y echen a perder los huevos incubados,?!
lo que indica que los huevos infértiles de Iguana iguana
no poseen grandes ventajas de adaptacién, en cambio
representan una desventaja reproductiva, ya que
disminuye el ndmero de crias al nacimiento.

Aunque la duracién de la cépula no se correlaciona
con las variables de los huevos, el proceso de
apareamiento es importante para la fisiologia de la
reproduccion; hay que vigilar que la hembra copule en
ambos lados del aparato reproductor, ya que el aparato
reproductivo de las hembras de iguanas es dividido
2132y puede afectar la fecundacion y desarrollo de los
huevos. Se recomienda tomar en cuenta el consumo
de nutrimentos de las iguanas en vida libre, con el fin
de ofrecer una alimentacién adecuada en el periodo
de gestacion en cautiverio,’ y mantener el desarrollo
de los huevos en la cavidad abdominal.

El éxito de eclosion fue menor que el registrado
por Alvarado et al.,'6 la baja tasa de eclosion tal vez se
debi6 a que algunos huevos estaban mal calcificados,
aunque en algunas nidadas (5%) del presente estudio
se registro éxito de eclosién de 100% en los nidos con
buen estado de calcificacion. Otras posibles causas son
la temperatura y la humedad relativa de incubacién, ya
que la temperatura utilizada en la unidad de manejo
fue mayor a la sugerida, que es cercana a 30°C.20

En este estudio, el peso promedio de iguanas
reproductivas en cautiverio fue menor que en otros
trabajos de iguanas de la misma especie en vida
silvestre;!6 a pesar de ello, el peso medio de los huevos
depositados fue mayor en las iguanas en cautiverio, lo
cual se sugiere como posible causa de mortalidad en
las iguanas cautivas en el momento de la ovoposicion.
No obstante, el tamano de nidada en iguanas silvestres
fue mayor en Colombia, con 29.4 huevos.3

El tamano de nidada se incrementa en relaciéon
directa con el tamano corporal de la madre35%7 y
se limita por el espacio de la cavidad abdominal.3s
Existen estudios que contradicen lo anterior,!6.1820
posiblemente porque hay iguanas con crecimiento
rapido,® que no coincide con la edad cronolégica,3
y que puede ocasionar que la cantidad de o6vulos
liberados sea menor en las hembras de primera
postura, en relacién con hembras de mds de una
postura, asi como en las especies domésticas.4

Informacién similar al presente estudio sugiere que
el peso promedio de huevos no se correlaciona con el
tamano ni con el peso de la hembra.1419.3.41 Pinacho!s
encontr6 que la edad de la hembra es directamente
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in the maintenance of the pregnant uterus, and divide
it into stages as in species of zootechnical interest,* to
improve the reproductive parameters.

Egg width, total clutch weight and mean weight
of eggs, impact on the weight and total length of
the offspring, indicating the importance of selecting
the eggs for hatching. Wiewandt” mentions that
the result of depositing a few eggs of higher weight
results in the production of fewer offspring, which
has two important consequences: a) larger eggs have
a lower ratio of surface area to volume and are less
susceptible to desiccation, and ) the larger the brood
born, the greater the diversity of plants which can be
used as fodder, and are also probably less susceptible
to predation.

Snout-vent length of the young offspring was similar
to another study,® but higher than in the offspring of
Curacao and Colombia,!¢ which is related to egg size.

Body weight of females in proestrus period and
their snoutvent length influence the number and
weight of hatchlings. Pinacho!® described that as a
female’s age increased, so did the number of hatched
offspring, also weight and snoutvent length of the
hatchlings is higher in those from older females.

It was concluded in this study that relative clutch
mass decreases as the iguanas get older. The weight of
female green iguana (Iguana Iguana)at the start of the
reproductive cycle in the stage of proestrus, is the most
important variable as an indicator of reproductive
efficiency of the species, which is reflected in clutch
size and weight of offspring at birth, so it is essential
to determine the optimal weight of females, for
maximum production of offspring.
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