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ABSTRACT

Communal oviposition remains to be convincingly shown in terrestrial gastropods.
The present study reports data on communal oviposition of a threatened tree snail,
Polymita muscarum, in a Cuban agroecosystem from Yaguajay, Banes municipality, Holguin
province, in a fixed plot of 119 m?. Between 2011 and 2012, we took data on oviposition
site microhabitats, the number of snails/nest and the number of ovipositions/day. We found
communal oviposition involving between two and 20 individuals. Usually the oviposition took
place underground, at the base of trees and shrubs, between the roots. This study indicates the
potential value of understanding behavioral ecology in order to better support conservation
programs.
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RESUMEN

La ovoposicion comunal en los caracoles terrestres no estd demostrada convincentemente.
En el presente trabajo se informan datos sobre la ovoposicion comunal de un caracol arboricola
amenazado, Polymita muscarum, en un agroecosistema cubano, en la localidad de Yaguajay,
municipio Banes, provincia Holguin. En una parcela fija de 119 m?, entre 2011 y 2012, se
tomaron datos de las caracteristicas del microhabitat de las puestas, la cantidad de progenitores/
puesta y el numero de puestas/dia. Se detectdé ovoposicion comunal en grupos formados por
dos y hasta 20 individuos. Usualmente las puestas se realizaron en el suelo, entre las raices de
arboles y arbustos. El registro de puestas comunales muestra el valor potencial del conocimiento
de la ecologia del comportamiento para apoyar apropiadamente los programas de conservacion.

Palabras clave: Stylommatophora, huevos, reproduccion, especie amenazada.

Reproductive strategies are structural, functional or behavioral adaptations that influence the
likelihood of fertilization and/or the number and survival of offspring in specific microhabitats
(Baur & Baur, 2017). Among these strategies, communal oviposition behavior has independently
evolved in different animal groups and takes place when two or more aggregated conspecific
individuals deposit their eggs in the same place (Doody et al., 2009). The adaptive advantages
of this behavior include evasion of predators, social foraging facilitation, and maintenance
of optimal microclimate for embryonic development (Waldman, 1982; Dumont et al., 2008;
Refsnider & Janzen, 2010; Martens, 2012).
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In marine gastropods, communal oviposition is a common and well documented behavior
(Giese & Pearse, 1977; D’Asaro, 1991; Pio et al., 2015; Pittman & Fiene, 2020). However,
communal oviposition in terrestrial gastropods has not been convincingly demonstrated
(Baur & Baur, 2017). In Arianta arbustorum (Linnaeus, 1758) reports exist of aggregated
distribution of clutches (Baur, 1988a, 1988b); simultaneous oviposition of more than one individual
of Orthalicus reses reses (Say, 1830) and Allogona townsendiana (Lea, 1838) in the same burrow
have been noted (Deisler, 1987; Steensma et al., 2009). In addition, Bidart ez al. (1989) assumed
communal oviposition as potential cause of two nests with clutch sizes of more than 100 eggs from
the Cuban endemic tree snail Polymita muscarum (Lea, 1834) in field conditions. Moreover, there
are two records of two P. muscarum individuals ovipositing simultaneously in the same hole, in
captivity (Reyes-Tur & Fernandez, 1998).

The P. muscarum species is a simultaneous hermaphrodite snail with reciprocal spermatophore
transfer during mating (Reyes-Tur & Koene, 2007). Regarding reproductive strategies, its life
cycle is circannual with seasonal reproduction, essentially between September and November
(Diaz-Piferrer, 1962; Bidart, 1997; Bidart ef al., 1998; Reyes-Tur & Ferndndez, 1998). Study of
reproductive biology of P. muscarum is a conservation priority due to its status as a threatened
species, included in the Cuban Invertebrates Red List (Maceira-Filgueira, 2016). Here, we report
data on communal oviposition of P. muscarum in an agroecosystem.

The study took place in a zone characterized by habitat degradation and fragmentation due
to prolonged land use for agriculture (Espinosa, 2011; Gonzalez-Guillén, 2014), specifically
in Yaguajay, Banes municipality, Holguin, northeastern Cuba. The data were taken by direct
observation and pictures in a fixed plot of 17 m x 7 m (119 m?). This plot lies within an
agroecosystem dominated by citrus, but also including guava, banana, and avocado crops.
In this agroecosystem individuals of P. muscarum can be found dispersed in habitats not only at
the edge but also within the plantation. The plot has been shown by previous research to have
improved reproduction of P. muscarum over time, with snails most commonly nesting between
roots of citrus trees. For a more detailed description of the studied plot and methodology
see Reyes-Tur et al. (2018). Observations were made in 2011 (13 days between October and
December) and 2012 (8 days between September and November). Nesting snails were recorded
during surveys of 30 min each hour for 4-24 hours/day, depending on the number of nests
detected. A flashlight was used in the darkest hours. Data on nest microhabitat characteristics,
number of nests/day and number of snails/nest were recorded. When possible, the duration
of oviposition (i.e.: nest construction and egg-laying, n = 2), minimum clutch size estimate
(n=17), and incubation time (n = 3) were recorded. In order to avoid any damage to reproductive
success due to handling and counting eggs or snails, we estimated the clutch size as the number
of eggs visible in pictures taken of nests. In this case, we mainly used pictures of nests from
which snails were already departed; therefore certainty regarding the number of snails/nest
remained unknown (n = 14). Each photo was analysed by ImagelJ which is open-source freeware
(Rasband, 1997). Since it was likely there were some eggs hidden on each picture, we interpreted
the number of eggs/nest as a minimum clutch size estimate.

Mean, standard error and coefficient of variation were calculated for the minimum clutch
size estimate and number of snails/nest. We used the y* (Chi-square) test to compare the
observed frequencies of nesting snails on different microhabitats, and the expected frequencies
if microhabitat use was just random. To this end, microhabitats were distinguished between two
types (i.e.: soil, near roots of trees and shrubs vs vegetation, on trees and shrubs). The number of
snails/nest was compared between years using a Mann Whitney U test. Statistical analyses were
performed using PAST 3.02 (Hammer et al., 2001).
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Oviposition took place during rainy days or the day after, and occurred on vegetation or
on the soil (Table I), inside hollows or cavities excavated by egg-laying prone snails. During
excavation, individuals buried themselves partially or completely in oviposition holes. Though
nests on decaying vegetal material and in fallen leaves were found (Figs. 1, 2), nests on wet soil
were detected in a proportion statistically different (85 %, n = 40) from what would be expected
if microhabitats used for nests were at random (X? = 19.6; p < 0.001). After egg-laying, holes
with eggs inside were typically buried with mucus, wet soil and vegetal material. For each snail,
the oviposition duration varied between 2—7 hours (n = 2).

Table I. Quantitative summary of the oviposition microhabitats used by Polymita muscarum

Time
Oviposition 2011 2012 Total
microhabitats

Vegetation trees and shrubs 4 2 6 (15 %)"
between roots 8 20 28 (70 %)
Soil litter leaves 3 0 3(7.5%)
without leaves 3 0 3(7.5%)

Total 18 22 40

*Parentheses express the percentage of nests in each type of oviposition microhabitat.

13 mm

Figure 1. Oviposition behavior in Polymita muscarum. A, an individual digging for oviposition on decomposed vegetal material.
B, individual laying eggs in a hollow in vegetal material (removed to take the picture). C, communal oviposition of two individuals
between tree roots and fallen leaves. D, communal oviposition of four individuals in the base of a tree. E, communal oviposition of
two adjacent groups with five individuals (left) and seven individuals (right). Their respective cavities were dug jointly between the
roots of a tree. In the group at left a sixth individual tries to incorporate itself to the cavity. F, communal oviposition of 20 individuals
between roots in the base of a tree.
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24 mm

Figure 2. Hydration state of eggs and hatching success of Polymita muscarum. A, nest with more than 400 hydrated eggs in a hollow
within decaying vegetal material. B, well-hydrated eggs within the leaf litter and soil, near tree roots. C, unsuccessful dehydrated
eggs caused by drought. D, newly hatched individuals around the hollow where incubation/embryonic development took place.

In total, 85 snails and 40 nests were surveyed (Table II); in 26 nests we documented the
number of snails/nest (Table II). In 54 % of these 26 nests, 2 or more snails were identified in
the same nest (Table IT), in a substrate surface area varying between 6-50 cm? (i.e.: communal
oviposition). Although 2-3 snails/nest were the most frequent (34 %; n = 26), up to 20 snails/
nest were observed. Multiple snails often crowded into a single nest within a 30 min span.
During communal oviposition we found up to six individuals trying to deposit eggs in the same
cavity jointly excavated by them (Fig. 1). Alternately, in other types of communal oviposition,
common cavities were used but some nesting snails dug their own cavities alongside (Fig. 1).

In 2012, after Hurricane Sandy precipitation, an increase in the quantity and proportion of
communal oviposition occurred in comparison to the previous year (Table II). However, this
inter-annual difference in number of snails/nest was not significant (Mann Whitney U = 55;
p = 0.17). Detection of communal oviposition, including more than five snails/nest, occurred after
Hurricane Sandy in 2012 (Table II), on 25 October (n = 4) and 16 November (n = 1). In total, we
counted 1547 eggs (Table II) and the minimum clutch size estimate was 91 & 22 eggs/nest (n = 17).
For two individual nests, the clutch size varied between 100200 eggs; likewise, clutch sizes
between 250-350 eggs were estimated in a communal nest formed by two snails. Furthermore,
a nest with more than 400 eggs was registered, but the number of snails/nest remained unknown.
The incubation period lasted 1011 days (n = 3); unsuccessful eggs, likely due to dehydration,
remained within the leaf litter and soil (Fig. 2).
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Table II. Quantitative summary of counted eggs, snails observed in oviposition, and snails/nest in
Polymita muscarum

Time
Parameters
2011 2012 Total
Number of counted eggs 817 730 1547
Number of snails observed in oviposition 16 69 85
ISI?:;LS /fzfztmdard error 203 4l
» %, 1 121%, 1
(coeflicient of variation, sample size) (53%, 10) (121%, 16)
unknown 8 6 14
1 6 6 12 (46%)*
2 2 4 6 (23%)
3 2 1 3 (11%)
Snails/nest
communal 6 0 1 1 (4%)
oviposition 7 0 2 2 (8%)
12 0 1 1 (4%)
20 0 1 1 (4%)

*Parentheses express the percentage of nests with known number of ovipositing snails (n = 26).

In P. muscarum, under field conditions, Bidart et al. (1989) registered two nests with more
than 100 eggs, at Las Calabazas, Buenaventura, Holguin, and proposed communal oviposition
as a potential cause. Reyes-Tur and Fernandez (1998) confirmed two nests with more than 100
eggs as a result of communal oviposition by two snails of this species, in captivity. The present
study thus adds confirmation of the suggestion of Bidart et al. (1989) that P muscarum exhibits
communal oviposition in wild habitats, beyond captivity conditions (Reyes-Tur & Fernandez,
1998). In some Polymita species, data on individual clutch size averages have been previously
identified; for P. muscarum, 42—84 eggs (Bidart et al., 1989, 1998; Reyes-Tur & Fernandez,
1998; Reyes-Tur, 2004); P. picta roseolimbata Torre, 1950, 54 eggs (Valdés et al., 1986);
P. venusta (Gmelin, 1786), 61-142 eggs (Bidart et al., 1998; Reyes-Tur, 2004) and P. brocheri
(Gutiérrez in Pfeiffer, 1864), 89 eggs (Rodriguez-Potrony et al., 2020).

Taking into account the relationship between clutch size and natality coefficient
(i.e.: number of hatchings/clutch size) for Polymita species, it has been estimated that a median
minimum clutch size of 18 eggs is necessary in order to guarantee natality of at least two eggs/
nest (Reyes-Tur, 2004). Thus communal oviposition seems to be highly useful when the clutch
size can reach a minimum value in which reproductive profit is superior to the oviposition
investment cost. Communal oviposition could be interpreted as a potentially profitable
strategy to increase reproductive success in species such as P muscarum, with seasonal
reproduction being dependent on rainy days and adequate oviposition microhabitats. Several
authors have noted that the eggs of terrestrial gastropods are preyed upon by various predators
(Barker, 2004; Steensma & Lilley, 2006). Communal oviposition in specific microhabitats could
decrease predation risk during embryonic development and in the early days after hatching, as
has been analyzed in reviews on this subject (Doody ef al., 2009; Refsnider & Janzen, 2010).

In land snails oviposition requires investing in processes of appreciable metabolic cost,
starting from oogenesis until the excavation of cavities (Tompa, 1984; Antkowiak & Chase, 2003).
Consequently, oviposition is limited by the availability of resources and takes place relatively
infrequently. For example, even in the optimal conditions of a breeding farm, only 13 % of the
individuals of Cornu aspersum (Miiller, 1774) laid eggs more than once in a month, and most
(56 %) laid eggs once every three months (Daguzan ef al., 1981).
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In other land snails, such as A. arbustorum from Switzerland, spatial distribution of
oviposition suggests that permanent humidity in microhabitats could exert a strong selective
pressure over the selection of oviposition sites. Consequently, clutch aggregations under field
conditions reflect the heterogeneity of habitats (Baur, 1988a). In the before-mentioned species,
snails laid their own eggs in humid microhabitats, but did not recognize the presence of other
eggs previously laid in the same place. For that reason, the presence of two or more clutches
in the same place did not suggest an active behavior of communal oviposition. Actually, the
eggs of different progenitors laid in the same site constitute a risk because of egg cannibalism
(Baur, 1988b). In contrast to A. arbustorum, P. muscarum showed a strong tendency towards
aggregation in oviposition substrates. Such aggregation levels have not been documented in
any land snail belonging to the Family Cepolidae. Likewise, the possibility of egg cannibalism
in the studied species has been discounted (Bidart et al., 1989, 1998; Reyes-Tur & Fernandez,
1998). Communal oviposition in P. muscarum follows similar patterns to that described in sea
slugs Aplysia spp. (Susswein & Nagle, 2004; Pittman & Fiene, 2020). Curiously, this behavior
has not been explicitly registered in terrestrial gastropods (Baur & Baur, 2017), in spite
of the evidence for the genetic and physiological potential for its occurrence in this group of
gastropods (Stewart et al., 2016). Some differences between aquatic and terrestrial gastropods
should be noted. The former generally lay their eggs on the surface of favorable substrates
(D’Asaro, 1991; Pio et al., 2015; Pittman & Fiene, 2020); on the other hand, terrestrial
mollusks frequently dig or otherwise prepare cavities (i.e. nests) or, at least, invest energy
and time in the preparation of an appropriate holding area for their eggs (Deisler, 1987;
Steensma et al., 2009; Baur & Baur, 2017). Reutilization and/or collective use of oviposition
sites could be interpreted as a way of saving energy consumed in the construction of a
new cavity.

In this paper, the function of intentionally communal oviposition behavior could not be
demonstrated, but the evidence does suggest association with particular microhabitats for
egg-laying. A next step would be to determine whether chemical or other communication is
necessary for aggregation during egg-laying in P. muscarum, similar to Aplysia spp., where
a released pheromone combination acts as a stimulating signal (Cummins & Degnan, 2010).
Another interesting aspect needing further study is the possibility of intraspecific brood parasitism
in P. muscarum, behavior only described among land snails in C. aspersum (Fearnley, 1994).

In conclusion, the detection of communal oviposition in P. muscarum during the reproductive
season for two consecutive years indicates that this behavior was not random. These results
support the potential importance of understanding behavioral ecology and ethodiversity as a tool
in conservation programs (Cordero-Rivera, 2017). Management of communal oviposition could
be a potential source of eggs and hatchlings for captive breeding and reintroduction in case of
extinction of the studied species in particular areas.
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