BIOTA COLOMBIANA

ISSN impreso 0124-5376
ISSN digital 2539-200X
DOI 10.21068/c001

I'NSTITUTO
/]

TS
N

o
HUMBOLDT

First record of predation by Notonecta
melaena Kirkaldy, 1897 (Insecta:
Notonectidae) on Procambarus clarkii (Girard,
1852) (Decapoda: Cambaridae)

Primer registro de depredacion por Notonecta melaena
Kirkaldy, 1897 (Insecta: Notonectidae) sobre Procambarus
clarkii (Girard, 1852) (Decapoda: Cambaridae)

Fredy Palacino-Rodriguez (=) & 2°

Andrea Penagos-Arévalo () ©

a Seccion Etologia, Facultad de Ciencias, Universidad de la Republica, Montevideo, Uruguay
b Grupo de Investigacion en Odonatos y otros Artropodos de Colombia y el Neotrépico (GINOCO), Colombia

Recibido: diciembre 11, 2023
Aceptado: septiembre 2, 2024
Publicado en linea: enero 20, 2025

https://doi.org/10.21068/2539200X.1231

Abstract

This work documents the predation of the crayfish Procambarus clarkii (Girard, 1852) (Decapoda: Cambaridae) by
the backswimmer Notonecta melaena Kirkaldy, 1897 (Insecta: Notonectidae) for the first time. The two species were
observed coexisting at the Club Nautico El Mufia reserve in the eastern range of the Colombian Andean region. The
predatory potential of N. melaena on juvenile P. clarkii was tested under captivity conditions. Individuals of N.
melaena were isolated in plastic containers using drinking water. Body lengths of predator and prey specimens were
measured, and the time spent on each predation event was registered. Ten individuals of N. melaena preyed upon
150 individuals of P. clarkii. Prey consumption ranged from 29 to 182 min (108.64+45.74). This information serves
as the foundation for future studies aimed at determining prey preferences and predation rates in N. melaena, which
can be used in biological control strategies against P. clarkii in Andean ecosystems.
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Resumen

Este trabajo documenta por primera vez la depredacion del cangrejo de rio Procambarus clarkii (Girard, 1852)
(Decapoda: Cambaridae) por Notonecta melaena Kirkaldy, 1897 (Insecta: Notonectidae). Estas dos especies
coexisten en la reserva Club Nautico El Mufia en la cordillera oriental de la regién Andina colombiana. El potencial
depredador de N. melaena sobre estadios juveniles de P. clarkii fue probado en cautiverio. Individuos de N. melaena
fueron aislados en recipientes plasticos usando agua potable. La longitud corporal fue medida para depredadores y
presas, y se registré el tiempo empleado en cada evento de depredacién. Diez individuos de N. melaena depredaron
sobre 150 individuos juveniles de P. clarkii. Las presas fueron consumidas en un rango de tiempo de entre 29 y 182
min (108,64 + 45,74). Esta informacion sirve como base para futuros estudios centrados en determinar preferencias
alimenticias y tasas de depredacion por N. melaena, y el disefio de estrategias de control bioldgico de P. clarkii en

ecosistemas andinos.

Palabras clave: insecto, especies invasoras, depredador, presa, biodiversidad dulceacuicola.

Introduction

After habitat destruction, invasion of exotic species is
the second most important factor associated with
species extinction worldwide (Everett, 2000).
Intentional or accidental species translocation leads
to the establishment of invasive species and causes
negative effects on native biodiversity because: 1)
populations of introduced alien species can increase
uncontrollably due to the lack of predators and
parasites; 2) introduced alien species can be
voracious predators, causing reductions or even
disappearance of native species populations; and 3)
introduced alien species could carry microscopic
organisms, including pathogens and lethal parasites,
that are harmful to native species (Kolar & Lodge,
2001). For these reasons, invasive alien species
represent a significant threat to biodiversity and the
functioning of aquatic ecosystems (Lodge et al.,
2000).

One of the most well-known invasive freshwater alien
species is the red swamp crayfish Procambarus clarkii
(Girard, 1852) (Decapoda: Cambaridae), a species
native to northeastern Mexico and southern USA,
introduced to all continents (except Antarctica and
Oceania) and considered the most cosmopolitan
freshwater crayfish species globally (Oficialdegui et
al., 2020). P. clarkii is a generalist omnivore species
that feeds on plant and animal detritus, macrophytes,

mollusks, annelids, nematodes, flatworms, tadpoles,
juvenile fish, and insects (Gutiérrez et al., 1998;
Parkyn et al., 2001; Correia, 2002; Buck et al., 2003;
Cruz & Rebelo, 2005). Its natural predators include
fishes, birds, and some mammals (Gonzalez et al.,,
2022). Small juvenile crayfish are especially
vulnerable to potential insect predators such as
odonates, coleopterans and hemipterans (Ulikowski
et al, 2018).

P. clarkii shows an alternated cyclic dimorphism of
sexually active and inactive periods during its
lifecycle. After hatching, young individuals experience
metamorphosis, followed by at least two weeks of
voracious eating. Egg production is completed within
six weeks, incubation and maternal attachment
occurs within three weeks, and maturation can occur
in eight weeks or more (Huner & Barr, 1991). Amer et
al. (2015) showed that P. clarkii has 13 post-
embryonic stages distinctly characterized by
morphological and color changes, associated with
increases in their total length at each stage. A
summary of the information provided by Amer et al.
(2015) is shown in Table 1.

P. clarkii negatively impacts habitats (Savini et al.,
2010). Investigations report intensive predation,
herbivory, pathogen transmission, alterations in
habitat  functions, competition, community
dominance, and food web alteration (Souty et al.,
2016), as well as modifications to ecosystem
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dynamics, socioeconomic damage to rice fields and
disturbances to macrophyte communities by
consumption and fragmentation (Twardochleb et al.,
2013; Carreira et al., 2014). P. clarkii populations can
become overabundant, predating intensely and
decreasing the abundance and diversity of aquatic
plants and animals in freshwater habitats (Maezono
& Miyashita, 2004). This species can also degrade
riverbanks, causing erosion and increasing water
turbidity with its burrowing activity (Souty et al.,,
2014), as has been reported in the Cauca River and
Colombian crop areas (Flérez & Espinosa, 2011).

Table 1. Summary of characteristics for post-embryonic

stages of Procambarus clarkii.

Post-embryonic Duration Total length
stages (days) (average in mm)

1 <1 2.32
2 1 3.48
3 5 6.5

4 7 8.76
5 7 10.28
6 14 11.2
7 10 12.8
8 11 14.63
9 12 15.32
10 14 18.02
11 15 20.4
12 15 21

13 15 25.33

Notes. Source: Amer et al. (2015).

P. clarkii was introduced in Colombia in 1985 as an
experimental species for commercial purposes in
Valle del Cauca (Gutiérrez et al., 2012). In 1988 it was
accidentally dispersed to other localities, drained by
the Cauca River (Flérez & Espinosa, 2011). First
records in the Bogota savannah date as early as 2004,
specifically in an artificial lake between Bogota and
the municipality of Bricefio. The actual distribution of
P. clarkii in Colombia includes several localities in
Boyacd, Cundinamarca and Valle del Cauca (Gutiérrez
et al.,, 2012; Pachdon & Valderrama, 2018; Arias &
Pedroza, 2018). According to Camacho et al. (2021),
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areas for this species in Colombia (predicted by niche
modeling) are located in various ecosystems, such as
tropical forests, basal forests, riparian forests and
savannahs in the departments of Magdalena, Cesar,
Cérdoba, Atlantico, Arauca, Casanare, Meta and
Vichada.

Heteropterans (Insecta: Hemiptera) of the infraorder
Nepomorpha are diverse in aquatic ecosystems of the
eastern Colombian Andes, including backswimmers
of the genera Notonecta Linnaeus, 1758 and Buenoa
Kirkaldy, 1904 (PadillaGil, 2019) (Nepomorpha:
Notonectidae). Some species of these genera
consume large amounts of mosquitos (Hoyos et al.,
2014), other insects and their larvae, small
crustaceans, copepods, annelids, mollusks, fish
larvae, and frog tadpoles (Ahlgren et al., 2011;
Diéguez & Gilbert, 2003; Florencio et al., 2012). The
predator-prey relationship between these insects and
small stages of decapods has also been recorded in
ponds where shrimps are reared for commercial
purposes in the Colombian Pacific (Padilla, 2014).

Notonecta are voracious predators, rapidly locating
and capturing their prey using their sight and water
vibrations (Papacek, 2013). Attacks by Notonecta
individuals have shown negative effects on the
growth and morphology of juvenile crayfish species
such as Pacifastacus leniusculus (Dana, 1852) and
Orconectes virilis (Hagen, 1870) (Dye & Jones, 1975;
Hirvonen, 1992). Furthermore, negative effects on
the survival of the crayfish Astacus leptodactylus
(Eschscholtz, 1823), due to predation by Notonecta
have been documented (Ulikowski et al., 2018).

Notonecta melaena Kirkaldy, 1897 has been reported
from Mexico, El Salvador, and highland ecosystems in
the eastern range of the Colombian Andean region
(Hungerford, 1933; Davis, 1964; Padilla, 1994). Its life
cycle lasts between 100 and 120 days (egg, five
nymphal instars and the adult stage), and it is very
abundant in aquatic habitats of the eastern
Colombian Andean waters, where it predates on
small crustaceans, mosquito larvae, snails, and
amphipods (Padilla, 1994).
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Despite both being common species, little is known
about their trophic relationship. P. clarkii juveniles
and N. melaena nymphs and adults occupy similar
amphibiotic habits and microhabitats, making
predator-prey encounters highly possible, yet difficult
to observe. During this research, individuals of N.
melaena and small immatures of P. clarkii were
observed near the water’s edge of the Tominé dam at
the Club Nautico El Muia reserve, which led to a
preliminary hypothesis about the potential predation
of N. melaena on P. clarkii juveniles. This report aims
to contribute to fill the knowledge gaps regarding the
natural enemies of P. clarkii in natural environments
of the tropical Andean region by describing the
predation of N. melaena in its juvenile stages.

Materials and methods

Agquatic fauna surveys were conducted between May
and June 2023 in the Club Nautico El Muiia reserve in
the Tominé dam, Sesquilé municipality,
Cundinamarca department, within the eastern
mountain range of Colombia (05°00’ 24.2” N, 73° 48’
30.2"” W, 2600 m). The locality revealed a low species
richness (10 spp.), but high abundances of the red
swamp crayfish P. clarkii and the backswimmer N.
melaena. This section of the Tominé dam is
influenced by the sub-Andean forest and a variety of
introduced plants (Palacino-Rodriguez et al., 2023),
and it is possible that P. clarkii is currently having a
negative impact on the aquatic diversity. N. melaena
and P. clarkii coexist in submerged grass at depths of
less than 20 cm, near the water’s edge.

Individuals of N. melaena and P. clarkii were collected
using an aquatic insect net and deposited in 2 L plastic
boxes containing water from the locality. Individuals
were then transported to a laboratory. Each N.
melaena individual was isolated in 200 mL plastic
containers containing drinking water, 21+1 °C,
L12:D12 photoperiod, and ca. 300 lux. Each container
was labeled with a unique number. P. clarkii
individuals were identified using characters of the
first pleopod, chelae and cephalic process (Eversole,
2004). N. melaena individuals were sexed observing
the gonapophysis in females and the genital capsule
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in males (Padilla, 1994). Body length of predator and
prey specimens was measured with a micrometer
attached to a 20X zoom binocular microscope. Time
spent on each predation event was also registered.
During five days, five males and five females of N.
melaena were fed on fifteen occasions with one
juvenile P. clarkii individual each. To provide a
continuous food supply, individual preys were
provided continuously. When a predator finished one
prey, another prey was immediately provided, and
the water was changed.

Results

N. melaena individuals ranging in size from 9.62 to
11.63 mm (10.59+0.73) preyed on 150 P. clarkii
individuals ranging in size from 7.9 to 17 mm
(11.9242.86) (Figure 1). Prey consumption lasted 29
to 182 min (108.64+45.74). After the preys were
killed, they were released and sank to the bottom of
the container. After several minutes (5-15 min) N.
melaena individuals swam to the bottom of the
container to grab the dead prey (or parts of it) and
continued its consumption. Subsequently, the prey
was released. These activities continued until the
prey was fully consumed. All prey items supplied to N.
melaena were consumed.

Discussion

P. clarkii was first recorded from high Andean
ecosystems in 2004 (Campos, 2005). However,
research about its impact on biodiversity, behavior,
and potential native enemies is currently inexistent.
Only a single event of the mammal Didelphis pernigra
J. A. Allen, 1900 predating P. clarkii in the eastern
Andes has been reported (Gonzalez et al., 2022).
Therefore, this marks the first recorded instance of an
aquatic insect preying on P. clarkii in the Andean
region.

However, for species like P. clarkii, rapid population
growth, parental care and resource competitiveness
intensify their impact as consumers, exerting
significant pressure on the ecosystems they invade
(Gherardi & Acquistapace, 2007). To counteract these
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Figure 1. Predation on the swamp crayfish Procambarus clarkii by the backswimmer Notonecta melaena in laboratory

conditions.

effects, strategies such as population restoration of
natural predators (like fish) and intensive trapping
have proven to be effective in reducing the size of
invasive crayfish populations (e.g., Hein et al., 2006;
Aquiloni et al., 2010). Native predators could help
control the abundance of introduced prey without
causing negative effects on trophic cascades. In
natural environments, juvenile crayfish begin to feed
independently after their second juvenile stage, with
the end of maternal care (Kozak et al., 2015). During
this period, the potential pressure from predators
such as Notonecta is thought to be limited. However,
under captive conditions, juvenile crayfish lacking the
protection of their mothers in a small area and at

shallower depths made possible for Notonecta to
search and trap juvenile crayfish at the bottom (Kozak
et al., 2015). In fact, insect predators have been
employed in biological control because their shorter
life cycles result in fluctuations in population density
in response to changes in the population sizes of their
prey (Pijnakker et al., 2020).

Since populations are not homogeneous, most
species undergo size variations during their ontogeny,
resulting in the coexistence of different size classes
within prey and predator populations (Rudolf, 2008).
This is the case for both N. melaena (predator) and P.
clarkii (prey). N. melaena are predators advantageous
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to their environments due to their ability to feed on a
variety of prey and switch types of prey as one
becomes more abundant, generating a sigmoid
functional response that starts slowly and then
increases rapidly until slowing again at high prey
numbers (Weseloh & Hare, 2009). Although the
predation rate in this specific predator-prey
interaction is unknown, data show that fifth instar
nymphs and adults of N. melaena consume at least
three P. clarkii individuals between stages 4 and 12
each day.

Given that prey density and predation rates depend
on prey handling time and attack rate (Bystrom &
Garcia, 1999), a reduced density for stages 4-12 (and
possibly latter stages) of P. clarkii in this locality is
expected due to high predation rates by N. melaena.
Consequently, population densities for other species
in this habitat could be less affected due to predation
by P. clarkii. A recent study showed that removing
young stages of the habitat may be essential for
achieving effective control of invasive populations of
P. clarkii (Garcia-de-Lomas et al., 2020). These and
other topics related to the trophic cascade will be
focused on future research.

In conclusion, N. melaena is a voracious predator on
several P. clarkii stages, consuming several preys per
day. Although our data derives from experimental
study in the laboratory, the proximity of these species
in natural conditions, sharing the same microhabitats,
suggests increased opportunities of encounters
between prey and predator. This information will
serve as the foundation for future studies, enabling us
to understand prey preferences and predation rates
of N. melaena.

Acknowledgments

We thank the anonymous reviewers and editor for
their careful reading and their insightful comments
and suggestions to improve this manuscript. We
thank Diego A. Palacino Penagos and Ivan Andrés
Saavedra for their support during the field phase. We
are grateful to the Club Nautico El Mufa board;
Alfredo Carlo Amore Pardo, Santiago Rojas, and

First record of predation by Notonecta melaena Kirkaldy

Camilo Andrés Lépez, for authorizing our research in
the Club Nautico El Muia protected area. We thank
the Research Group on Odonata and other
arthropods in Colombia and the Neotropics for their
academic support.

References

Ahlgren, J., ,&bjérnsson, K., & Bronmark, C. (2011).
The influence of predator regime on the
behaviour and mortality of a freshwater
amphipod, Gammarus pulex. Hydrobiologia,
671(1), 39-49. https://doi.org/10.1007/s10750-
011-0702-8

Amer, M., El-Sayed, A., Zahkouk, S., Al-Damhougy, K.,
& Ghanem, M. (2015). Egg incubation and post-
embryonic development in the red swamp
crayfish Procambarus clarkii from the River Nile,
Egypt. International Journal of Advanced
Research, 3, 281-289.

Aquiloni, L., Brusconi, S., Cecchinelli, E., Tricarico, E.,
Mazza, G., Paglianti, A., & Gherardi, F. (2010).
Biological control of invasive populations of
crayfish: The European eel (Anguilla anguilla) as a
predator of Procambarus clarkii. Biological
Invasions, 12(11), 3817-3824.
https://doi.org/10.1007/s10530-010-9774-z

Arias-Pineda, J. Y., & Pedroza-Martinez, D. R. (2018).
Presencia del cangrejo rojo Procambarus clarkii
(Girard, 1852) en la sabana de Bogotd, Colombia.
Boletin de la SEA, 62, 283-286.

Buck, T. L., Breed, G. A, Pennings, S. C., Chase, M. E.,
Zimmer, M., & Carefoot, T. H. (2003). Diet choice
in an omnivorous salt-marsh crab: Different food
types, body size, and habitat complexity. Journal
of Experimental Marine Biology and Ecology,
292(1), 103-116. https://doi.org/10.1016/S0022-
0981(03)00146-1

Bystrom, P., & Garcia-Berthou, E. (1999). Density
Dependent Growth and Size Specific Competitive
Interactions in Young Fish. Oikos, 86(2), 217-232.
https://doi.org/10.2307/3546440

Camacho-Portocarrero, R. F., Duarte-Gandica, |.,

Altamiranda-Saavedra, M., Camacho-

BIOTA COLOMBIANA 26 - 2025 | 6



Palacino-Rodriguez & Penagos-Arévalo

Portocarrero, R. F., Duarte-Gandica, ., &
Altamiranda-Saavedra, M. (2021). Areas en riesgo
de invasién por Procambarus clarkii (Decapoda:
Cambaridae) un cangrejo de rio introducido en
Colombia. Revista de Biologia Tropical, 69(1), 77-
89. https://doi.org/10.15517/rbt.v69i1.41493

Campos, M. R. (2005). Procambarus
(Scapulicambarus)  clarkii  (Girard,  1852),
(Crustacea: Decapoda: Cambaridae). Una
langostilla no nativa en Colombia. Revista de La
Academia Colombiana de Ciencias Exactas, Fisicas
y Naturales, 29(111), 295-303.

Carreira, B. M., Dias, M. P., & Rebelo, R. (2014). How
consumption and fragmentation of macrophytes
by the invasive crayfish Procambarus clarkii shape
the macrophyte communities of temporary
ponds. Hydrobiologia, 721(1), 89-98.
https://doi.org/10.1007/s10750-013-1651-1

Correia, A. M. (2002). Niche breadth and trophic
diversity: Feeding behaviour of the red swamp
crayfish (Procambarus clarkii) towards
environmental availability of aquatic
macroinvertebrates in a rice field (Portugal). Acta
Oecologica, 23(6), 421-429.
https://doi.org/10.1016/51146-609X(02)01166-9

Cruz, M. J., & Rebelo, R. (2005). Vulnerability of
Southwest Iberian amphibians to an introduced
crayfish, Procambarus clarkii. Amphibia-Reptilia,
26(3), 293-303.
https://doi.org/10.1163/156853805774408577

Davis, C. C. (1964). A study of the hatching process in
aquatic invertebrates. Hydrobiologia 23, 253-266.
https://doi.org/10.1007/BF00043733

Diéguez, M. C., & Gilbert, J. J. (2003). Predation by
Buenoa macrotibialis (Insecta, Hemiptera) on
zooplankton: Effect of light on selection and
consumption of prey. Journal of Plankton
Research, 25(7), 759-769.
https://doi.org/10.1093/plankt/25.7.759

Dye, L. & Jones, P. (1975). The influence of density
and invertebrate predation on the survival of
young-of-the-year Orconectes virilis. Freshwater

First record of predation by Notonecta melaena Kirkaldy

Crayfish, 2(1), 529-538.
https://doi.org/10.5869/fc.1975.v2.529

Everett, R. A. (2000). Patterns and pathways of

biological invasions. Trends in Ecology &
Evolution, 15(5), 177-178.

Eversole, A. G., & Jones, D. R. (2004). Key to the

crayfish of South Carolina. USDA Forest Service.

Florencio, M., Diaz-Paniagua, C., Gomez-Mestre, I., &

Serrano, L. (2012). Sampling macroinvertebrates
in a temporary pond: Comparing the suitability of
two techniques to detect richness, spatial
segregation and diel activity. Hydrobiologia,
689(1),121-130. https://doi.org/10.1007/s10750-
011-0690-8

Flérez-Brand, P. E., & Espinosa-Beltran, J. O. (2011).

Presencia y dispersion del cangrejo rojo americano
(Procambarus clarkii Girard, 1852) (Decapoda:
Cambaridae) en el departamento del Valle del
Cauca, Colombia.
http://repository.humboldt.org.co/handle/20.50
0.11761/32856

Garciade Lomas, J., Dana, E. D., & Gonzalez, R. (2020).

Traps and netting, better together than alone: An
innovative approach to improve Procambarus
clarkii management. Knowledge & Management
of Aquatic Ecosystems, 421.
https://doi.org/10.1051/kmae/2020031

Gherardi, F., & Acquistapace, P. (2007). Invasive

crayfish in Europe: The impact of Procambarus
clarkii  on the littoral community of a
Mediterranean lake. Freshwater Biology, 52(7),
1249-1259. https://doi.org/10.1111/j.1365-
2427.2007.01760.x

Gonzalez-Ruiz, Y. de los A., Pimiento-Ortega, M. G., &

Herrera-Martinez, Y. (2022). First record of
predation by the Andean white-eared opossum
Didelphis pernigra on the red swamp crayfish
Procambarus clarkii in Colombia. Therya Notes, 3,
143-146. https://doi.org/10.12933/therya_notes-
22-86

Gutiérrez, F. de P., Lasso, C. A., Baptiste E., M. P.,

Duarte-Sanchez, P., & Diaz, A. M. (2012). Catdlogo
de la Dbiodiversidad acudtica exdtica y

BIOTA COLOMBIANA 26 - 2025 | 7



Palacino-Rodriguez & Penagos-Arévalo

trasplantada en Colombia: Moluscos, crustdceos,
peces, anfibios, reptiles y aves. Instituto
Humboldt.
http://repository.humboldt.org.co/handle/20.50
0.11761/31377

Gutiérrez-Yurrita, P. J., Sancho, G., Bravo, M. A.,
Baltanas, A., & Montes, C. (1998). Diet of the Red
Swamp Crayfish Procambarus clarkii in Natural
Ecosystems of the Dofiana National Park
Temporary Fresh-water Marsh (Spain). Journal of
Crustacean Biology, 18(1), 120-127.
https://doi.org/10.1163/193724098X00124

Hein, C. L., Roth, B. M, lves, A. R., & Zanden, M. J. V.
(2006). Fish predation and trapping for rusty
crayfish (Orconectes rusticus) control: A whole-
lake experiment. Canadian Journal of Fisheries
and  Aquatic  Sciences, 63(2), 383-393.
https://doi.org/10.1139/f05-229

Hirvonen, H. (1992). Effects of backswimmer
(Notonecta) predation on crayfish (Pacifastacus)
young: Autotomy and behavioural responses.
Annales Zoologici Fennici, 29(4), 261-271.

Hoyos, R. H., Graciano, S. P., & Rios, J. F. (2014).
Evaluacién del notonéctido como control
bioldgico de larvas de Aedes aegypti. Revista
Cientifica  en Ciencias ~ Ambientales y
Sostenibilidad, 1(1).

Huner, J. V., & Barr, J. E. (1991). Red Swamp Crawfish:
Biology and Exploitation. Louisiana Sea Grant Coll.
Program.

Hungerford, H. B. (1933). The genus Notonecta of the
World (Notonectidae-Hemiptera). The University
of Kansas Science Bulletin, 21, 5-195.

Kolar, C. S., & Lodge, D. M. (2001). Progress in
invasion biology: Predicting invaders. Trends in
Ecology &  Evolution, 16(4), 199-204.
https://doi.org/10.1016/s0169-5347(01)02101-2

Kozak, P., Duris, Z., Petrusek, A., Butic¢, M., Horka, 1.,
Kouba, A., Kozubikova-Balcarov3, E., & Policar, T.
(2015). Crayfish Biology and Culture. University of
South Bohemia.

First record of predation by Notonecta melaena Kirkaldy

Lodge, D. M., Taylor, C. A., Holdich, D. M., & Skurdal,
J. (2000). Nonindigenous Crayfishes Threaten
North American Freshwater Biodiversity: Lessons
from Europe. Fisheries, 25(8), 7-20.
https://doi.org/10.1577/1548-
8446(2000)025<0007:NCTNAF>2.0.C0O;2

Maezono, Y., & Miyashita, T. (2004). Impact of exotic
fish removal on native communities in farm
ponds. Ecological Research, 19(3), 263-267.
https://doi.org/10.1111/j.1440-
1703.2004.00634.x

Oficialdegui, F. J., Sdnchez, M. |., & Clavero, M. (2020).
One century away from home: How the red
swamp crayfish took over the world. Reviews in
Fish Biology and Fisheries, 30(1), 121-135.
https://doi.org/10.1007/s11160-020-09594-z

Pachodn, Y., & Valderrama, M. (2018). Anotaciones al
estado, uso y gestion de la langostilla roja
Procambarus (Scapulicambarus) clarkii, especie
invasora en la laguna de Fuquene (Cundinamarca,
Colombia). Biodiversidad en la Prdctica, 3, 30-51.

Padilla-Gil, D. N. (1994). Bioecologia y sistemdtica de
Notonecta  melaena  Kirkaldy  (Hemiptera,
Notonectidae) en  Cundinamarca-Colombia.
https://repositorio.unal.edu.co/handle/unal/340
84

Padilla-Gil, D. N. (2014). Distribucidn espacial de las
especies del género Buenoa Kirkaldy, 1904
(Hemiptera: Notonectidae) en Tumaco (Narifio,
Colombia). Acta Bioldgica Colombiana, 19(1), 83-
87.

Padilla-Gil, D. N. (2019). The Heteropterans
(Gerromorpha and Nepomorpha) of Andean lakes
from Colombia: Composition and biota similarity.
Revista Facultad de Ciencias Bdsicas, 15(2).
https://doi.org/10.18359/rfcb.4399

Palacino-Rodriguez, F., Altamiranda-Saavedra, M. A,,
Palacino-Penagos, D. A., Penagos-Arévalo, A. C., &
Rios-Olaya, K. J. (2023). Factors influencing
predation on Odonata by Argiope trifasciata
(Forsskal, 1775). International Journal of
Odonatology, 26, 36-43.

BIOTA COLOMBIANA 26 - 2025 | 8



Palacino-Rodriguez & Penagos-Arévalo

https://doi.org/10.48156/10.48156/1388.2023.1
917202

Papacek, M. (2013). Small aquatic and ripicolous bugs
(Heteroptera: Nepomorpha) as predators and
prey: The question of economic importance. EJE,
98(1), 1-12.
https://doi.org/10.14411/eje.2001.001

Parkyn, S. M., Collier, K. J., & Hicks, B. J. (2001). New
Zealand stream crayfish: Functional omnivores
but trophic predators? Freshwater Biology, 46(5),
641-652. https://doi.org/10.1046/j.1365-
2427.2001.00702.x

Pijnakker, J., Vangansbeke, D., Duarte, M., Moerkens,
R., & Wackers, F. L. (2020). Predators and
Parasitoids-in-First: From Inundative Releases to
Preventative Biological Control in Greenhouse
Crops. Frontiers in Sustainable Food Systems, 4.
https://www.frontiersin.org/articles/10.3389/fsu
fs.2020.595630

Rudolf, V. H. W. (2008). Impact of cannibalism on

predator-prey dynamics: Size-structured
interactions and apparent mutualism. Ecology,
89(6), 1650-1660. https://doi.org/10.1890/07-

0709.1

Savini, D., Occhipinti-Ambrogi, A., Marchini, A.,
Tricarico, E., Gherardi, F., Olenin, S., & Gollasch, S.
(2010). The top 27 animal alien species introduced
into Europe for aquaculture and related activities.
Journal of Applied Ichthyology, 26(2), 1-7.
https://doi.org/10.1111/j.1439-
0426.2010.01503.x

First record of predation by Notonecta melaena Kirkaldy

Souty-Grosset, C., Anastacio, P. M., Aquiloni, L.,
Banha, F., Choquer, J., Chucholl, C., & Tricarico, E.
(2016). The red swamp crayfish Procambarus
clarkii in Europe: Impacts on aquatic ecosystems
and human well-being. Limnologica, 58, 78-93.
https://doi.org/10.1016/j.limno.2016.03.003

Souty-Grosset, C., Reynolds, J., Gherardi, F., Aquiloni,
L., Coignet, A., Pinet, F., & Mancha Cisneros, M. D.
M. (2014). Burrowing activity of the invasive red
swamp crayfish, Procambarus clarkii, in fishponds
of La Brenne (France). Ethology Ecology &
Evolution, 26(2-3), 263-276.
https://doi.org/10.1080/03949370.2014.892538

Twardochleb, L. A,, Olden, J. D., & Larson, E. R. (2013).
A global meta-analysis of the ecological impacts of
nonnative crayfish. Freshwater Science, 32(4),
1367-1382. https://doi.org/10.1899/12-203.1

Ulikowski, D., Chybowski, t., & Traczuk, P. (2018).
Predation impact of common backswimmer
(Notonecta glauca L.) on juvenile narrow-clawed
crayfish (Astacus leptodactylus Esch.).
Aquaculture  Research, 49(5), 2072-2077.
https://doi.org/10.1111/are.13664

Weseloh, R. M., & Hare, J. D. (2009).
Predation/Predatory Insects. In V. H. Resh & R. T.
Cardé (Eds.), Encyclopedia of Insects (pp. 837—
839). Academic Press.
https://doi.org/10.1016/B978-0-12-374144-
8.00219-8

BIOTA COLOMBIANA 26 - 2025 | 9



