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Abstract: Armored catfishes from the genus Pterygoplichthys spp. (family Loricariidae) have
established populations in tropical and sub-tropical regions worldwide. The negative impacts
caused by these catfishes have been studied in various ecosystems, especially in Mexico and the
United States. Nevertheless, the impacts of invaded aquatic ecosystems and fisheries on the
Pacific Coast of Guatemala remain undocumented. This study brings novel evidence about the
impacts of this invasive species using local fishers’ perceptions in an estuarine ecosystem on the
pacific coast of Mesoamerica. During the rainy season of 2021 at Monterrico Multiple Use
Natural Reserve, we conducted participatory activities with fishers. The study found that fishers
perceived economic, social, and ecological impacts, including damage to fishing gears, ghost
fishing, and habitat modification due to armored catfish nesting, among others. Fishers’
perceptions indicate that controlling the invasive species is necessary to reduce the damage to
local fisheries and fishers’ livelihoods.

Key words: Armored catfish, Monterrico, ecological impacts, socioeconomic impacts, invasive
species.

Percepciones locales de los impactos de un pez invasor en la costa del Pacifico de
Guatemala. Resumen: Los peces diablo o plecéstomos del género Pterygoplichthys spp.
(familia Loricariidae) tienen poblaciones establecidas en regiones tropicales y subtropicales de
todo el mundo. Los impactos negativos causados por estos plec6stomos se han estudiado en
diversos ecosistemas, especialmente en México y Estados Unidos. Sin embargo, los impactos
sobre los ecosistemas acudticos invadidos y las pesquerias en la costa del Pacifico de Guatemala
permanecen sin documentar. Este estudio aporta evidencia novedosa sobre los impactos de esta
especie invasora utilizando la percepcién de pescadores locales en un ecosistema estuarino en la
costa del Pacifico de Mesoamérica. Durante la temporada de lluvias de 2021 en la Reserva
Natural de Uso Multiple Monterrico, realizamos actividades participativas con pescadores. El
estudio encontré que los pescadores percibieron varios impactos en las dimensiones econémica,
ecologica y social, como el dafio a las redes de pesca, pesca fantasma y modificacion del
habitat, entre otras. Las percepciones de los pescadores indican que el control de la especie
invasora es necesario para reducir el dafio a las pesquerias locales y a los medios de vida de los
pescadores.

Palabras clave: pez diablo, Monterrico, impactos ecoldgicos, impactos socioeconémicos,
especies invasoras.
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Local perceptions on armored catfish invasion

Introduction

Invasive species are among the most critical
threats to biodiversity and ecosystem integrity
(IUCN 1999, McNeely & Mainka 2009). These
species are considered responsible for local and
regional biodiversity decrease (Wilcove et al. 1998,
Ricciardi et al. 2013) and loss of ecosystem services,
including fisheries (Lovell et al. 2006). Invasive
fishes, directly and indirectly, affect native species
across different scales, from the genome to habitat
and ecosystem functioning (Cucherousset & Olden
2011). Furthermore, invasive species could promote
biotic homogenization in some ecosystems and
displace unique species (McKinney & Lockwood
1999).

Once invasive species are established, it is
almost impossible to eradicate them (Reaser et al.
2007). Therefore, identifying, characterizing, and
analyzing invasive species impacts is paramount for
managers to take control measurements. At least 22
non-native freshwater fishes (NNFF) have been
reported in Guatemala (Elias et al. 2022). These
species were introduced without a previous impact
assessment. Although some species were introduced
to enhance local fisheries (e.g., nile tilapia
Oreochromis niloticus, jaguar guapote Parachromis
managuensis, and largemouth bass Micropterus
salmoides), some have negatively affected
biodiversity. For example, LaBastille (1983)
reported the Atitlan grebe (Podilymbus gigas)
extinction in Lake Atitlan because of the largemouth
bass introduction.

Recently, armored catfishes (Pterygoplichthys
spp.) from the Loricariidae family have been
reported in Guatemala (Elias et al. 2022). This
family is naturally distributed from Costa Rica to
South America (Armbruster & Page 2006) and is
characterized by having a boned breastplate
extending through three lines of their dorsal surface
and a flat belly and spines that protect them against
predators (Weber 1992, Page & Robins 2006). Their
suckermouth is adapted for grazing and attaching to
substrates (Buck & Sazima 1995, Nico et al. 2009).
Pterygoplichthys can grow up to 50 cm and weigh
more than 3 kg (Bunkley-Williams et al. 1994,
Mendoza et al. 2007, CEC 2009). Their
physiological tolerance allows them to survive at 12
ppt salinity for certain periods (Capps et al. 2011),
resist hypoxic conditions, and survive through times
of drought (Graham & Baird 1982). Armored
catfishes are particularly prized in the aquarium
market because of their appearance and alleged
capability to control algae (Pound et al. 2011).
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However, ecologists have highlighted the invasive
potential of armored catfishes due to their
physiology and life history traits (i.e., early age
reproduction, high reproductive rate, and parental
care to support larvae survival) and the negative
consequences derived from this invasive fish
(Armbruster 2004, Juarez-Sanchez et al. 2019,
Mendoza et al. 2007, Orfinger & Goodding 2018,
Quintana et al. 2023).

One species of armored catfish (Hypostomus
sp.) was first reported in eastern Guatemala in 1996
at Lake Izabal on the Atlantic Coast. Later, two
species, Pterygoplichthys disjunctivus, and P.
pardalis were identified in the Usumacinta River
basin in northern Guatemala (DIPESCA 2010).
Since then, its presence has been recorded in other
ecosystems, including northern locations like Lake
Petén Itz4, La Pasion River, Lachud Lagoon, and
central highlands in Lake Atitlan (Wakida-Kusunoki
et al. 2007, Quintana & Barrientos 2012, Echeverria
et al. 2015, PNUD 2018a). More recently
Pterygoplichthys was reported in Monterrico
Multiple Use Natural Reserve (RNUMM), located
on the Pacific coast in south Guatemala (Elias et al.
2022). Like in other countries where armored
catfishes are invasive, in Guatemala, these species
have non-commercial value for consumption by
local communities; therefore, their control and
eradication are challenging. For example, the
armored catfish invasion in Mexico has caused
economic loss valued at millions of dollars in the
fisheries from El Infiernillo" dam (Mendoza et al.
2007). Similarly, in Winter Haven, Florida, armored
catfish catch showed low profit compared to other
non-native species with commercial value (Orfinger
et al. 2019).

Addressing biological invasions requires a
deep understanding of the ecological and
socioeconomic components associated. It has been
reported that insights from the human dimension are
critical to effectively tackle the problems associated
with invasive species like awareness of their risks
and support management actions (Garcia-Llorente et
al. 2008, Ricciardini et al. 2013, Liptak et al. 2023).
Fishers’ local knowledge is gaining attention in
fisheries and conservation research because it
provides knowledge from long-term empirical
observation, which can provide new data and fill the
gaps in scientific knowledge (Begossi 2008, Sagarin
& Pauchard 2010, Tesfamichael et al. 2014). In
studies on invasive fish, fishers' knowledge has
proven helpful in identifying the impacts caused and
making management decisions towards fish
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invasions (Carballo-Cardenas 2015, Azzurro &
Bariche 2017). In the RNUMM the armored catfish
has become a cause of concern for local fishers and
managers in multiple ways.

The aim of this study was to identify the
social, economic, and ecological impacts of the
armored catfish invasion in the RNUMM and areas
of influence through fishers’ perceptions. Fishers’
experience could provide key information on
ecological impacts observed in the area and the main
aspects identified as threatening to their livelihoods.

Material and Methods

Study Site: This study was conducted in the
protected area of Monterrico Multiple Use Natural
Reserve (RNUMM) and its area of influence. The
RNUMM consists of 2800 ha. located on the Pacific
Coast of Guatemala (13°58'28", 14°0'38" N and
90°26'21", 90°30'14" W) (Fig. 1), where about 80%
of the country’s artisanal and subsistence fishers are
located (OSPESCA 2011, Mufioz et al. 2021). The
area is composed of a complex set of brackish and
freshwater lagoons and canals with diverse aquatic
vegetation (e.g. Typha sp., Phragmites australis,
Eichhornia crassipes, E. heterosperma, Najas
guadalupensis, Neptunia prostrata, Nymphaea
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ampla, Paspalidium germinatum, Pistia stratiotes,
Salvinia minima, S. auriculata, Hydrilla verticillata,
Utricularia foliosa) and canals surrounded by
mangrove forests (e.g. Rhizophora mangle,
Rhizophora  racemosa,  Conocarpus erectus,
Laguncularia racemosa, and Avicennia germinans)
(Ruiz-Ordofiez & Sigiienza 1999).

The main canal is known as Canal de
Chiquimulilla, which runs across the RNUMM. The
area of influence located in “La Zona”, the village of
El Gariton (13°55°47.86"'N, 90°35755.43""W)
includes man-made canals known as “quineles.”
These features are artificial linear structures that
conduct and supply water for irrigation, livestock,
and navigation and connect to the Chiquimulilla
Canal.

The RNUMM harbor about 36 fish species
(Barrios 2013) and provides nurseries for
economically important fish and shellfish species
such as the white-leg shrimp (Penaeus vannamei),
long-arm river prawn (Macrobrachium tenellum),
yellowfin snook (Centropomus robalito), tropical gar
(Atractosteus tropicus) and blackthroat cichlid
(Astatheros macracanthus) among others (Ruiz-
Ordoiiez & Sigiienza 1999). Non-native species such
as Nile tilapia (Oreochromis niloticus), jaguar
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Figure 1. Location of the study site: Reserva Natural de Usos Multiples Monterrico (RNUMM) and the surrounding

area under its influence.
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guapote (Parachromis managuensis), and the
armored catfish (Pterygoplichthys sp.) have been
reported within the RNUMM basin (Elias et al.
2022) (Fig. 2). According to fishers, aquarists, and
other aquatic experts, armored catfish presence in
the area has two hypotheses: escaping from
cultivation tanks and release to the streams. But so
far, we cannot confirm which one is more likely to
have happened in the RNUMM.

The reserve has five communities:
Monterrico, El Pumpo, La Curvina, Agua Dulce, and
La Avellana. The main economic activities in these
communities are tourism and marine/ estuarine
fishing (DIPESCA/MAGA-PNUD 2018). Most of
these communities live in poverty or extreme
poverty and have low human development indexes
(PNUD 2018b). They use fishing as the main
livelihood of many families and represent an
important source of income in the area (Ruiz-
Ordofiez & Sigiienza 1999).

Methods
Workshops strategy:

Between May and October 2021, we
conducted three workshops to gather fishers’

perceptions regarding armored catfish’s potential
ecological and socioeconomic impacts. Two types of
participatory activities were carried out during
workshops  using  different = methodologies:

participatory mapping and focus groups using group
interviews in which discussion centered on a special
topic and facilitated by a moderator (Chestnutt &
Robson 2001). Participatory mapping was carried
out during the first workshop. Two focus groups
were developed in two subsequent workshops, the
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Figure 2. Armored catfish caught by artisanal fishers in the RNUMM. Credit: Maria . Schoenbeck and Emily Pineda.
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first one addressing the economic impacts of the
invasion, and the second one addressing the social
impacts

Workshops included 33 fishers (~47% of
fishers in the RNUMM, Cecon personal comm.)
belonging to four communities within the RNUMM
and 2 communities in the reserve’s area of influence
(Las Quechas and Papaturro). Each workshop lasted
about 4-5 hours. Since activities were conducted
during the COVID-19 pandemic, group size was
limited since some fishers could not participate.
Participatory mapping and focus groups: The
activities were developed under a series of guiding
questions according to the objective of each
workshop. The  methodology promoted a
participatory environment in which the discussion
was opened based on formulating questions to bring
fishers’ opinions and promote knowledge exchange
among themselves. The aim of the participatory
mapping (IFAD 2009) was to spatially represent the
collective knowledge on a) the presence and
distribution of armored catfish in the area, b) the
observed local impacts of armored catfish in the
ecosystem, and c) the impacts on artisanal fisheries
and fisher’s livelihoods. To build the map, fishers
were asked to locate places on maps where armored
catfishes have been captured or seen, potential
nesting sites, and places where ecological and
socioeconomic impacts have been detected. Towards
the end, fishers also discussed the perceived
problems caused by this fish (Fig. 3a, Table I-II).

Focus groups were carried out in small groups
with collective discussions about the impacts of
armored catfish in the reserve. In the first group, we
addressed the economic impacts caused by the

b
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Figure 3. Activities.
fishermen and (B) Interviews with fisherwomen.

invasive fish on fishing activities, including the
household economy. We also discussed alternatives
to reduce economic impact and identified other
impacts due to this invasive fish. The second focus
group addressed the social impacts caused by the
armored catfish in the reserve, i.e., how the armored
catfish has impacted their daily lives, how they
personally feel about these impacts, and what
actions they have taken to reduce them. The focus
group methodology allowed us to gather local
knowledge, which is an important source of
information for subsequent management plans. In
addition, the participation of fishers from different
communities allowed productive discussions due to
the exchange of opinions and the different
experiences related to the armored catfish presence
through the RNUMM and area of influence.

Finally, we separately interviewed eight
fisherwomen since they have an active role in both
fishing and family life. We used open questions to
inquire about the impacts of the armored catfish on
their livelihoods. They provided complementary
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information on how this invasive species has
affected their family economy (Fig. 3b).

In each activity, an atmosphere of trust was

established through communication and the
presentation of the objectives of the study to the
participants, letting them know the importance of
their participation. Ethical dilemmas that could arise
during each activity were considered through
consent, anonymity, and confidentiality, as suggested
by Sim & Waterfield (2019). However, we solved
these dilemmas through informed consent from the
fishers, we were allowed to record and photograph
the development of the activities, as well as the
dissemination of their knowledge. Park rangers
contributed by talking beforehand about the
workshops to potential participants who have
worked together with the reserve.
Collection of information and analysis: The
information provided by participatory mapping was
collected on maps, photographs, and notes. During
the focus groups and interviews with fisherwomen,
the information was collected through voice
recordings and notes. All the information was then
analyzed, and the impacts perceived by the fishers
were classified according to the associated
component: a) ecological impacts (on biodiversity
and habitat) and b) socioeconomic impacts. The
fisher's perceptions were synthesized and classified
according to the type of impact.

Results

Artisanal fishers of the RNUMM perceived
that armored catfish cause various impacts in terms
of biodiversity, habitat quality, and structure and
have produced socioeconomic consequences (Table I
and II). According to fishers, one of the impacts
experienced is local loss of fish biodiversity,
including important commercial species such as the
three-spot  cichlid (Amphilophus trimaculatus
Gilinther, 1867), blue sea catfish (Ariopsis
guatemalensis Giinther, 1864), and yellowfin snook
(C. robalito Jordan & Gilbert, 1882). Fishers
suggested that armored catfish feed on the larvae of
these native fishes, and its aggressive behavior, and
aggregations  patterns, displace  other fish.
Fisherwomen mentioned that when fishers catch
armored catfish in high abundance, they can
abandon their gillnets causing ghost fishing (i.e.,
catches by fishing gear that continues to operate
because it has been lost or neglected) (Breen 1987).

Two nesting sites were reported and
associated with ecological impacts. One is located in
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Table I. Perceived ecological impacts caused by armored catfish, reported by fishers from the RNUMM.

Type of
Impact

Impacts perceived by
fishers

Description

Impacts

on

Biodiversity

1. Decrease of native
species  since  the
introduction of
armored catfish

2. Alteration of native
species behavior and
native species
displacement

3. Ghost fishing

Fishermen stated that armored catfish ingest the larvae of native
fish causing population decline of native fish such as cichlids,
blue sea catfish (Arius guatemalensis), and snook.

Armored catfish display aggressive behavior when they move in
aggregations or "spots" causing other native species to disperse
to other sites. Fishers stated that when they catch large numbers
of armored catfish, the catch of native fish is low.

When a large abundance of armored catfish is caught, some
fishers abandon gillnets, temporarily or permanently, to avoid
wasting time. This results in the gillnets continuing to catch
native and commercially important species.

Impacts
Habitat

on

4.  Destruction  of
feeding and nesting
sites of other species

5. Modification of the
canal banks of
“quineles”

6. Alteration of water
aspect

7. Pollution

Some fishers pointed out that the armored catfish feed in
aggregations and do so aggressively, which causes the
destruction of aquatic vegetation and displacement of cichlids
from their nesting sites.

In the site “La Zona”, armored catfishes have built numerous
nesting burrows in the “quineles”, modifying and altering the
structure of the banks. The fishers claim that the number of
nesting burrows is high and extends for several kilometers, and
they do not know to what extent it may impact the structure of
the canal banks.

Fishers have noticed that the armored catfish modify the water
quality where they are, or as they state that armored catfish
"dirty" the water referring to the water looking “murky”.

The bodies of armored catfish caught by fishers are discarded on
the shores. Sometimes the carcasses are piled up in specific sites,
and as they rot, they become sources of contamination. Fishers
report that the smell of rotting armored catfish carcasses is very
unpleasant.
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the“quineles” at the east of the reserve, and the
second is located in the west, near Papaturro village.
Fishers mentioned that armored catfish modify the
physical environment, particularly in the “quineles”
located in the site “La Zona”, numerous armored
catfish nesting burrows have modified the canal
banks (Fig. 4). Fishers also have the perception that
armored catfish modify the water quality of the
canal and lagoons because the water looks “murky”
where they are found. Another perception is that
armored catfish capture depends on spatial and

temporal factors. For example, they are highly
abundant in the quineles zone and nearby bodies of
water such as Rancho Alegre lagoon (Fig. 5);
therefore, fishers avoid this area. One fisherman also
mentioned that he prefers to fish during daylight
hours because the armored catfish aggregate at
night.

Among the socioeconomic impacts perceived
by fishers are the decrease of commercial species
caught, the loss and damage of fishing gears when
catching high abundances of armored catfish, and

Pan-American Journal of Aquatic Sciences (2023), 18(1): 76-92
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Table II. Perceived socioeconomic impacts caused by armored catfish were reported by fishers in the RNUMM.

Impacts perceived by fishers

Description

1. Fisheries economic loss

2. Increase in fishing time

3. Human population health

4. Psychosocial consequences

5. Damage to fishing gears

6. Injuries on fishers’ hand's

According to fishers, the catch of commercial species has decreased since the
armored catfish was reported in the reserve. This affects most areas outside
the RNUMM during the dry season. Consequently, fishers’ economic income
has decreased.

Fishers spend more time than planned to remove armored catfishes from
fishing gear, increasing the fishing efforts required to catch commercial
species.

Rotting armored catfish carcasses from fishing discards produces a bad odor
and contamination in certain areas where they are piled up.

Catching numerous armored catfish induces stress and discomfort in fishers
because they feel frustrated due to the increase in fishing effort and the
reduction of valuable catches. They think it is a waste of time and feel
discouraged to go fishing.

The nets sometimes are damaged due to the spiny fins of the catfish. The
effect increases when fishers catch numerous catfishes. In addition, fishers
must spend time repairing the nets, and sometimes the fishing nets become
completely useless.

Armored catfish’s spiny fins and corps cause wounds on fisher's hands when
trying to remove them from fishing nets. This can cause infections and
further expenses.

Figure 4. Armored catfish nesting burrows in the “quineles”located at the site “La Zona”, El Garitén village, in the

RNUMM area of influence. Credit: Emily Pineda.

injuries on fishers’ hands due to wounds during fish
removal (Table II). Fishers perceived that this
invasion had generated an economic loss, a waste of
time due to increased work on fishing gear repair,
and a total loss of fishing nets. Fishers also
complained about an unpleasant odor in areas where
the invasive catfish is discarded.

Discussion
In this study, we documented artisanal fishers'
perceptions of the armored catfish presence in a

protected area where artisanal fishing is critical to
the economy and food security of local communities
(PNUD 2018b). The local fishers are aware of the
potential impacts of the armored catfish presence in
the RNUMM. This study provides insights into how
the fishers have been affected by this invasion,
according to their perspectives. According to fishers’
responses, we identified three major categories of
negative impacts: 1) Impacts on biodiversity and
fishery, 2) impacts on habitat, and 3) social
economic consequences.
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area of influence of the RNUMM.

One of the fishers' major concerns regarding
the armored catfish invasion is the potential
displacement of native fish species and the reduction
of native fish biomass catch. Often invasions cause
species displacement due to competition for food
and habitat (Bunkley-Williams et al. 1994, Cook-
Hildreth 2008, Krishnakumar et al. 2009, Mendoza
et al. 2009, Chaichana et al. 2011, Orfinger &
Goodding 2018). Armored catfishes from the genus
Pterygoplichthys spp. have shown to have trophic
overlap with native species where it has been
reported (Wijethunga & Epa 2008, Hill et al. 2015),
and trophic displacement has been suggested as a
sign of competition with native species (Quintana et
al. 2023). This catfish can become dominant in the
ecosystems and its abundance can overtake catch
biomass or at least become significant in the catch
(Wei et al. 2017, Orfinger et al. 2019). For example,
Mendoza et al. (2007) reported that armored catfish
replaced 70-80 % of the fish caught in the EI
Infiernillo reservoir in Mexico. There is consistent
evidence from fishers’ reports, analysis of
commercial catch, and experimental studies that
demonstrate the decrease of native species biomass
caused by armored catfish abundance (Hoover et al.
2004, Chaichana & Jongphadungkiet 2012, Barba-

Figure 5. Visual evience of abundant catch of armored catfish by artisanal fisherme in El Palmo lagoon, within the
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Macias et al. 2017, Suresh et al. 2019, Elfidasari et
al. 2020, Seshagiri et al. 2021).

Fishers reported armored catfish feeding on
fish larvae, and they suggest this is one of the causes
of the decrease in native fishes. Nonetheless, fish
and invertebrates larvae ingestion only have been
reported incidentally, because they are grazers that
mainly feed on detritus and periphyton (Ozdilek
2007, Mendoza et al. 2009, German & Miles 2010,
Hoover et al. 2014, Stolbunov et al. 2021). Scott et
al. (2012) stated that the intensive grazing behavior
of armored catfish can decrease food resources in
the ecosystems. Moreover, Cook-Hildreth (2008)
found out that fish egg survival can decrease when
exposed to armored catfish foraging. Therefore,
armored catfish foraging behavior could directly or
indirectly impact the native fauna population
dynamics as fishers had observed.

For the RNUMM, there is a lack of scientific
studies demonstrating that the abundance of native
fish has decreased due to the presence of the
armored catfish. However, the experience of fishers
should not be neglected. The reduction of native fish
catch could likely be occurring, but besides the
impact caused by armored catfish, other factors
could be contributing to this phenomenon, such as
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overfishing (USAID 2020), habitat degradation
(Barrios 2013), deforestation (Lépez et al. 2016) and
other potentially invasive species (Sala, 2000). It
cannot be ruled out that one or multiple of these
factors may exacerbate the impacts that fishers have
added to the armored catfish.

Fishers have observed that armored catfish
show aggressive behavior when feeding and nesting.
When grazing, these catfish can damage aquatic
vegetation and the benthic areas, directly affecting
fish nesting sites (Nico 2010). This concurs with
fishers’ claims that armored catfish displace cichlids
from their nesting sites, which could be affecting
important commercial fish species such as the native
three-spot cichlid (A. trimaculatus), the black throat
cichlid (A. macracanthus), and the introduced Nile
tilapia (O. niloticus) (USAID 2020). There are few
studies on the interactions (predation and potential
competition) of armored catfish as an invasive
species (Mendoza-Carranza et al. 2010, Gaitan et al.
2020), but aggressive behavior that affects other
species has been documented, for example, with
pelicans (Bunkley-Williams et al. 1994) and grazing
algae from Manatees skin (Pérez-Flores & Pigenutt-
Galindo 2020).

One of the most affected sites is the area
known as “quineles” in “La Zona", an important
nesting site for armored catfish near the RNUMM.
Local fishers report the modification of the banks by
numerous burrows where loricariids built their nests.
This is consistent with what researchers have
reported in other locations (Hoover et al. 2004,
Mendoza et al. 2009). In addition, it has been
reported that sites with higher numbers of burrows
present increased bank erosion and destabilization,
affecting wetlands and embankments (Yamamoto &
Tagawa 2000, Lienart et al. 2013, Van den Ende
2014, Moroni et al. 2015).

Fishers reported high catch rates of armored
catfishes at the site los “quineles” and nearby
lagoons. The abundance of catfish varies seasonally,
but in this site, up to 100 individuals can be caught
per fishing trip, according to fishers. In the
“quineles” zone, the salinity is low due to the influx
of fresh water from the nearby lagoons. The
proximity of the site to rural communities and an
agricultural area has increased a load of nutrients
such as phosphorus and coliform bacteria (Franco
2008). According to Escalera-Vasquez et al. (2019),
nutrients promote a greater abundance of armored
catfish. This agrees with the disturbance hypothesis,
which states that the most disturbed areas are more
susceptible to being invaded by non-native species
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(Elton 1958, Hobbs & Huenneke 1992). However,
the presence of other factors that cause this great
abundance of catfishes cannot be ruled out.

During the dry season (October-April), the
salinity within the RNUMM ecosystems increases,
so catfishes aggregate on water bodies with low
salinity outside the reserve. According to fishers, in
this season, the capture of armored catfish increases
in the “quineles” and nearby lagoons such as
“Rancho Alegre,” “Palmeritos,” and “Puente
Grande”. This causes a significant impact on
fisheries because most of the fishing takes place in
the aforementioned lagoons. As a result of armored
catfish abundance in the lagoons, fishers are forced
to search alternative areas, which sometimes, they
said, are difficult to find. According to fishers,
commercially important species such as P. vannamei
are displaced to other areas when the catfish is
abundant in these lagoons, affecting the fishers that
benefit from this species. A factor that could
aggravate this problem is sediment silting derived
from land-use change, which promotes blockage of
hydrobiological flow within the reserve and areas of
influence, and causes the salinity current not to reach
areas beyond the reserve.

Fishers have perceived that armored catfish
modified water quality in some areas. Elfidasari et
al. (2020) reported that the high density of
Pterygoplichthys pardalis causes an increase in
water turbidity. This could be related to armored
catfishes’ burrows excavation for nesting (Aguirre-
Muiioz & Alfaro 2009) and armored catfish’s
aggregations due to feeding behavior (Hossain et al.
2018). Chemical changes in the water are not always
evident; researchers have reported that armored
catfish aggregations generate nutrient hotspots due
to excretions, affecting nutrient ratios nitrogen and
phosphorous (Capps & Flecker 2013, Capps et al.
2014, Rubio et al. 2016). Temporality and
sedimentation resulting from the erosion of the area
can be factors that can contribute to increased water
turbidity. Knowing that this could likely happen in
areas where armored catfishes become abundant
(although see Escalera-Vasquez et al. 2019), it is
important to study whether these aggregations in the
dry season could affect RNUMM ecosystems
negatively in the long term.

Another problem derived from the armored
catfish presence in the RNUMM is the increase in
ghost fishing. To our knowledge, this problem has
not been reported in the literature yet and could have
serious implications for native biodiversity. In the
RNUMM, this situation was only reported by
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fisherwomen. They have observed damaged fishing
nets abandoned by fishermen, and they suggested
this could be due to the high abundance of armored
catfish captured. Abandoned nets continue to catch
fish and potentially other organisms, increasing
mortality and affecting populations of other species.
The lack of armored catfish commercial value
discourages fishers from harvesting them, and
although fishing gear can be expensive, fishers value
their time and effort overfishing gear. A solution to
reduce ghost fishing could be to increase awareness
of this major problem among fishers, provide
feasible solutions, and technical support to recover
and remove the damaged fishing gear from the
water. Although this could result expensive,
government agencies often lack the resources to
implement management strategies, as it is common
in developing countries.

Fishers reported that since the armored catfish
was established in the RNUMM, they capture less
biomass of commercial species. The same has been
reported by Mexican fishers in the Bigsfera Pantanos
de Centla at Grijalva-Usumacinta basin (Barba-
Macias et al. 2017) and “El Infiernillo" reservoir in
Michoacan state, where 70-80% of the tilapia fishery
has been affected by armored catfish (Mendoza et al.
2009,). Also, in Guatemala, the armored catfish have
established populations in freshwater ecosystems,
where it has become significant to the fish biomass.
For example, in La Pasion river, the incidence of
armored catfish capture reaches 31% (Ochaeta
2017). In the RNUMM, it is difficult to estimate the
economic loss due to armored catfish catch, given
the lack of specific studies assessing the quantitative
impact on the fisheries; however, fishermen state
that on occasions, when many armored catfish are
caught, the losses are significant, due to damage of
fishing gears, increased effort to remove fish, and
reduced capture of valuable species. For example, in
Asia, fishers lose 4.5% of their salary to fixing
damaged nets caused by armored catfish (Seshagiri
et al. 2021). In the RNUMM, the most significant
loss occurs when the entire net cloth breaks. This has
happened to only a few fishers so far.

The capture of armored catfish in the
RNUMM also has repercussions for fishers' health
since their hands get wounded by fish's spines when
they remove fish from fishing gear. This generates
fishers’ discontent since they go fishing daily while
having pain and sometimes infections. Another
impact is related to psychosocial stress among
fishers. Fishers are reluctant to go out fishing
because of the possibility of catching more armored
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catfish than valuable fish or experiencing the loss or
damage of fishing nets. The fisherwomen in charge
of the household feel helpless in this situation. The
increased fishing effort to replace the loss caused by
the capture of armored catfish generates stress and
discomfort among fishermen as their livelihoods are
hampered, which the fishers refer to as "a waste of
time.” This has been observed in other fisheries
where this invasive catfish has been established
(Sumanasinghe & Amarasinghe 2013, Velasquez
2013, Hussan et al. 2019).

Conclusions and Management needs: The
perceptions that fishers of the RNUMM have about
the armored catfish reflect major problems derived
from the presence of this fish in localized areas in
the RNUMM and surrounding areas. Since the
species of the genus Pterygoplichthys are blacklisted
under the Regulation of exotic and invasive species
in Guatemala (CONAP 2011), this could guide
actions for its control, especially during the dry
season. Fishers highlight the negative impact caused
on their livelihoods and the aquatic ecosystems on
which they rely. Particularly, fisherwomen are highly
impacted since they often have less economic
independence and have reduced time for fishing.

The problem of the armored catfish invasion
seems to be worsened by its lack of use or economic
value. Consumption of Pterygoplichthys catfishes is
strongly rejected due to their appearance and the
existence of better alternatives. This catfish has not
been part of their diets, there is a lack of knowledge
of how to cook it, and fishers think that there is little
meat in their bodies, and it is difficult to handle.
Also, the discarding of captured armored catfish on
the shores increases people's rejection because they
are seen as a source of pollution. Therefore, actions
to find alternative uses are urgent.

The armored catfish presence could be one of
the main factors impacting the economy and food
security of local communities in the RNUMM, since
fishers' perceptions indicate a decrease in the capture
of valuable species or species used for consumption.
Alternative solutions for the use of armored catfish
have not been promoted by government agencies in
the RNUMM. However, fishers are open to
proposals for utilization of this fish as suggested in
other countries such as México and Costa Rica
(Ayala-Pérez et al. 2015, Fonseca-Hernandez &
Vargas-Alpizar 2018). In northern Guatemala, a
study proposed using armored catfish as a protein
source in the formulation of animal and human food
products (Ochaeta 2017), however, it is necessary
that the fishers accept and implement the proposals,
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and should be backed by the government, private
sector, or organizations.

Besides the negative impacts of armored
catfish on local fisheries, fishers recognize that there
are other factors in play, such as habitat degradation,
deforestation, increased pollution with
agrochemicals, and illegal fishing. Similar problems
have been documented for the entire coastal zone in
the country (Lépez-Selva 2022). The erosion and
transformation of areas severely impacted by
armored catfish could decrease with the restoration
of riverbanks (e.g., increasing riparian forest),
guided by analytical information on the distribution
and intensity of the impact derived from burrows. It
must be considered that the configuration of the
RNUMM is complex and is subjected to constant
anthropogenic pressure, which makes it more
vulnerable to the effects of invasion (Didham et al.
2005).

The willingness of fishers to learn how to use
this fish opens opportunities to create collaborative
efforts among fishers, together with municipal and
national authorities to control this fish and try to get
economic benefits from it. We suggest that technical
assistance could guide alternatives for the use of
armored catfish and promote the control of the
species in the RNUMM and surrounding areas. Also,
education on biological invasions to the general
public can raise support for native species and their
habitat (Liptak, et al., 2023). This would benefit the
local biodiversity, the ecosystem, and artisanal
fisheries that are highly valued in the area and are
key for food security.
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