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Abstract

The ichthyology collection at the Natural History Museum of El Salvador (MUHNES) was established in 1970. Herein,
we provide the first quantitative and qualitative description of the collection; and the first public record of the specimens
and taxa therein represented. The MUHNES fish collection is the largest and most important of El Salvador, hosting 3791
specimens in 1005 lots representing 26 orders, 75 families, 159 genera and 248 species from both marine and freshwater
environments, including larval, juvenile and mainly adult specimens. MUHNES specimens include 39% of the 587 spe-
cies reported in the official national checklist of fishes of El Salvador, and support the inclusion of 47 additional species
for a new total of 634. Furthermore, MUHNES specimens support (1) the occurrence of Cathorops fuerthii along the coast
of El Salvador, extending its distribution from northern Costa Rica; (2) the occurrence of Atherinella starksi in El Salva-
dor, reducing a gap for records between Nicaragua and México and (3) the extension in the distribution range of Profun-
dulus kreiseri to Morazan, El Salvador. This study represents an advance on the understanding of diversity and distribution
of the national ichthyofauna.

Key words: Neotropical Fishes, Eastern Tropical Pacific, Central America, Fish Collection, Diversity, Taxonomy, Bioge-
ography

Resumen

La coleccion ictiologica del Museo de Historia Natural de El Salvador (MUHNES) fue establecida en 1970. Aqui se pre-
senta la primera descripcion cuantitativa y cualitativa de la coleccion de peces en el MUHNES. La coleccién del MUH-
NES es la mas grande e importante de El Salvador, albergando 3,791 especimenes en 1,005 lotes, los cuales representan
26 ordenes, 75 familias, 159 géneros y 248 especies, provenientes de ambientes marinos y dulceacuicolas, incluyendo es-
tadios larvales, juveniles y, principalmente, adultos. Los especimenes del MUHNES incluyen cerca del 39% de las 587
especies de peces reportadas en el listado nacional oficial para El Salvador, respaldando, ademas, la inclusion de 47 espe-
cies adicionales, generando un nuevo total de 634 especies para El Salvador. Ademas, especimenes de la coleccion apoyan
(1) la presencia de Cathorops fuerthii en la costa de El Salvador extendiendo su distribucion desde el Norte de Costa Rica;
(2) la presencia de Atherinella starksi en El Salvador, reduciendo la ausencia de registros entre Nicaragua y México y (3)
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la extension en el ambito de distribucion de Profundulus kreiseri hasta Morazan, El Salvador. Este estudio representa un
avance para el entendimiento de la diversidad y distribucion de la ictiofauna nacional.

Palabras clave: Peces Neotropicales, Pacifico Oriental Tropical, Centroamérica, Coleccion de Peces, Diversidad, Tax-
onomia, Biogeografia

Introduction

Natural history collections around the world play a key role in advancing the understanding of the diversity of life.
The biological material contained in collections allow us (1) to have basic knowledge on species diversity and
distribution patterns; (2) to answer questions on phylogenetic systematics; (3) to understand changes in distribution
at different temporal and spatial scales, for example due to habitat loss; and (4) to understand patterns of
introduction of invasive species, as well as the effects of climate change on species diversity and distribution,
among others (see Shaffer ef al. 1998; Sala er al. 2000; Ponder et al. 2001; Vorosmarty et al. 2003; Thiel et al.
2009; Vorosmarty et al. 2010; Hammer 2012). Furthermore, the biological specimens or material (e.g. skeletons,
tissues, otoliths and DNA sequences), are usually the starting point that triggers top-of-the-line research in multiple
scientific fields (Barber et al. 1972; Hammer 2012). In some cases, the outcomes of this research have produced
results that are of significant interest for public health and safety, agriculture, and the conservation of species and
ecosystems; or have allayed some misconceptions and fears in society (Suarez & Tsutsui 2004).

Benefits generated by natural history collections far exceed the cost incurred in their maintenance (Suarez &
Tsutsui 2004), since collections are data sources that support the dissemination of information among the scientific
community and the general public. Thus, collections can help to identify locations where a species of interest might
be present, or facilitate access to specimens from remote locations that can be hard to sample due to distance,
political reasons and lack of financial resources (Suarez & Tsutsui 2004). Moreover, natural history collections can
reduce the redundancy and duplication of collection efforts, whereas the associated online databases can diminish
costs for many research purposes by giving access to basic information that can be readily employed in scientific
publications. Indeed, many museums and collections loan specimens to researchers and exchange specimens with
other institutions. Despite their valuable contribution to society and our broader understanding of global
biodiversity, natural science collections have experienced a decline in funding in recent years (Dalton 2003). As in
many Latin American countries, in El Salvador, funding has been redirected to solve problems relating to public
health and agriculture (Horta-Duarte 2013), neglecting the importance of natural scientific collections.

Founded on 9 October 1883, the Natural History Museum of El Salvador (Museo de Historia Natural de El
Salvador, MUHNES,) is a governmental institution that started as the house of multiple scientific collections
including sections for natural resources, art objects, antiquities and geology. The MUHNES was relocated many
times between 1883 and 1926; initially it was situated in the building of the University of El Salvador, in the city
center of San Salvador, then it was relocated to: the National Library, the House “Villa Espafia”, the “Finca
Modelo” and the Faculty of Pharmacy and Chemistry of the University of El Salvador. From 1927 to 1962 the
MUHNES was placed next to the Presidential House, and in 1941 it was rearranged in two sections, the department
of anthropology and the department of natural sciences (Echeverria 2013). In 1974 the department of anthropology
became the National Museum of Anthropology “Dr. David J. Guzmén”. In 1976 Mr. Saburo Hirao (CEO of the
Japanese company Toyobo Co. LTD) provided financial support for the establishment of the Park Saburo Hirao, in
San Jacinto, department of San Salvador. The main building in the park was assigned to the department of natural
sciences and to house collections of vertebrates, fossils, minerals, rocks and plants.

The ichthyology collection of the MUHNES was formally established in 1970, but it was not until 1976 that
the collection started to mature with the combined support of the first director of the museum, Mr. Victor
Hellebuyck, and the cooperation of researchers from the Service of National Parks and Wild Life of El Salvador
(Servicio de Parques Nacionales y Vida Silvestre, PANAVIS) and the United States Peace Corps (Echeverria 2013).
But the collection also suffered important losses of material after strong earthquakes in 1986 and 2001, with the
latest event affecting almost 60% of the specimens when many glass jars containing specimens broke (Echeverria
per. com. 30 March 2017). As a result, the registry book was rewritten and the collection was reorganized
(Echeverria 2013). Since then, the goal of the MUHNES’s ichthyology collection has been to increase its
geographical and taxonomic scope with the support of national and international ichthyologists.
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The information in the records of the MUHNES’s ichthyology collection is considered an important research
resource for understanding the biodiversity of fishes in El Salvador, particularly because in the last decade
numerous efforts have increased the number of species in the country based on voucher specimens deposited at the
collection (See Rojas et al. 2006; Gonzalez-Murcia & Marin-Martinez 2011; Gonzélez-Murcia et al. 2012; Alvarez
et al. 2013; McMahan et al. 2013; Gonzalez-Murcia et al. 2016). Nonetheless, until now a comprehensive
assessment of the status of the MUHNES’s ichthyology collection has not been carried out, nor has there been an
updated digital format for the catalog book (registry), which limits access to its material. Therefore, this study
pursued the following objectives: (1) to generate the first officially published records of the ichthyology collection
of the MUHNES; (2) to characterize quantitatively and qualitatively the ichthyology collection; and (3) to update
the metadata associated to the specimens in the collection catalog. To the knowledge of the authors, this is the first
effort of this type conducted in the MUHNES, and, with this, we expect it to support research initiatives on fishes
of El Salvador in the near future.

Material and methods

Since its establishment, the MUHNES ichthyology collection data was manually recorded in the registry book. For
each taxonomic lot (rows) the book contains the following information (columns): a unique and continuous catalog
number, with the number 40 as prefix code identifying the ichthyology collection; classification (i.e., order, family,
genus and species); number of specimens; identification date; and collection data including locality, geographic
coordinates, collection date, name of the collector, elevation and collection method. The collection localities and
ecosystem types were categorized as freshwater (F; lakes or rivers), brackish waters (B; estuaries with variables
levels of salinity) or marine (M; coastal areas or open waters, with salinities of 33 to 35mg/l). Inland species were
categorized by salinity tolerance as primary (Pr), secondary (Se) or peripheral (Pe), following Myers (1949) and
previous species occurrence records by McMahan et al. (2013). Additionally the ontogenetic stage of the
specimens as larvae (L), juvenile (J) or adult (A) was determined using anatomical and morphological traits,
coloration patterns and total length.

The size of the collection (688 cataloged taxonomic lots, previous to this revision) allowed us to implement an
intensive examination of each lot, followed by a meticulous taxonomic identification and verification based on the
original descriptions and keys available: Fisher et al. (1995), Bussing (2002), Miller et al. (2009) and Robertson &
Allen (2015). Uncataloged material also was examined, identified and incorporated into the collection. The
resulting species list follows the systematic arrangement proposed by Nelson et al. (2016); species valid names,
their authority(ies), and year of publication are provided according to Eschmeyer et al. (2018). Distribution ranges
were contrasted with the ones reported in the literature (mainly McMahan ef al. 2013 and Robertson & Allen
2015), as well as the Catalog of Fishes Online Database (Eschmeyer er al. 2018) and FishBase (Froese & Pauly
2017).

A description of the progress of the MUHNES ichthyology collection, in relation to the growth of its acquis
and its taxonomic scope, since its establishment in 1970 was done using the catalog information; and a comparison
between the list “Inventory of the Fishes from El Salvador” (MARN 2016) from the Ministry of Environment and
Natural Resources of El Salvador (Ministerio de Medio Ambiente y Recursos Naturales, MARN), and those
species cataloged and vouchered in the ichthyology collection of the MUHNES was performed.

In addition to the revision of the material, the following curatorial work was done on the collection: ethanol
(70%) was replaced when necessary; labels, when appropriate were added to each lot, with the taxonomic and
collection information (species name, collector, person who identified the specimen, date of identification,
location, geographic coordinates and collection date); taxon names were updated and spelling mistakes corrected.
Finally, an electronic updated database (Excel file) of the material hosted in the collection was produced, which can
be accessed by request to the MUHNES staff.
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Results
Development of MUHNES fish collection

Following our revision completed on December 2017, the MUHNES collection is composed of 3791 specimens in
1005 lots. This represents an increase of 46% (317 lots) compared to the number previously cataloged (688 lots
accessioned between 1974 and April 2017) (Fig 1). The oldest cataloged lot dates from 1974 (MUHNES 40-198),
contains two specimens of the Panamic Frillfin Bathygobius ramosus Ginsburg 1947, collected by L. Nylor in La
Barra de Santiago, Ahuachapan. Overall, relevant contributions to the ichthyology collection were made by L.
Nylor (1974—1980), P. Phillips (1976), E. Le6n and S. Andino (1977-1989), J.J. Orellana (1983—-1989), E. Barraza
and M. Vazquez (1989-2017), R. Robertson and C. Baldwin, (2001), M. Méndez (2006), C. Marin (2009-2011), S.
Gonzélez-Murcia (2009-2017) and F. Alvarez (2011-2017). The specimens deposited by those researchers
represent 85% of the specimens held in the collection (Fig. 1).

4000 r 300

. Specimens
3500 -

C—Lots .
== D’

w3000 4 PR
z p--B--m
) -@- cie
2 Species /l L 200 -
'S 2500 4 ’ 2
2 ()
=2 53
2 e A | =
5 - 2
S 2000 A o = = = = — -2 = 150 %
2 4 =
[ / o

f £
S 4 [
= 1500 K £
5 o L 100 iz
e
g 1000
4

- 50
500
0 JIj_ ,l:L L . L +0
A KN Q 3 A
¢ FF S e‘*’“ S e“"’ Kl SOOI
& & & , P & & WG
KR Q% e,oo q% & &Y ¢ qﬂ‘o Q@ Q@ @” & & NS
N N N N N o N N N N N N N > > v v > > Vv v v

Years

FIGURE 1. Cumulative number of accessioned specimens, lots and species from 1974 to 2017 by 2-year periods, at the
MUHNES ichthyology collection.

During the period 1974-2017 the MUHNES acquisition of specimens was not constant (Fig. 1). Some periods
showed remarkable increments in the number of specimens added to the collection, these include 1978-1979,
2000-2001 and 20102011, with a contribution of 12%, 15% and 52% respectively. These events represent
research campaigns conducted by L. Nylor (1974-1980) along the coast of the departments of Ahuachapan,
Sonsonate, La Libertad, La Paz and La Unidn; the collections of R. Robertson and C. Baldwin (2001) during their
exploration of the EI Salvador coast (321 km) on the Research Vessel Urraca from the Smithsonian Institution; and
multiple research initiatives in 2010-2011 that provided specimens from Sonsonate, La Libertad, San Vicente and
La Unioén. During the last period, important specimens were added to the collection, such as the first specimens of
larval stages of fishes from marine origin collected by Marin-Martinez (2011), the first El Salvador records of the
clingfish Tomicodon zebra (Jordan & Gilbert 1882) (Gonzalez-Murcia & Marin-Martinez 2011), and the live-
bearer Pseudoxiphophorus anzuetoi (Rosen & Bailey 1979) (Alvarez er al. 2013). Also, many freshwater
specimens were added from an intensive collection campaign in several watersheds of El Salvador, which provided
a better understanding of the distribution of the inland fishes of the country.

Regardless the relative short time of existence of the MUHNES ichthyology collection (about 4 decades), it
has a strong historical and scientific significance by (1) holding specimens that represent relatively well the
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biodiversity of fishes in El Salvador; (2) contributing towards the scientific development of the country by
allowing researchers access to the specimens; and (3) supporting scientific records published in peer review papers.
As previously mentioned, currently there is a digital copy of the catalog information that is expected to be the
starting point to launch the information of the ichthyology collection on a digital open-access portal in the near
future. To date, the collection continues to expand, with new material arriving and waiting to be processed and
cataloged.

Geographic and taxonomic scope of the MUHNES fish collection

The MUHNES ichthyology collection is composed of 3791 specimens representing 26 orders, 75 families, 159
genera, and 248 species, plus 28 lots that remain without species-level identifications (Table 1). The most recent
and complete inventory of the fish species occurring in El Salvador reported a total of 139 families and 587 species
(MARN 2016). This revision supports the addition of 47 species, reaching 634 species. From these 634 species
recorded in El Salvadorian waters, 248 (39%) have voucher specimens in the MUHNES ichthyology collection
(Table 1).
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FIGURE 2. Collection localities represented at the MUHNES Ichthyology collection. Inland aquatic ecosystems, divided by
hydrogeographic regions, marine environments, protected areas and the political division of El Salvador are illustrated. A =
Ahuachapan, B = Sonsonate, C = Santa Ana, D = La Libertad, E = Chalatenango, F =San Salvador, G = Cuscatlan, H = La Paz,
I = Cabaiias, J = San Vicente, K = Usulutan, L = San Miguel, M = Morazan N = La Union.

The MUHNES collection is focused on local fish fauna and there are specimens from multiple regions,
watersheds and ecosystems in El Salvador (Fig. 2). Biogeographically, all freshwater specimens and species hosted
by the collection belong to the Chiapas-Nacaome area, within the Nuclear Middle America region (Matamoros et
al. 2012a; Matamoros et al. 2015), previously considered the Chiapas-Fonseca province of the Central America
region by Abell ez al. (2008). Marine specimens belong to the Panamic zoogeographic province, which spans from
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Mazatlan bay, approximately ~23°N, to the Gulf of Guayaquil, Ecuador-Peru, approximately ~4°S, within the
Tropical Eastern Pacific (TEP) (Robertson & Cramer 2009). Currently, the collection does not host material from
other biogeographical areas within the TEP, nor other parts of the world.

A total of 210 lots (21%) belong to freshwater environments, whereas 291 (29%) and 504 (50%) belong to
brackish and marine ecosystems, respectively (Table 1). Most species were collected exclusively in one
environment, marine (170, 61%), brackish (16, 6%) or freshwater (27, 10%), while few species were collected in
two or three different environments: marine/brackish (49, 17%), brackish/freshwater (9, 3%) and marine/brackish/
freshwater environments (9, 3%) (Table 1). Based on the categorization of Myers (1949) and previous records
presented by McMahan et al. (2013), Alda et al. (2013), Palacios et al. (2016) and Alvarez et al. (2017) for inland
fishes of El Salvador, there are four primary freshwater species (3%), 24 secondary species (23%) and 73
peripheral species (73%). All the primary species, 87% (21/24) of the secondary species [excluding Amatitlania
coatepeque Schmitter-Soto 2007, synonymized with 4. nigrofasciata (Giinther 1867) by McMahan et al. (2014);
Poecilia butleri Jordan 1889 and P. gillii (Kner 1863) reported by McMahan et al. (2013), because molecular
evidence suggest that these species do not occur in El Salvador (Alda et al. 2013; Palacios ef al. 2016)] and 68%
(50/73) of the peripheral species reported by McMahan et al. (2013) have voucher specimens deposited at the
MUHNES collection. In addition, 23 new records of peripheral species were added to the list of McMahan et al.
(2013), increasing the number of peripheral fishes to 96 and the number of inland fishes for the country to 124
(Table 1). There are 1358 species of shore fishes reported for the TEP biogeographic area (Zapata & Robertson
2007; Robertson & Allen 2015) and the MUHNES houses representatives of about 16% (227) of those species. The
collection hosts fishes in larval (92 individuals, 2%), juvenile (443, 12%) and adult (3265) stages (Table 1).

In this contribution, we extend the known distribution range of the Kreiser’s Killifish Profundulus kreiseri
Matamoros, Schaefer, Hernandez & Chakrabarty 2012 (Profundulidae). Records for this species were restricted to
Chamelecon and Ulua rivers in Honduras (Matamoros ef al. 2012b) and the department of Santa Ana and
Chalatenango, El Salvador (McMabhan et al. 2013; Salgado Maldonado et al. 2014; Mendoza-Franco et al. 2015;
Pinacho et al. 2015). The new records are from Morazan, northeast El Salvador. At the regional scale, we also
recommend extending the distribution range of the Congo Sea-Catfish Cathorops fuerthii (Steindachner 1876)
(Ariidae) to the coast of El Salvador, as it previously was reported to occur from Panama Bay to Costa Rica
(Robertson & Allen 2015). Finally, the Star Silverside Atherinella starksi (Meek & Hildebrand 1923)
(Atherinopsidae) is herein reported for locations in the departments of La Unién and La Libertad, complementing
its previously reported distribution range, sensu Robertson & Allen (2015), from Ecuador to Nicaragua, and further
to Mexico. The El Salvador records reduce the large gap in distribution records for this species that existed between
the latter two countries.

Discussion

The MUHNES ichthyology collection hosts a modest, but relevant number of specimens to the scientific
community. They constitute a reference for the taxonomic identification and occurrence record of species in El
Salvador. In this regard, the collection represents a potential source of information regarding to the ecological and
biological traits of each species by providing information about temporal and spatial changes on species
distributions within the country. For El Salvador, the MARN (2016) reported a total of 587 species. Our assessment
supports the occurrence of 47 additional species, reaching a total of 634 species, for which 248 species (39%) have
voucher specimens in the MUHNES ichthyology collection. This contribution fills gaps about the knowledge of
fish biodiversity in the country, and offers a new perspective about distribution patterns of fish species, at both
local and regional scales. Both are of paramount importance considering that effective strategies for management
and species conservation must be based on accurate information.

The MUHNES ichthyology collection is the largest in El Salvador with 248 species and 3791 specimens. The
Instituto de Ciencias del Mar y Limnologia (ICMARES) of the Universidad de El Salvador has the second largest
collection of the country with about 2372 specimens and 212 species (Chicas-Batres & Gonzalez-Leiva 2016).
Paradoxically, some international collections have a similar or greater number of specimens from El Salvador than
its two national collections combined (see Chicas-Batres & Gonzalez-Leiva 2016). Records of fish specimens from
all those collections are highly important for the understanding of fish biodiversity in EI Salvador, and cooperation
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should be pursued. Therefore, we suggest combining efforts to integrate information and make it accessible
through an open access media (e.g., online databases), and incorporate it to similar initiatives such as FishBase
(Froese & Pauly, 2017), FishNet 2 (http://www.fishnet2.net/ index.html), the computerized form of the Catalog of
Fishes (Eschmeyer, 2018), the Global Biodiversity Information Facility (GBIF, https://www.gbif.org/) or WORMS
(Horton et al. 2018; http://www.marinespecies.org/index.php). In this sense, access to the collection data may
reduce the redundancy and replication of research efforts and can allow more efficient allocation of resources,
which in most cases are limited. Therefore, digitization of the data of the MUHNES ichthyology collection is an
admirable first step towards the dissemination of the knowledge on fishes from the country.

Future perspectives of the museum must respond to national plans for research and biodiversity conservation.
Primary interest must be directed to the collection of specimens that comprehensively represent the ichthyological
diversity of El Salvador, including if possible tissue samples for DNA extraction, which can help to solve
taxonomic conundrums in some species complex or groups (Robertson er al. 2017). It is critically important to
increase the number of specimens and species particularly for freshwater taxa. Changes in land use and pollution
(Sala et al. 2000) have affected the majority of freshwater ecosystems in El Salvador leading species towards the
categories of collapsed, endangered or critically endangered (Crespin & Simonnetti 2015; 2016), exerting a strong
pressure on the biodiversity. On the other hand, collection efforts must consider gathering specimens from the great
diversity of environments in El Salvador, including lakes, rivers, estuaries, rocky, sandy and muddy shores, and
offshore habitats. Deep sea environments in particular have recently shown a great diversity of fishes (Fuentes et
al. 2015; Robertson ef al. 2017) and still harbour undescribed species; for instance, based on a specimen from El
Salvador, the species Leptoderma ospesca Angulo, Baldwin & Robertson 2016 was recently described for the
Pacific Central American coast (Angulo et al. 2016).

Early life stages of fishes should also be taken into consideration as part of the process to increase collection
acquisitions; early stages of fishes can provide valuable information on the taxonomy, phylogeny and ecology of
species. In El Salvador and more generally in the TEP, there is a lack of taxonomic information about early life
stages of fishes. The MUHNES ichthyology collection hosts a relative small number of eggs and larvae. However,
the highly variable nature of fish eggs and larval traits make them difficult to identify using only morphological
characters (Thiel et al. 2009; Ko et al. 2013; Leis 2015), and the collection of material for DNA barcoding should
be consider. Eventually, the MUHNES ichthyology collection could focus efforts on being a reference collection in
the region, promoting the incorporation other biogeographical areas within the TEP, and when possible, from other
regions in the world, as well as specimens from other taxonomic groups, such as Myxini (hagfishes),
Petromyzontida (lampreys), Holocephali (chimaeras) and Sarcopterygii (lobe-finned fishes).

A strong collection focused on fishes from El Salvador will promote new research areas at MUHNES such as
the delineation of biogeographic areas, detection of areas with high species richness (hot spots) or endemicity (e.g.
Zapata & Robertson 2007; Abell et al. 2008; Robertson & Cramer 2009; Matamoros et al. 2012a; Matamoros et al.
2015; Robertson et al. 2017) and genetic assessments of populations (McMahan et al. 2013; McMahan et al. 2014;
Robertson et al. 2017). Furthermore, adding ecological data to the fish collection sites can favour the development
of models to predict changes in distributions due to environmental conditions expected under different climate
change scenarios (Sala et al. 2000).

In conclusion, the first qualitative and quantitative assessment of the MUHNES ichthyology collection
registered 3791 individuals in 1005 lots that encompass 276 taxa, of which 248 are identified to the species level. A
total of 47 species records are added to the national checklist of fishes (MARN 2016) and the known distributions
of three species (Profundulus kreiseri, Cathorops fuerthii and Atherinella starksi) are expanded based on
MUHNES vouchers from El Salvador. This information is a valuable contribution to the knowledge of the
biodiversity from El Salvador and establishes an official starting point for future fish research in the country.
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