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Abstract 
 

The shortfin molly, Poecilia mexicana Steindachner, 1863, is an ovoviviparous fish. Unfortunately, the structural 

characteristics related to the digestive biology of this fish are still poorly known. In the current study, detailed characterization of 

the digestive system was conducted for P. mexicana from natural brackish water in Thailand, based on morpho-histological 

observation and gut content analysis. Forty fish were collected in February 2020 from a small canal at Samut Prakan province. 

They were then classified into two size groups for 2.00-4.00 and 4.01-6.00 cm in total length. Results showed that the 

morphology of the digestive tract is similar in the two groups; it was composed of the terminal mouth, the villiform teeth in both 

upper and lower jaws, pharyngeal teeth, short esophagus and very long intestine. The intestine coefficients of the two groups 

were 1.64 ± 0.37 and 2.23 ± 0.38, respectively, suggesting that P. mexicana is an omnivorous fish. The gut contained a few prey 

items in both groups, in which detritus and pieces of plants dominated followed by phytoplanktons, indicating that this fish is a 

detritus feeder in the small canal. Importantly, many histopathological alterations were recorded, especially necrotic acinar cells 

and melanomacrophage centers. Although this species is generally considered to be tolerant to environmental changes, these 

results suggest that environmental problems had caused several lesions (gill, liver and kidney) in P. mexicana. Overall, this study 

provides basic knowledge about feeding ecology of this poorly studied species, warranting further research. 
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1. Introduction 
  

 Knowledge of feeding ecology is of great value for 

understanding ecological roles of a species in aquatic 

ecosystems. Such information could help the development of 

sustainable management of fish (Melo Germano et al., 2014) 

and provide a better understanding of trophic levels and food 

web in the environment (Garvey, Dingledine, Donovan & 

Stein, 1998). Morphological characteristics of the digestive 

system, such as intestine coefficient, are useful for 

understanding the feeding ecology of a species. In addition, 

gut content analysis is typically considered as the best method 

(Hyslop, 1980) to understand the feeding ecology because it is 

a relatively simple approach but a good source of information 

about the feeding habits (Ducommun, Beltzer, Virgolini & 

Quiroga, 2010; Kaifu, Miyazaki, Aoyama, Kimura & 

Tsukamoto, 2013). These methods have been applied 

successfully in many fishes such as Mugil cephalus, Selene 

peruviana and Eucinostomus currani (Ramírez-Luna, Navia 

& Rubio, 2008), Rastrelliger kanagurta (Sivadas & 

Bhaskaran, 2009), Terapon jarbua (Manoharan, 

Gopalakrishnan, Varadharajan, Thilagavathi & Priyadharsini, 

2012) and Cyprinion mhalensis (Ahmad, Alharthi, Albalawi 

& Alakel, 2013). 

Fishes are among the most feasible organisms for 

ecological assessment with multiple methods and biomarkers 

(Frame & Dickerson 2006; NRC 1991; Senarat, Kettratad, 

Poolprasert, Jiraungkoorskul & Yenchum, 2015; Senarat et 

al., 2018, 2020). In particular, quantitative histopathology is a 

suitable and sensitive method to assess the fish health under 

stressful conditions and for environmental illnesses 

(Dalzochio, Zimmermann, Petry, Gehlen & da Silva, 2016; 

Senarat et al., 2020; Wedderburn et al., 2000). There have 

been many reports of histopathological alterations in fish from 

polluted areas, such as vacuolar degeneration of hepatocytes 

and severe lipidosis of Micropterus salmoides liver from the 

polluted Pigeon River, USA (Teh, Adams & Hinton, 1997).  

Senarat et al. (2015) reported the degeneration of kidney and 

liver of Hemibagrus filamentus living in the Tapee River, 

Thailand, which is located near the agriculture area. Ovarian 

degeneration and atresia have also been found in fish living in 

polluted areas (Senarat et al., 2020). Severe alterations 

including aneurysms, edema, hyperplasia, and lamellar fusion 

of gill were observed in Luciobarbus bocagei, 

Pseudochondrostoma sp., and Oncorhynchus mykiss 

inhabiting a highly toxic area of Northern Portuguese rivers, 

Portugal, polluted with heavy metals (Fonseca et al., 2017). 

The shortfin molly Poecilia mexicana is an 

ovoviparous live-bearing poecilid that inhabits a wide range of 

habitats with freshwater, blackish water and seawater. This 

fish is a popular ornamental fish because of its fascinating 

abilities, including high survival in freshwater, tolerance to 

brackish water, rapid reproduction, and easy breeding to 

produce a lot of fries (Bragance, Ramos-Junior, Guimaraes, & 

Ottoni, 2019). However, these abilities can also degrade the 

local ecological structure (Bragance et al., 2019) if they have 

an overlap in the food web with existing species. A previous 

study has suggested that the principal diet of P. mexicana 

from central Mexican Gulf consists of algae (Rafael, Arturo, 

& Horacio, 2015); however, basic information about the 

digestive biology and health status of this fish in Thailand is 

very limited. It should be emphasized that fish in the same 

genus, and even the same species from different habitats, can 

have different feeding ecology in different environments 

(Kaifu et al., 2013). We therefore aimed to investigate the 

digestive biology of P. Mexicana invading the small brackish 

water in Samut Prakan province, Thailand. Because this area 

is close to industrial and urban areas, we also conducted a 

health assessment using histopathology. The results help us 

understand the feeding ecology of this species in conjunction 

with its health status in the local aquatic ecosystem.  

 

2. Materials and Methods 
  

Forty individuals of P. mexicana were obtained 

from Suksawadi Canal (No. 84), Samut Prakan province, 

Thailand, using a fine mesh in a single sampling trip in 

February 2020. All fish were euthanized by rapid cooling 

(Wilson, Bunte, & Carty, 2009), by immersion in cold water 

(2 to 4 °C) from water/ice 1:1 mix for about 20 min. Total 

length (TL), total weight (TW) and standard length (SL) were 

measured from all fish. Environmental parameters in this 

study include average salinity 10.5 ± 0.03 ppt, average 

temperature 30.2 ± 0.12 ºC and average pH 7.50 ± 0.01. The 

experimental protocol was approved by the Animal Care and 

Use Committee of Faculty of Science in accordance with the 

guide for the care and use of laboratory animals, prepared by 

the Chulalongkorn University (Protocol Review No. 

1923026). 

 

2.1 Morphology and histology of digestive system 
  

The whole fish (n = 5 each; 10 representative 

individuals were separated into two size groups, 2.00-4.00 cm 

and 4.01-6.00 cm, hypothesizing different digestive 

morphology and gut contents) was kept in Davidson's fixative 

solution for 48 hr at room temperature and then transferred to 

70% EtOH. To study the morphology and histology of the 

digestive system, all samples were investigated for their gross 

anatomies and processed by the histological procedures 

described by Presnell & Schreibman (1997) and Suvarna, 

Layton & Bancroft (2013). Paraffin blocks were 

longitudinally sectioned to 4 µm thickness using a microtome 

(Leica Biosystems) and then stained with Harris’s 

hematoxylin and eosin (H&E). Analysis of the H&E-stained 

sections was conducted for the digestive system and other 

important organs including gill, kidney, brain, and spleen 

under a light microscope. Photographs were taken using an 

Olympus CX31 digital camera, Germany.  

 

2.2 The gut content analysis 
 

Thirty fish were fixed as a whole in Davidson's 

fixative solution for 48 hr at room temperature and then were 

kept in 70 % EtOH. After the fixation, the lengths of their 

digestive tracts were measured to determine the intestine 

coefficient (IC). The IC was calculated as intestine length 

(IL)/SL (Angelescu & Gneri 1949). The gut contents were 

then longitudinally dissected out from all the fish and 

observed under Dino Eye Piece AM-423C equipped with a 

digital camera. The composition of gut contents was identified 

according to the guidelines of Tomas (1997) and Casanova & 

Boltovskoy (1999). The percentages by volume (%V) were 

computed following the standard guidelines of Pinkas, 
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Oliphant & Iverson (1971) and Hyslop (1980).  

 

3. Results and Discussion 
 

3.1 Morphometric observations 
 

 All morphometric data of P. mexicana are shown in 

Table 1. Based on the total length of fish, we classified them 

into two size groups including 2.00-4.00 and 4.01-6.00 cm. 

The average total lengths of these groups were 3.37 ± 0.30 cm 

and 4.71 ± 0.44 cm, respectively. 

 

3.2 Morphology and gravimetric analysis of digestive  

      system  
 

 A small terminal mouth was observed with close-set 

villiform teeth in both upper and lower jaws (Figures 1A-1B). 

The gill raker was projected from the branchial arch (Figure 

1C), and the number of gill rakers varied from 21 to 23 slits. 

The shape of gill rakers was similar to short conical knobs, 

which is known to be associated with the feeding habit 

preferring small prey (Bentz, 1976; Gibson, 1988; King & 

Macleod, 1976; Mok & Munro, 1991; Rodriguess & Menin, 

2005). 
   

 
 

Figure 1. Morphological observation of the digestive system in 

Poecilia mexicana. Representative images showing the 
terminal mouth (A, arrow) and teeth arrangement of upper 

jaw (B, arrow). A short conical knob-like gill raker (Gr) 

and gill filament (Gf) were observed (C). Within the 
peritoneal cavity (D), the liver (Li) and long intestine (In) 

were found. 

Well-developed pharyngeal teeth were found in the 

pharynx, and a straight and thick esophagus was connected 

with the pharynx. No stomach was anatomically identified. A 

long and thin intestine was clearly found (Figure 1D). The 

average length of digestive tract (from esophagus to intestine) 

is shown in Table 1. The intestine coefficient (IC) was 1.64 ± 

0.37 and 2.23 ± 0.38 for the 2.00-4.00 cm and 4.01-6.00 cm 

groups, respectively. It is well known that IC reflects the 

trophic level in fish; the IC is reported to be 1.25 in 

carnivorous Leporinus friderici and 1.14 in L. taeniofasciatus 

(Albrecht, Ferreir & Caramaschi, 2001), whereas the IC is 

above 2.0 in omnivores Ctenopharyngodon idellus (Nie & 

Hong, 1963). The IC values of 1.64 - 2.23 suggest that P. 

mexicana is an omnivorous fish. 

 

3.3 Histology of the digestive tract and accessory  

      organs   
 

We also histologically examined the digestive 

system of P. mexicana. It consisted of two distinct parts, the 

digestive tract (oral cavity to the intestine) and the accessory 

organs (liver, pancreas and gall bladder). 

The prominent teeth in the stratified epithelium 

were covered the maxillary (upper jaw) and the mandible 

(lower jaw) (Figure 2A). This teeth arrangement is similar to 

those of some other fishes such as Sungei Buloh (Mok & 

Munro, 1991) and Neostethus lankesteri (Palasai, 2016) that 

feed on small aquatic animals (Mok & Munro, 1991), 

suggesting that small aquatic animals are the major prey of P. 

mexicana. The barely developed tongue supported by the 

hyaline cartilage (Figure 2B) closely resembled the structure 

of herbivore (Senarat et al., 2015). This is in contrast to 

carnivorous Esox Lucius, whose tongue is well developed 

containing apex, body and root (Sedeghinzad et al., 2014). 

The pharynx contained pharyngeal teeth plates (Figure 2C) 

and prominent pharyngeal villiform teeth (Figures 2D). The 

pharyngeal teeth are known to act as a grinding mill (Tibbetts 

& Carseldine, 2005). Hence, we speculate that P. mexicana 

might masticate the prey rather than directly swallowing them 

into the intestinal tract. Between the pharynx and esophagus, 

there was a clearly observable taste bud (Figure 2E). At the 

junction of pharynx and esophagus, the stratified squamous 

epithelium of the pharynx abruptly changed to the simple 

squamous epithelium (Figure 2D). Several mucous-secreting 

cells were observed in esophagus (Figure 2E). Histologically, 

esophagus was a narrow tube consisting of four main layers: 

the mucosa, submucosa, muscularis, and serosa (Figure 2F). 

The clear longitudinal fold was abundantly observed, forming 

finger-like projections consisting of mucosa and submucosa 

(Figure 2F). The mucosal layer contained squamous 

 
Table 1. Summary of average morphometric data (mean±SD) on Poecilia Mexicana from Thailand 

 

 
Total length 

(TW) 
Standard length 

(SL) 
Total weight 

(TW) 
Intestine length 

(IL) 
Intestine coefficient 

(IC) 

      

Group 1 

(2.00-4.00 cm. in total length,  
n = 12) 

 

3.37±0.30 

 

2.64±0.22 

 

0.59±0.13 

 

5.52±1.32 

 

1.64±0.37 

Group 2 

(4.01-6.00 cm. in total length,  
n = 18) 

 

4.71±0.44 

 

3.65±0.35 

 

1.63±0.48 

 

10.59±2.34 

 

2.23±0.38 
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Figure 2. Light microscope observations of the digestive tract of 
Poecilia mexicana. Representative images of mouth lining 

with teeth (Te) within the oral cavity [Oc] (A), hyaline 

cartilage (Hy) of tongue (B), pharyngeal teeth [Pt] (C), 
conjunction between pharynx (Ph) and esophagus (Es) 

showing several teeth (Te) (D), and high magnification 

showing the transition of stratified epithelium (Ep) in 

pharynx to simple squamous epithelium (Ep) in esophagus 

(Es) (E). Esophageal wall was composed of four layers 

including mucosa (Mu), submucosa (Su), muscularis 
(Mus) and serosa (Se) (F). The simple squamous 

epithelium (Ep), mucous secreting cell (Ms) and lamina 

propria (Lp) of mucosal esophagus were also observed 
(G). Circles = taste buds 

 

epithelium, mucous-secreting (goblet) cells and lamina 

propria, a thin layer of connective tissue (Figure 2G). The 

goblet cells are considered to play a role in lubrication, 

immunological responses against bacterial infections, and 

osmoregulation (Harder, 1975; Cataldi, Cataudella, Monaco, 

Rossi & Tancioni, 1987). A rich anastomosing network of 

muscularis (Figure 2F) had two layers of smooth muscle: an 

inner circular layer and an outer longitudinal layer, which play 

a major role in the movement of food items. 

The intestine was classified into anterior and 

posterior intestines (Figure 3). The composition of intestinal 

wall was similar to that of esophagus, but the mucosal layer of 

the anterior intestine was covered with a simple ciliated 

columnar epithelium and contained a higher number of 

mucus-secreting cells than esophagus (Figures 3A-3B). 

Compared to the anterior intestine, the posterior intestine had 

less folding and rarely formed a finger-like structure, but had 

a high number of mucus-secreting cells in the mucosal surface 

observed (Figure 3C-3D). Since the intestinal mucus-secreting 

cells are known to play a key role in lubrication, transport of 

food particles, defecation, and protection of the epithelial 

layer rather than absorptive functions (Murray, Wright, & 

 
 

Figure 3. Light microscope observations of the anterior intestine (A-

B) and posterior intestine (C-D) of Poecilia mexicana.  

Abbreviations: Ep = epithelium, Lp = lamina propria, Mv 
= microvilli, Mu = mucosa, Mus = muscularis, Se = serosa, 

Su = submucosa, circles = taste buds 
 

Goff, 1994; Purushothaman et al., 2016), the involvement of 

increased mucous-secreting goblet cells may be a protective 

barrier for mucosal layer and lubrication leading to fecal 

expulsion (Murray et al., 1994). 

 

3.4 Accessory organs 
 

The liver and pancreas of P. mexicana were 

considered to be accessory digestive organs. The liver plays 

multiple roles including glycogen storage, detoxification and 

metabolism (Genten et al., 2009). The hepatic cords or lobules 

were extremely difficult to identify in the liver tissue, but a 

complex network of hepatocytes and the central vein was 

observed (Figure 4A). It is well-known that glycogen is an 

energy reserve found in hepatocytes, as reported in Ictalurus 

punctatus (Hunton & Pool, 1976), Oreochromis niloticus 

(Vicentini et al., 2005) and Hippocampus barbouri (Senarat et 

al., 2021). An anastomotic network of sinusoids was formed 

between hepatocytic cords (Figure 4A). The pancreas was 

histologically inserted into the hepatic tissue, forming the 

“hepatopancreas” (Figure 4B). The pancreatic exocrine glands 

were observed as a small island of acinar cells or secretory 

acini (Figure 4B). A key role of this cell is to produce 

digestive enzymes for the breakdown of food (Buddington & 

Kuzmina, 2000). Portal afferent veins were also found.  

 

3.5 Gut content analysis  
  

Our observations showed that P. mexicana with 

standard length of 2.0-4.0 cm feeds on various types of food 

(Figure 5A). The detritus or pieces of plants accounted for the 

largest proportion (99.98%). Cyanobacteria, diatoms and 

dinoflagellates were minor contributions that occupied only 

0.02%. Within the minor composition, diatoms showed the 

highest proportion (50.73%), followed by cyanobacteria 

(39.67 %) and dinoflagellates (9.59%). These data are similar 

to those on P. mexicana living in the central Mexican Gulf 

(Rafael et al., 2015). No eggs or juvenile fish were observed 

in P. mexicana gut. This situation was similar in the fish with 

standard length of 4.1-6.0 cm (Figure 5B). Diatoms were the
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Figure 4. Light microscope observations of the liver (A) and 

pancreas (B) of Poecilia mexicana.  Abbreviations: Ac = 

acinar cell, Cv = central vein, He = hepatocyte, Si = 
sinusoid 

 

 
 

Figure 5. Gut content analysis of Poecilia mexicana grouped by 

lengths in 2.0-4.0 cm (A) and in 4.1-6.0 cm (B) 

 

most abundant (54.37 %), followed by cyanobacteria (38.87 

%) and dinoflagellates (6.76 %). Livinsgton (1982) reported 

that the juvenile molly fish do not have a specific dietary 

requirement, but adult fish select specific food items. Results 

from this study suggest that adult P. mexicana can also 

survive on non-specific diets. Diatoms occupied the higest 

percentage of phytoplankton, possibly reflecting their 

dominance in the river, where the nutrients are supplied from 

river discharges, sewage, and water circulation process 

(Thongdonphum, Meksumpun, Meksumpun, Sawasdee, & 

Kasemsiri, 2010). Pollution Control Department (2019) also 

reported that the biochemical oxygen demand (BOD) of this 

river and NH3-N content 1.8 - 8.2 mg/L and 0.24 - 3.19 mg/L, 

respectively, reflecting high contents of dissolved organic 

matter. The high abundance of diatoms in the P. mexicana gut 

hence may be related to high nutrient loads by anthropogenic 

activities. Overall, results of the gut content analysis suggest 

that P. mexicana could be a detritus feeder in the small canal 

in Thailand, which is different from previous observations. 

Namely, Rafael et al. (2015) reported that P. mexicana 

inhabiting in the central Mexican Gulf is primarily herbivore 

consumer, whereas this species is planktophagous and 

insectivorous in a temporary pool near Tlacotalpan, in the 

Mexican southeast (Tessy, Sharon, & Omar, 2021). Since the 

diet composition of this fish varies depending on the 

environment, this species should have the ability to adapt to 

different trophic levels (Trujillo-Jiménez & Toledo, 2007).  

 

3.6 Histopathological examination 
 

Our histolopathological examination showed that 

coagulative necrosis in the liver was rare in both groups with 

20% prevalence (Figures 6A-6B), but acinar necrosis was 

prominent (100%, Figure 6C). The renal degeneration in the 

kidney (Figure 6D), as well as edema (Figure 6E) and 

aneurysms in gill (Figure 6F) were found in about 20% of the 

specimens. It is reported that exposure to high levels of heavy 

metals could damage the gills causing edema and aneurysms 

(Fonseca et al., 2016). These are suggested to be defensive 

mechanisms (Arellano, Storch, & Sarasquete, 1999; Nimet, 

Neves, Viana, Amorim, & Delariva, 2020). 

The melanomacrophage center (MMC) is a group of 

brown cells commonly embedded in various organs including 

pancreas (Figure 7A), mesentery (Figure 6B), granuloma 

(Figures 7C-7D), brain (Figure 7E), kidney (Figure 7F-7G) 

and spleen (Figure 7I). MMCs were found in both examined 

groups in this study. It is possible that MMCs are indicative of 

environmental contaminant exposure and infection. 

Roganovic et al. (1998) reported that increased MMCs are 

associated with contaminant exposure and parasitic 

infestation; the MMCs are also linked to other factors such as 

sex and stock density (Steinel & Bolnick, 2017).                                                                                             

Integrating the histopathological changes observed 

in the liver, pancreas, kidneys and gills of P. mexicana, the 

fish used in this study may be exposed to chemical 

contaminants or environmental stress. However, very little is 

known of the current condition of this river because of the 

lack to environmental studies. Only aforementioned BOD and 

NH3-N contents are reported, which should be associated with 

high nutrient loads and anthropogenic activities. Further 

studies on the water quality along with the histopathological 

analysis on P. mexicana living in the small canal are 

warranted.  

  

4. Conclusions 
  

In this study, we showed morphological and 

histological characteristics of the digestive system in P. 

mexicana. This fish is considered to be a detritus feeder and 

generalist feeder in the small canal of Thailand because the 

detritus or pieces of plants accounted for the highest 

proportion of the gut content (99.98%). The feeding ecology 
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of P. Mexicana thus does not clearly indicate the direct impact 

of this invasive species in the trophic system of the canal, but 

further study will be required in the fields of population 

ecology and reproductive biology to fully understand its 

ecological role. Histopathological alterations, especially 

necrotic acinar cells of pancreas and MMCs, suggest potential 

health problems of this species in the habitat studied.   
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