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Abstract. Studies on feeding ecology provide information of great importance to the understanding of aquatic 
ecosystems. However, these studies usually require the sacrifice of animals. In view of this problem, the presently 
reported study aims to evaluate the effectiveness and applicability of the gastric lavage method for small catfishes. 
There was no mortality recorded for the 80 specimens of Rhamdia quelen (Quoy et Gaimard, 1824) and after 
recovery from anaesthesia all fish presented a normal swimming pattern. With the gastric lavage method we were 
able to retrieve 71.4% of the stomach contents of 34 specimens of Pimelodella pappenheimi Ahl, 1925. These 
results serve as a stimulus for studies prioritizing non-lethal techniques. These methods would ensure greater 
knowledge about ecology and conservation of smaller fishes, especially to populations of small and rare species 
that are the most endangered in freshwater systems.
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Fish stomach content analysis provides information 
of great importance to our understanding of aquatic 
ecosystems (Braga et al. 2012). Studies of fish feeding 
ecology usually require sacrificing a great number of 
individuals (Petridis and O’Hara 1988, Barnett et al. 
2010). This can inflict severe effects on natural populations 
since it can reduce genetic diversity to deleterious levels 
(Kamler and Pope 2001), alter population structure 
(Light et al. 1983), and even create a bad impression 
of fisheries science to the society as a whole (Hakala 
and Johnson 2004). The situation is even worse when 
dealing with a species or a population that is already 
threatened (Shuman and Peters 2007). In these cases, 
because of the legal protections involved, it becomes 
necessary to use non-lethal methodologies (Grohs et al. 
2009). Non-lethal methods are also of great importance in 
experimental studies in which it is necessary to capture, 
manipulate, and recapture the same individual (Baxter et 
al. 2007). In addition, there are also ethical considerations 
involved and we must reduce the number of animals used 
through appropriate experimental planning and statistical 
techniques (Russel and Burch 1959, Leary 2013).

The gastric lavage (GL) method using a syringe to 
inject water through the mouth and oesophagus is the most 
promising one for small sized species (Meehan and Miller 
1978, Hyslop 1980, Kamler and Pope 2001). However, 

many risks that may be associated with this method were 
not properly considered and/or tested, such as stress, 
prolonged handling time, tissue damage in the oesophagus 
and stomach (Shuman and Peters 2007), as well as 
survival and longevity after release back into the natural 
environment. Also the efficiency of GL can be affected by 
the stomach shape, the size of the mouth, and food items 
of particular fish species (Kamler and Pope 2001, Waters 
et al. 2004), thus, reliability should be established for 
studied population or at least for typical model species of 
a larger group of similar species or higher taxa.

The freshwater Neotropical ichthyofauna is marked 
by small-sized species, especially in streams with high 
number of rare, endemics or small size populations 
(Castro 1999, Abilhoa et al. 2011). These characteristics 
are serious reasons to use non-lethal methods of stomach 
(gut) content sampling. Although a considerable number 
of non-lethal methods for obtaining stomach contents are 
known (Kamler and Pope 2001, Manko 2016) and should 
be appropriate and suitable for the Neotropical fish fauna, 
there is no record of their use with Neotropical stream 
fishes. At the same time a large fraction of these species 
remains unknown in relation to their basic biological 
and ecological aspects (Vari and Malabarba 1998). This 
situation extends to members of the family Heptapteridae, 
which is the most represented family within the 
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Siluriformes in small rivers and streams of this region 
(de Pinna 1998, Bockmann and Guazzelli 2003) and 
also includes many small species represented in national 
and regional red lists of threatened species. Therefore, 
the representatives of these Neotropical fish family are 
appropriate model species to evaluate the effectiveness 
and mortality of syringe-based GL.

The goal of the presently reported study was to evaluate 
the effectiveness and applicability of the GL method 
for small Neotropical stream fishes belonging to the 
order Siluriformes. To achieve this goal, we addressed 
the following two questions: Is the method efficient in 
accessing stomach contents? Does the GL affect the 
survival rate of individuals subjected to the method?

The efficiency experiments were conducted with 
Pimelodella pappenheimi Ahl, 1925 and the mortality 
tests were conducted with Rhamdia quelen (Quoy et 
Gaimard, 1824). Both were chosen as model for the 
vast majority of small catfishes, especially in terms of 
morphological and behavioural patterns. Pimelodella 
pappenheimi specimens used in the experiment were 
collected from the Guaraguaçu River, southern Brazil 
(25°40′22.87′′S, 48°30′45.79′′W) using the hook and line 
method. Rhamdia quelen specimens were purchased from 
an aquaculture facility.

 Before GL, fish were anesthetized in a clove oil 
solution (Cunha and Rosa 2006), containing 10% clove 
oil, 40% alcohol (70% solution), and 50% of water. Fish 
were considered sedated if they showed slow opercular 
movements, loss of balance and no reaction to contact 
stimulus. After the anaesthesia, fish were measured (total 
and standard length to the nearest mm), weighed (to the 
nearest g) and then subjected to GL.

Gastric lavage was conducted using a siliconized 
plastic catheter with round edges, 380 mm in length, with 
a 2-mm external diameter and a 1-mm internal diameter 
attached to a 60 cm3 syringe. With the thumb positioned 
on the ventral portion of the fish it was possible to feel 
when the catheter reached the stomach. With the catheter 
inserted water was injected slowly and continually. The 
fish was positioned with the dorsal side down at about a 
45° angle, and the ventral surface of the fish was massaged 
to facilitate regurgitation. The retrieved stomach contents 
were collected in a plastic bottle containing a 10% 
formaldehyde solution. A minimum of 30 and a maximum 
of 60 cm3 of water were used for the GL. Food items seen 
to be stuck in the oral cavity were removed using tweezers. 
After GL, fish were placed in a 2-L bowl of water and 
their recovery monitored. The time for administering 
anaesthesia, GL, and recovery and the time for the total 
procedure were recorded.

Efficiency experiments were conducted in the field. 
Pimelodella pappenheimi were captured and stored in 
a plastic box containing 40 L of water equipped with 
an aerator to prevent oxygen depletion. All fish were 
subjected to GL and the retrieved stomach contents were 
stored in a formaldehyde solution (10%). In the laboratory, 
the recovered stomach contents were filtered onto a 45 μm 
membrane filter using a vacuum pump to separate food 

items from the formaldehyde solution for later weighing 
of the contents (0.001 g). All fish were dissected to see if 
there were any remaining food items not retrieved by the 
GL.  The efficiency was calculated as the percentage of 
recovered items (weight) during GL in relation to the total 
ingested by the fish (remaining items in the stomach added 
to the recovered by the GL) (Hakala and Johnson 2004).

Survival experiments were conducted in the laboratory. 
A total of eight plastic boxes containing 20 L of water were 
used as aquaria for the experiment. These were divided 
into four controls (subjected to the entire procedure 
except for GL) and four treatments (subjected to GL). 
The water temperature was controlled and maintained 
at 25° C. We used ten specimens of Rhamdia quelen per 
aquarium. The experiments began after a one-week period 
of acclimatization. Mortality was monitored once a day 
for one week. 

Pearson’s correlation coefficient was used to access 
the relation between time of anaesthesia and total length. 
Statistical analysis of survival rates was conducted using 
a Mann–Whitney test, where the mortality rate (n of 
specimens in the aquarium / n of deaths at the end of one 
week), was compared between treatments and controls.

A total of 34 specimens of Pimelodella pappenheimi 
were used in the efficiency test. The mean total length 
(± standard deviation) was 122 ± 35.5 mm and the mean 
total weight (± SD) was 18.5 ± 16.9 g. The mean time of 
anaesthesia was 68 ± 16.5 s and of recovery was 270 ± 99 
s. There was no correlation between time of anaesthesia 
and total length (r = 0.47, p = 0.06). The GL method had 
a mean duration of 174.5 ± 53.9 s. There was no mortality 
recorded during GL, and after recovery from anaesthesia 
all fish presented a normal swimming pattern. With the 
GL method we were able to retrieve 71.4% of the stomach 
contents.

There was no mortality recorded for the 80 specimens 
of Rhamdia quelen used in the experiment. The mean total 
length was 76 ± 10 mm and the mean total weight was 3.7 
± 1.44 g. The mean time of anaesthesia was 52 ± 15.7 s 
and of recovery was 420 ± 360 s. There was no correlation 
between time of anaesthesia and total length (r = 0.16, p 
= 0.15).

When analysing the method’s efficiency with 
Pimelodella pappenheimi it is clear that the GL is 
reasonably efficient. Tests with the blue catfish, Ictalurus 
furcatus (Valenciennes, 1840), and the flathead catfish, 
Pylodictis olivaris (Rafinesque, 1818), showed greater 
than 95% efficiency at removing stomach contents (Waters 
et al. 2004). The internal morphology of these species may 
be responsible for this high efficiency. They present a wide 
oral cavity and oesophagus that facilitates the insertion 
and simultaneous retrieval of food items. Additionally, 
their ventral sides do not have bone structures on the 
stomach portion, which allows the researcher to feel the 
catheter when it reaches the stomach cavity and to feel 
remaining large food items.

The required equipment for the GL had a low cost, 
under US$ 30.00, and all equipment used can be purchased 
in drugstores, hospital equipment stores, and aquarium 
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stores. It is simple to assemble and is easily transported 
to any location, which seems to be an advantage over the 
methods of Culp et al. (1988) and Light et al. (1983) when 
collecting fish in remote places. Two people can easily 
operate the equipment and conduct all the sampling and 
it takes no more than three minutes to extract the stomach 
contents of each fish.

Another important feature is that, contrary to 
techniques that utilize electric water pumps, the use of a 
syringe allows the researcher to interrupt the water flow 
when a large food item gets stuck in the animal’s throat, 
preserving the fish’s integrity and life. It is also easily 
adaptable to a wide range of fish sizes, only requiring an 
exchange of the catheter for a wider one. On the other hand, 
it is possible that insertion of the catheter pushes some of 
the ingested items to the intestinal portion, making them 
impossible to be retrieved.

The survival of 100% of the tested Rhamdia quelen 
suggests that the GL method is safe for use with very 
similar, endangered, catfish species. In addition, when 
testing the efficiency of the method with P. pappenheimi, 
no deaths were recorded during or after the GL. These 
results are consistent with several other studies using 
different species (Light et al. 1983, Hakala and Johnson 
2004, Wanner 2006, Shuman and Peters 2007).

Considering the high efficiency and low mortality for 
small Siluriformes, GL seems to be a promising method. 
In Brazil, for example, there are 35 threatened Siluriformes 
on the national red list, six of which belong to the family 
Heptapteridae (see Rosa and Lima 2008). Collecting and 
sacrificing a great number of fish is, in fact, a questionable 
practice, considering the variety of non-lethal methods 
available today. Despite the fact that for the past 80 years 
(since White 1930) there have been several non-lethal 
methods available for the analysis of gut contents, they 
are rarely used. Among important factors when choosing 
the method are: the size of specimens, the nature and size 
of ingested items, the budget and the number of people 
needed to operate the equipment (Baker and Fraser 
1976, Kamler and Pope 2001). Logistic and operational 
considerations are also important; these include the time 
available for field trials of fish and the availability of a 
suitable place to carry out the collection of gut contents.

We believe that this study will serve as a stimulus 
for new and innovative studies concerning such an 
important, although underexplored theme. This method 
and ideas would ensure greater knowledge about ecology 
and conservation of fishes, especially the rare and 
endangered ones.
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