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Cleaning interactions between shrimps (Palaemonidae) 
and freshwater stingrays (Potamotrygonidae) 

in the Paraná River, Southeastern Brazil

Domingos Garrone-Neto*, Otto Bismarck Fazzano Gadig**, 
Jansen Zuanon*** and Lucélia Nobre Carvalho****

We report the first record of cleaning symbiosis between a river stingray, Potamotrygon falkneri, and a palaemonid 
shrimp, Macrobrachium jelskii. Shrimps of different sizes were observed cleaning adult stingrays partially buried 
in sandy substrate and shallow water, during the day in the Paraná River, Southeastern Brazil, in four events. 
The presence of ectoparasites in the P. falkneri individuals was not detected during the cleaning interactions, and 
the shrimps were probably consuming dead tissue and/or mucus. Thus, the cleaning activity of the palaemonid 
shrimps was considered commensal and not casual. Despite P. falkneri including palaemonid shrimps in its diet, 
the low diurnal activity of this predator and a possible state of gastric repletion by the stingrays may have fa-
cilitated the cleaning interaction.

Aqui nós relatamos o primeiro registro de simbiose de limpeza entre uma raia fluvial, Potamotrygon falkneri, e um 
camarão palemonídeo, Macrobrachium jelskii. Camarões de diferentes tamanhos foram observados limpando raias 
adultas parcialmente enterradas em substrato arenoso de locais rasos durante o dia, no rio Paraná, região sudeste 
do Brasil, em quatro eventos. A presença de ectoparasitas nos indivíduos de P. falkneri não foi detectada durante 
as interações de limpeza e os camarões provavelmente estavam consumindo tecido morto e/ou muco. Assim, a 
atividade de limpeza dos camarões palemonídeos foi considerada comensal e não casual. Apesar de P. falkneri 
incluir camarões palemonídeos em sua dieta, a baixa atividade diurna deste predador e um possível estado de 
repleção gástrica pelas raias pode ter facilitado a interação de limpeza.
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Fig. 1. a, General view of study site. Note low turbidity in Paraná River during dry season (May to October); 
b, detail of sandy substrate where stingrays can easily camouflage; note algae patches where shrimps can hide 
and forage. (Photos: a, Gabriel Raposo; b, Domingos Garrone Neto).

Garrone-Neto et al.: Shrimps clean freshwater stingrays
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Introduction

Cleaning symbiosis is one of the most remarkable 
interspecific relationships in aquatic organisms, 
where the ‘cleaner’ have the habit of removing 
ectoparasites (e. g. fungi, bacteria and small crust-
aceans), diseased or injured tissue and mucus 

from the body of fishes and invertebrates – ‘cus-
tomers’ or ‘hosts’ (Pott, 1968; Losey, 1972). This 
type of interaction has been considered as mutu-
alism (positive) when the incidence of ectopara-
sites on the customers is high and as commensal-
ism, or even parasitism (negative), when its inci-
dence is low (Grutter & Poulin, 1998; Poulin, 1993).

aa

bb

Fig. 2. Some palaemonid shrimps Macrobrachium jelskii acting as cleaners of freshwater stingray Potamotrygon 
falkneri in Paraná River, Southeastern Brazil. a, shrimps cleaning dorsal portion of stingray (n = 7, indicated by 
arrows); and b, gathered around and cleaning caudal stingers (n = 6). (Photos: Domingos Garrone Neto).



382
Copyright © Verlag Dr. Friedrich Pfeil

 Cleaning symbiosis has been repeatedly re-
corded in marine environments, including inter-
actions between teleost fishes and shrimps in 
coral reefs (Bunkley-Williams & Williams, 1998; 
Becker & Grutter, 2004; Guimarães et al., 2007). 
In contrast, this behavioural interaction is rarely 
reported for freshwater environments. Interac-
tions between teleost fishes and freshwater 
shrimps can be negative, such as predator-prey 
relationships (Gibson et al., 1995) and mutilation 
(Sabino, 1995), or positive as numerical or social 
mimicry (Carvalho et al., 2006). The few records 
involving freshwater stingrays and shrimps refer 
to negative interactions, where potamotrygonids 
are known as important predators of several small 
invertebrates, including palaemonid shrimps and 
teleost fishes in Brazilian rivers (Silva & Uieda, 
2007; Garrone Neto & Sazima, 2009). Thereby, 
here we present the first report of cleaning sym-
biosis between the potamotrygonid stingray 
Potamotrygon falkneri and the palaemonid shrimp 
Macrobrachium jelskii in a freshwater environment, 
discussing the possible evolutionary steps for this 
behaviour.

Material and methods

The study was conducted in the upper course of 
the Paraná River, Southwestern Brazil (about 
20°47' S 51°37' W). The interactions were recorded 
underwater while snorkeling (Sabino, 1999) at 
day (10.30-15.00 h), during the dry season in June 
2012 and in October 2013. A total of 2 h 10 min 
of underwater observations was made at depths 
of 0.5 to 1.5 m, using the ‘ad libitum’ and ‘behav-
iour’ sampling methods (Martin & Bateson, 1986). 
The observational sessions were recorded using 
digital photography and notes were made on PVC 
boards, based on the methods presented by 
Sazima (1986) and Sabino (1999).
 Stingrays identification was done in situ dur-
ing the underwater observations, based on the 
coloration of the animal’s dorsum (following 
Silva & Carvalho, 2011), without the necessity of 
catching the animals; a few shrimps specimens 
were collected and analyzed in laboratory (cf. 
Melo, 2003). The size of the observed individuals 
was estimated using a hand net of known dimen-
sions as scale, placed close to the animals in a 
way to assess the disc width for the stingrays 
(DW, the greatest distance between both pectoral 
fin margins) and the total length of the shrimps 

(TL, the distance between the rostrum and the 
uropod). The sex recognition and sexual matu-
rity of the individuals in the field was possible 
only for the stingrays, based on the presence or 
absence of claspers in the animals (easily observed 
dorsally) and on information about the size of 
sexual maturity for P. falkneri in the same area 
(Garrone Neto, 2010). In order to enable future 
verification of the stingray’s identification, two 
additional specimens of P. falkneri not involved 
in the present observations were collected, fixed 
in formalin and preserved in ethanol, and stored 
at the Universidade Estadual Paulista Elasmo-
branchs Collection as voucher specimens (UNE-
SP-CLP 0010.01, 0010.02).

Results 

Four casual encounters resulted in the observation 
of individuals of Macrobrachium jelskii at different 
sizes (4-7 cm TL) interacting with two adult fe-
males of Potamotrygon falkneri (~30 cm DW), ap-
parently involved in cleaning interactions. In all 
cases the interspecific interactions were noticed 
only under close proximity, since the palaemonid 
shrimps are usually hardly visualized underwa-
ter due to their translucent body and cryptic and 
disruptive markings (Melo, 2003; Carvalho et al., 
2006). The stingrays were stationary, partially 
buried in soft sand substrate with algae patches, 
at shallow (about one meter of depth) and still 
water close to margins covered by native vegeta-
tion (Fig. 1). In each observed cleaning interaction, 
six to ten shrimps were distributed over the 
stingray’s dorsum and tail. The shrimps moved 
along the stingray body, pinching the skin with 
its chela (pincers) in the dorsal disk borders and 
also in the tail spines (stings), apparently starting 
the cleaning activity from the tail and then mov-
ing to the dorsum and head region, around the 
eyes and spiracles (Fig. 2).
 No signalling by the stingrays, such as an 
invitation posture, was perceived before the clean-
ing activity by the shrimps. Nevertheless, the 
ventral position of the stingray’s mouth and the 
fact of being buried (hidden) in the substrate 
during resting possibly represent a low threat 
condition to the shrimps, so functioning as a clue 
that facilitates the start of the cleaning interaction. 
The shrimps were observed removing mucus and 
dead tissue, especially in the area of the tail spines, 
sometimes engaging in disputes for some areas 

Garrone-Neto et al.: Shrimps clean freshwater stingrays
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to forage. After about 30-40 minutes of interac-
tion, the stingrays started to slowly moving to-
ward deeper places (> 2 m deep), simply abandon-
ing the shrimps without any obvious signaling 
or other agonistic behaviour. The shrimps did not 
follow the stingrays, remaining close to the mar-
ginal vegetation and algae patches in shallow 
water (50-70 cm deep). 

Discussion

Despite the fact that P. falkneri and other potamo-
trygonids include palaemonid shrimps in their 
diet (Lonardoni et al., 2006; Silva & Uieda, 2007; 
Garrone Neto & Sazima, 2009), the low diurnal 
activity of this predator (Garrone Neto & Uieda, 
2012) may have facilitated the occurrence of the 
cleaning interactions. As P. falkneri usually hunts 
M. jelskii in shallow waters during the night (Gar-
rone Neto & Sazima, 2009), it is possible that the 
absence of hunting behaviour by the stingrays 
during the diurnal cleaning interactions may be 
related to a condition of satiation after the noc-
turnal foraging. We cannot exclude other possi-
bilities for the absence of aggressiveness by 
P. falkneri against M. jelskii, since other benefits 
such as tactile stimulation (Grutter, 1996; Grutter 
& Poulin, 1998) may mediate the process and to 
refrain a predatory response by the stingray. 
Although accepted as one hypothesis for the 
evolution of cleaning symbiosis between cleaning 
gobies and some sharks and marine rays (Sazima 
& Moura, 2000), it is premature to assume that 
this is occurring between potamotrygonids and 
palaemonid shrimps.
 Differently from what is reported for some 
marine elasmobranchs, which search for cleaning 
stations in reefs environments (Sazima & Moura, 
2000; O’Shea et al., 2010), the cleaning interactions 
between P. falkneri and M. jelskii seems to be oc-
casional, when stingrays in a condition of feeding 
satiation rest partially buried near shrimps shel-
ters in shallow water. Similarly, in some marine 
environments cleaning symbiosis is known to be 
facilitated when cleaner species, such as shrimps 
of the genus Lysmata (Hippolytidae) inhabit refuge 
holes in reefs that are also used by potential client 
fishes like moray eels (Quimbayo et al., 2012). 
Similar situations were observed for Holocentrus 
adscensionis and Sargocentron hastatum, which are 
predominantly nocturnal fishes but stay in or 

close to refuges inhabited by shrimps during the 
day. Nevertheless, the events of cleaning sym-
biosis observed between M. jelskii and P. falkneri 
have occurred in open places, without obvious 
refuges for the shrimps in the case of a possible 
aggressive response by the stingrays. In this case, 
the shrimp’s translucent body, the simultaneous 
engagement of several shrimps in the cleaning, 
and the quick evasive response (jumping back-
wards) by the shrimps may have contributed to 
lessen the individual risk of predation, allowing 
the occurrence of such behavioural interaction.
 Stingrays are notorious for producing copious 
amounts of mucus all over the body, and the oc-
casional feeding by the shrimps during cleaning 
interactions possibly does not have negative ef-
fects on the health or fitness costs to the client. 
An analysis of the gut contents of shrimps in-
volved in cleaning interactions with stingrays 
could help to elucidate the relative consumption 
of mucus, dead tissue and (possibly) parasites by 
the shrimps. As far as we know, this is the first 
report of cleaning behaviour by a freshwater 
shrimp. Based on the characteristics of the ob-
served interactions, there is no reason to believe 
that it constitute a specialized behaviour, nor a 
species-specific relationship involving P. falkneri 
and M. jelskii. In this sense, observational studies 
of fishes and shrimps under natural conditions 
may reveal more cases of cleaning behaviour 
involving shrimps as cleaners. Further field ob-
servations and experiments in captivity are neces-
sary and can reveal more details about this type 
of interaction, that still remains poorly understood 
in freshwater ecosystems.

Acknowledgements

Gabriel R. S. Souza, Jayson B. Huss, Cristiano Burmester 
and Sergio H. P. Moura provided important support 
during the underwater observations. Camila M. H. 
Santos assisted the deposit of the voucher specimens. 
Two anonymous referees provided their time and 
valuable suggestions for the manuscript. The financial 
support of the São Paulo Research Foundation (FAPESP 
– grant #2010/10583-1 and grant #2011/18513-9) was 
essential and enabled the execution of the field work. 
JZ and OBFG are fellows in productivity of the Na-
tional Council for Scientific and Technological Develop-
ment (CNPq grant #307464/2009-1 and grant #307192/ 
2009-1). We sincerely thank to all these people and in-
stitutions.



384
Copyright © Verlag Dr. Friedrich Pfeil

Literature cited

Arnal, C., I. M. Côté & S. Morand. 2001. Why clean and 
be cleaned? The importance of client ectoparasites 
and mucus in a marine cleaning symbiosis. Behav-
ioral Ecology and Sociobiology, 57: 1-7.

Bunkley-Williams, L. & E. Williams. 1998. Isopods as-
sociated with fishes: a synopsis and corrections. 
Journal of Parasitology, 84: 893-896.

Becker, J. H. & A. S. Grutter. 2004. Cleaner shrimp do 
clean. Coral Reefs, 23: 515-520.

Carvalho, L. N., R. Arruda & J. Zuanon. 2003. Record 
of cleaning behavior by Platydoras costatus (Siluri-
formes: Doradidae) in the Amazon Basin, Brazil. 
Neotropical Ichthyology, 1: 137-139.

Carvalho, L. N., J. Zuanon & I. Sazima. 2006. The almost 
invisible league: crypsis and association between 
minute fishes and shrimps as a possible defense 
against visually hunting predators. Neotropical 
Ichthyology, 4: 219-224.

Côté, I. M. 2000. Evolution and ecology of cleaning 
symbioses in the sea. Oceanography and Marine 
Biology, 38: 311-355.

Deloach, N. 1999. Reef fish behavior: Florida, Carib-
bean, Bahamas. New World Publications, Verona, 
476 pp.

Garrone Neto, D. 2010. Considerações sobre a reprodu-
ção de duas espécies de raias (Myliobatiformes, 
Potamotrygonidae) na região do Alto Rio Paraná, 
Sudeste do Brasil. Pan-American Journal of Aquat-
ic Sciences, 5: 101-111.

Garrone Neto, D. & I. Sazima. 2009. Stirring, charging, 
and picking: hunting tactics of potamotrygonid rays 
in the upper Paraná River. Neotropical Ichthyology, 
7: 113-116.

Garrone Neto, D. & V. S. Uieda. 2012. Activity and 
habitat use of two species of stingrays (Myliobati-
formes: Potamotrygonidae) in the upper Paraná 
River basin, Southeastern Brazil. Neotropical Ich-
thyology, 10: 81-88.

Gibson, R. N., M. C. Yin & L. Robb. 1995. The behavioural 
basis of predator-prey size relationships between 
shrimp (Crangon crangon) and juvenile plaice (Pleu-
ronectes platessa). Journal of the Marine Biological 
Association of the United Kingdom, 75: 337-349.

Guimarães, P. R., C. Sazima, S. F. Reis & I. Sazima. 2007. 
The nested structure of marine cleaning symbiosis: 
is it like flowers and bees? Biology Letters, 3: 51-54.

Grutter, A. S. 1996. Parasite removal rates by the 
cleaner wrasse Labroides dimidiatus. Marine Ecology 
Progress Series, 130: 61-70.

Grutter, A. S. & R. Poulin. 1998. Cleaning on coral reefs 
by the wrasse Labroides dimidiatus: influence of client 
body size and phylogeny. Copeia, 1998: 120-127.

Lonardoni, A. P., E. Goulart, E. F. Oliveira & M. C. F. 
Abelha. 2006. Hábitos alimentares e sobreposição 
trófica das raias Potamotrygon falkneri e Potamotrygon 
motoro (Chondrichthyes, Potamotrygonidae) na 

planície alagável do alto rio Paraná, Brasil. Acta 
Scientiarum Biological Sciences, 28: 195-202.

Losey, G. S. J. 1972. The ecological importance of clean-
ing symbiosis. Copeia, 1972: 820-833. 

— 1987. Cleaning symbiosis. Symbiosis, 4: 229-258.
Martin, P. & P. Bateson. 1986. Measuring behaviour – an 

introductory guide. Cambridge University Press, 
New York, 200 pp.

Melo, G. A. S. 2003. Manual de identificação dos Crust-
acea Decapoda de água doce do Brasil. Ed. Loyola, 
São Paulo, 429 pp.

Potts, G. W. 1968. The ethology of Crenilabrus melano-
cerus with notes on cleaning symbiosis. Journal of 
the Marine Biological Association of the United 
Kingdom, 48: 279-293.

Preston, J. L. 1978. Communication systems and social 
interactions in a goby-shrimp symbiosis. Animal 
Behaviour, 26: 791-802.

Poulin, R. 1993. A cleaner perspective on cleaning 
symbiosis. Reviews in Fish Biology and Fisheries, 
3: 75-79.

Quimbayo, J. P., S. R. Floeter, R. Noguchi, C. A. Range, 
J. L. Gasparini, C. L. S. Sampaio, C. E. L. Ferreira & 
L. A. Rocha. 2012. Cleaning mutualism in Santa 
Luzia (Cape Verde Archipelago) and São Tomé 
Islands, Tropical Eastern Atlantic. Marine Biology 
Research, 5: 1-7. 

Sabino, J. 1995. Fish mutilation by the freshwater 
shrimps Macrobrachium olfersii (Decapoda: Palae-
monidae) in an Atlantic Forest stream, Southeastern 
Brazil. Ichthyological Exploration of Freshwaters, 
6: 345-348.

— 1999. Ecologia de peixes de riachos. Pp. 183-208 in: 
E. P. R. Caramaschi, R. Mazzoni & P. R. Peres-
Neto (eds.), Comportamento de peixes em riachos: 
uma abordagem naturalística. PPGE-UFRJ, Rio de 
Janeiro. 

Sazima, I. 1986. Similarities in feeding behaviour between 
some marine and freshwater fishes in two tropical 
communities. Journal of Fish Biology, 29: 53-65.

Sazima, I. & R. L. Moura. 2000. Shark (Carcharhinus 
perezi), cleaned by the goby (Elacatinus randalli), at 
Fernando de Noronha Archipelago, Western South 
Atlantic. Copeia, 2000: 297-299.

Silva, J. P. C. B. & M. R. Carvalho. 2011. A taxonomic 
and morphological redescription of Potamotrygon 
falkneri Castex & Maciel, 1963 (Chondrichthyes: 
Myliobatiformes: Potamotrygonidae). Neotropical 
Ichthyology, 9: 209-232.

Silva, T. B. & V. S. Uieda. 2007. Preliminary data on the 
feeding habits of the freshwater stingrays Potamotry-
gon falkneri and Potamotrygon motoro (Potamotry-
gonidae) from the Upper Paraná River basin, Brazil. 
Biota Neotropica, 7: 183-188.

Received 10 November 2013
Revised 9 March 2014

Accepted 9 March 2014

Garrone-Neto et al.: Shrimps clean freshwater stingrays



Warning
Prospective authors should read carefully the following instructions and 
follow them when submitting a manuscript. Doing so significantly hastens 
publication and saves money and efforts. Manuscripts which do not satisfy 
the instructions below may be rejected at the Editor’s discretion and will 
not be returned.

Submission of manuscripts
The original manuscript should be sent to the Editor, Maurice Kottelat, by 
e-mail (mkottelat@dplanet.ch). Additional information is requested:
1) the name, postal and e-mail addresses, telephone and fax numbers 
of the corresponding author;
2) the names, postal and e-mail addresses of up to four persons outside 
the authors’ institutions who are qualified to review the paper; and
3) a statement that the material has not been published and is not consid-
ered for publication elsewhere and that it will not be submitted elsewhere 
unless it is rejected or withdrawn. In submitting a manuscript, the author(s) 
accept(s) transfer of the copyright to the Publisher.

Co-authors, corresponding author
Authors are those who have played a significant role in designing and 
conducting the research and in writing the manuscript. Individuals who 
have only collected data, provided material or financial support, or re-
viewed the manuscript should be listed in acknowledgments. Honorary 
authorship is not accepted.
 Co-authors should designate a single corresponding author to whom 
correspondence and proofs will be sent. All correspondence regarding the 
paper should go through the corresponding author. Correspondence will not 
be sent to other co-authors and correspondence from other co-authors re-
garding the manuscript will neither be answered nor taken into consideration.

Format
Files. The manuscript should be submitted in DOC or RTF format only. 
The text, captions, tables etc. must all be included in the same file. It the 
manuscript includes only a few illustrations, include them in low resolution 
in the word file. If the manuscript includes numerous illustrations they must 
be submitted in a separate PDF file; send all figures in low resolution and 
with caption in a single file. The files should be less than 8 MB. 

Text. All manuscripts are subject to editorial revision before final acceptance 
for publication. Nothing in the manuscript should be underlined. Titles with 
numerical series designations are not permitted. Titles should be brief, 
fewer than 20 words and should indicate clearly the field of study and 
the group of fishes investigated. All abbreviations should be explained in 
the Method section (or figure caption when appropriate) or a reference to 
published explanations should be provided; exceptions are very common 
abbreviations, such as mm, km, kg, sec, min, yr, vs., SL. Footnotes are 
not permitted. All measurements must be in metric units. The first page 
should include: title of the paper, author(s), addresses and abstract, all 
left justified. The text should be followed by Material Examined (if ap-
propriate), Acknowledgments (if any), Appendix (if any) and Literature 
Cited, in that order. Keys are desirable in taxonomic papers. They should 
be dichotomous and not serially indented.

Nomenclature. Names of living organisms should follow the appropriate 
and current International Codes of Nomenclature. Only formal names of 
genera and species should be written in italics. Names of authors and pub-
lication dates of scientific names should be mentioned once, in introduction 
or discussion, depending where most convenient, exceptionally as a table; 
bibliographical references must be included in the Literature cited section. 
Very old and classical works can be omitted if not absolutely justified.

Language. Manuscripts should be written in English. All papers must 
have a concise but informative abstract in English. In taxonomic papers, 
the abstract must include at least clear diagnosis of the new taxa. This 
maybe omitted for papers including the descriptions of many new taxa; 
consult the editor first. A second abstract, provided by the author(s), in 
the language of the country or area concerned by the text is acceptable. 
A maximum of two abstracts is permitted.

Acknowledgments. Identify individuals by first name(s) and surname. Do 
not list titles, position or institution. Acknowledge individuals, not positions. 
Idiosyncrasy and private jokes are not permitted.

Literature cited. Format for Literature Cited is that of the most recent 
issue. Do not abbreviate the names of journals. For books, give full name 
of publishing company or institution, and city. Manuscripts in preparation, 
abstracts, in-house reports and other literature not obtainable through 

normal library channels cannot be cited. In-press manuscripts can be 
cited only if they have been formally accepted.

Tables. Tables should be included in the text file, at the end. Use Word 
format and do not anchor them. Tables must be numbered sequentially with 
Arabic numerals; they should have concise but self-explanatory headings. 
Do not insert frames, vertical rules, dotted lines or footnotes. The location 
of first citation of each table should be clearly indicated in the text. 

Figures. Detailed instructions for the preparation of digital images are 
here: http://pfeil-verlag.de/div/eimag.php 

For the submission of new manuscript only low resolution copies are 
needed. Do not send large files at this stage. Case by case, if needed, we 
may ask you to send the original files at the time of submission.

All maps, graphs, charts, drawings and photographs are regarded as 
figures and are to be numbered consecutively and in the sequence of 
their first citation in the text. When several charts or photographs are 
grouped as one figure, they must be trimmed and spaced as intended 
for final reproduction. Each part of such a group figure should be lettered 
with a lower case block letter in the lower left corner. Where needed, scale 
should be indicated on the figure by a scale bar.

All illustrations should be designed to fit a width of 68 or 140 mm and a 
depth no greater than 200 mm. Lettering should be large enough to be 
easily seen when reduced onto a journal column (68 mm).

If a vector-graphics program is used, the original files saved by this 
program and all linked files must be submitted. Do not export or save the 
figure in a different format (for more details see the informations on http://
pfeil-verlag.de/div/eimag.php
If line drawings are scanned, the resolution must be 1200 dpi or more 
and the format must be bitmap (1 pixel = 1 bit).
If halftones are scanned, the resolution should never be lower than 
400 dpi, applied to a width of 14 cm, even for photographs designed for 
column width.

Photographic prints and slides and original drawings must be scanned 
for submission. We will ask to send the original after acceptance of the 
manuscript.

Colour illustrations should preferably be submitted as slides (photographic 
slides, not slides prepared by a printer). Digital images should be only 
unmodified (raw) data files as originally saved by the camera or the 
scanner. If the data files are modified, a copy of the original, unmodified 
file should be submitted too. 
 The decision to print in colour or in black and white any figure originally 
submitted in colour remains with the editor and publisher. This decision 
will be based on scientific justification, quality of the original, layout and 
other editorial, financial and production constraints. By submitting colour 
originals, the authors know and accept that they may be published in black 
and white.

Review
Each manuscript will be sent to two reviewers for confidential evaluation. 
When justified, the reviewer’s comments will be forwarded to the corre-
sponding author. When submitting a revised manuscript, authors should 
briefly indicate the reasons for disregarding any suggestion they consider 
unacceptable. Remember that if a reviewer had questions or did not under-
stand you, other readers may make the same experience and the answers 
should be in the manuscript and not in a letter to the editor. Changes in 
style, format and layout requested by the Editor are non-negotiable and 
non-observance will result in rejection of the manuscript.
 Revised manuscripts received more than 6 months after the reviewers’ 
comments had been sent will not be considered or will be treated as new 
submissions.

Proofs, Reprints and Page Charges
A PDF proof file will be sent to the corresponding author; it should be 
checked and returned to the Editor within one week. If corrections are not 
received within this delay, they may be done by the Editor, at the author’s 
risks. Authors may be charged for any changes other than printer’s error. 
Reprint orders must be forwarded with the corrections. The correspond-
ing author is responsible for contacting the co-authors and forwarding 
their reprint orders.
 The authors will receive a PDF file for personal use free of charge; 
high-resolution PDF files for unlimited use may be ordered. There will be 
no page charges and no charges for justified colour illustrations.

INSTRUCTIONS TO CONTRIBUTORS

Ichthyological Exploration of Freshwaters
An international journal for field-orientated ichthyology



Articles appearing in this journal are indexed in:

AQUATIC SCIENCES and FISHERIES ABSTRACTS
BIOLIS - BIOLOGISCHE LITERATUR INFORMATION SENCKENBERG

CAMBRIDGE SCIENTIFIC ABSTRACTS
CURRENT CONTENTS/AGRICULTURE, BIOLOGY & ENVIRONMENTAL SCIENCES and SCIE

FISHLIT
ZOOLOGICAL RECORD

C O N T E N T S

Freyhof, Jörg, Heiko Kärst and Matthias Geiger: Valencia robertae, a new killifish from 
southern Greece (Cyprinodontiformes: Valenciidae) ...........................................................  289

Kondylatos, Gerasimos, Maria Corsini-Foka and Panos Stavros Economidis: First observa-
tion of leaping behaviour of Ladigesocypris ghigii, a cyprinid fish endemic to Rhodes 
Island, Greece (Teleostei: Cyprinidae) ....................................................................................  299

Kullander, Sven O., Michael Norén, Mikael Karlsson and Magnus Karlsson: Description 
of Neolamprologus timidus, new species, and review of N. furcifer from Lake Tanganyika 
(Teleostei: Cichlidae) ..................................................................................................................  301

Van Steenberge, Maarten, Emmanuel Vreven and Jos Snoeks: The fishes of the Upper 
Luapula area (Congo basin): a fauna of mixed origin ..........................................................  329

Nagy, Béla: Nothobranchius milvertzi, a new species of killifish from the Lushiba Marsh in 
the Lake Mweru drainage, Zambia (Teleostei: Cyprinodontiformes: Nothobranchiidae) 347

Jerep, Fernando C., Richard P. Vari and Emmanuel Vreven: Nannocharax dageti, a new 
distichodontid from the Democratic Republic of the Congo and Zambia (Teleostei: 
Characiformes) ............................................................................................................................  361

Costa, Wilson J. E. M., and Henrique Lazzarotto: Laimosemion ubim, a new miniature killi-
fish from the Brazilian Amazon (Teleostei: Rivulidae) ........................................................  371

Garrone-Neto, Domingos, Otto Bismarck, Fazzano Gadig, Jansen Zuanon and Lucélia Nobre 
Carvalho: Cleaning interactions between shrimps (Palaemonidae) and freshwater 
stingrays (Potamotrygonidae) in the Paraná River, Southeastern Brazil ..........................  379

Ichthyological Exploration of Freshwaters
An international journal for field-orientated ichthyology

Volume 24 • Number 4 • April 2014

Cover photograph
Neolamprologus timidus (photograph by S. O. Kullander)

Sven O. Kullander, Michael Norén, Mikael Karlsson and Magnus Karlsson
(this volume pp. 301-328)


