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Abstract
The vast majority of global freshwater ecosystems are small lakes with less than 
100 m2 surface area. These lakes are often unconnected to other water bodies but 
frequently host fish populations. Existing explanations for how fish colonize such re-
mote	habitats	often	involve	birds	as	vectors	transporting	fish	eggs	as	propagules.	In	
this study, we aim to quantify the prevalence of these explanations among relevant 
societal groups as well as their scientific knowledge basis. We analyzed entries in on-
line blogs and forums and surveyed the opinions of local stakeholders and decision 
makers using a questionnaire. To collect published scientific knowledge, we conducted 
a	structured	 literature	 review.	Our	 results	 reveal	a	discrepancy	between	commonly	
found	beliefs	and	the	empirical	knowledge	supporting	those	beliefs:	Dispersal	of	fish	
eggs by water birds was overall the most frequent explanation online and in the ques-
tionnaire.	In	the	scientific	literature,	however,	we	found	hardly	any	empirical	research	
on passive fish egg dispersal. We propose research directions for how to close this gap 
of knowledge and suggest that future empirical studies on passive fish egg dispersal 
may be inspired by existing work on passive dispersal in aquatic invertebrates. 
Mitigating the belief- evidence discrepancy on fish dispersal will be essential to better 
understand the patterns of fish biodiversity across landscapes, to counteract its losses, 
and inform management strategies for invasive fish species.
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1  | INTRODUCTION

1.1 | Freshwater fish biogeography

The biogeography of freshwater fish has been puzzling scientists 
since decades (Thienemann, 1950). Ninety- nine percent of the 
world’s 300 billion lakes are smaller than 100 m2	 area	 (Downing	
et al., 2006). These small lakes frequently lack connection to other 
waters and constitute “islands of water in a sea of dry land” (Faulks, 
Gilligan, & Beheregaray, 2010). Fish cannot reach those lakes by ac-
tive dispersal. Still, fish occur in many of these remote and isolated 
water bodies (Emmrich, Schälicke, Hühn, Lewin, & Arlinghaus, 2014; 
Williams,	2005;	Yonekura,	Kita,	&	Yuma,	2004).	One	explanation	for	
this phenomenon is based on the lakes’ geological history: The bio-
geographical concept of vicariance suggests that connections were 
formerly	 present,	 but	 have	 been	 lost	 over	 time.	 It	 has	 long	 been	
clear, however, that vicariance alone cannot explain the presence- 
absence patterns of fish across adjacent lakes on a regional scale 
(Darlington,	1948).	For	example,	a	recent	study	of	remote	lakes	in	
the northeastern United States found that 70% of lakes predicted 
to be fishless based on their biogeographical history actually did 
contain	 fish	 (Schilling,	 Loftin,	Degoosh,	Huryn,	&	Webster,	2008).	
The occurrence of fish in seasonal ponds and small man- made water 
bodies such as cattle ponds and gravel pits is even less well under-
stood. These isolated ecosystems have no geological history but are 
known to become colonized by fish (Emmrich et al., 2014; Williams, 
2005; Yonekura et al., 2004).

1.2 | Passive dispersal of aquatic species

The most plausible explanation for the occurrence of fish in such 
habitats is passive dispersal. Human activities provide vectors for 
those introduced fish species which display commensalism with hu-
mans. This is evidenced by the high frequency of occurrence of fish 
species desirable for ornamental or fisheries purposes in populated 
areas	 (Maceda-	Veiga,	Dominguez-	Dominguez,	Escribano-	Alacid,	&	
Lyons, 2016; Ruesink, 2005). However, intentional or unintentional 

transport and release of individuals by humans cannot account 
for each occurrence of fish in remote lakes or ephemeral ponds. 
Any transfer of live fish between catchments necessitates vessels 
for water that can secure the survival during transport unless fish 
enter such habitats as propagules that can endure an out- of- water 
transport.

1.3 | Propagules for passive fish dispersal

Propagules that can endure out- of- water transport are well- studied in 
aquatic invertebrates and include different forms of eggs and resting 
stages (Green, 2016; Green & Figuerola, 2005; Havel & Shurin, 2004). 
Compared to living adults, the small size, low weight, inconspicuous-
ness, and capability to endure terrestrial conditions allow these prop-
agules to travel with terrestrial vectors. The most intensively studied 
vectors for invertebrate propagules are animals, especially birds. 
Migrating between catchments, birds disperse aquatic invertebrates 
in	a	process	called	zoochory	(Green,	2016).	 In	the	case	of	fish,	there	
is a frequently found traditional notion that fish eggs are propagules 
for zoochory by birds (Preusse, 1924; Schiemenz, 1925; Thienemann, 
1950). Recent work highlights that fish eggs are able to endure terres-
trial conditions (reviewed by Martin and Carter (2013)). As eggs can be 
translocated overland with vectors ranging from angling gear to hauled 
recreational boats, fish eggs are considered to be propagules for recent 
fish species invasions (Hirsch et al., 2016; Zieba et al., 2010). The tra-
ditional notion that fish eggs as propagules explain freshwater fish dis-
tributions	dates	back	to	the	early	19th	century.	In	Gmelin’s	(1809)	first	
systematic natural history of birds, he stated that “ducks would carry 
the	sticky	roe	of	fish	adhering	to	their	beaks	to	distant	ponds”	(Chap.	I,	
page 16). This naturalist notion prominently resonated in classic works 
of	the	 late	19th	century.	 In	his	treatise	on	the	geographical	distribu-
tion of animals, Wallace (1876) assumed “that fishes may be distrib-
uted by their eggs being occasionally carried away by aquatic birds” 
(Chap.	II,	page	29).	Even	Charles	Darwin,	in	his	treatise	of	freshwater	
fish	biogeography	 in	 “The	Origin	of	 Species,”	made	 a	 circumstantial,	
albeit influential, mention that “the vitality of their [fish species’] ova 
when removed from the water” would “favor the occasional transport 
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by	accidental	means”	(Darwin	(1859)	Chap.	XII,	page	384).	In	this	study,	
we investigate today’s knowledge on this historical explanation.

1.4 | Aims

We aimed to objectively identify the current state of knowledge on 
passive fish egg dispersal. To that end, we followed a three- step ap-
proach and analyzed the knowledge across three contexts. Step 1 
consists of a quantification of knowledge in online blogs and forums. 
Step 2 entails a quantification of knowledge among stakeholders and 
local decision makers. Step 3 comprises a quantification of knowledge 
in published scientific literature.

2  | METHODS

2.1 | Step 1: Quantification of knowledge in forums 
and blogs

Online	forums	and	blogs	are	a	reliable	indicator	of	the	practices	and	
knowledge bases of naturalist communities (El Bizri, Morcatty, Lima, 
& Valsecchi, 2015; Proulx, Massicotte, & Pépino, 2014). We aimed 
to find out whether knowledge on passive fish dispersal into isolated 
water bodies is documented in online blogs and forums. To this end, 
we conducted a search in Google®. The general approach was to 
screen all hits for the search term “how fish colonize isolated remote 
lakes?” (133 hits) and “how fish colonize isolated remote lakes? Forum” 
(210 hits). The resulting hits were screened for blogs and forums that 
exactly matched the search terms, which revealed a total of 14 blogs 
and forums (see Appendix S1 for search terms and details). The blogs 
and forums contained 691 comments, which were then analyzed for 
mentions of propagules and vectors according to defined categories. 
To separate different life stages as propagules we used the categories 
eggs, larvae/juveniles, and adults. Vectors included birds (attached to 
the feet, feathers or beak of waterfowl, waterfowl dropping a prey, 
passing through feces of waterfowl), humans (intentional stocking by 
humans, bait- bucket release, aquarium release, transport by boats), 
abiotic factors such as meteorological phenomena (floods, storms, 
heavy rain, and run- off creating temporal intra- lake connections), and 
vicariance (ice- age, river shifts). The number of entries found in each 
category is indicated in Appendix S2.

2.2 | Step 2: Quantification of knowledge among 
stakeholders and local decision makers

To quantify the knowledge in a practical context and to be able to com-
pare expert knowledge with the anonymous knowledge in online fo-
rums and blogs, we distributed a questionnaire to participants (n = 40) 
of a workshop conducted at the University of Basel, Switzerland in 
2016 (N’Guyen, Hirsch, Adrian- Kalchhauser, & Burkhardt- Holm, 2016 
for background details on how and why this yearly transdisciplinary 
workshop is organized). Participants were local stakeholders and deci-
sion makers outside academia, who were experts on freshwater fish 
management: public and private companies (n = 13), water- related 

and fisheries associations (n = 12), fisheries administration (n = 3), 
and environmental and civil authorities (n = 12). Before the question-
naire, we presented a brainteaser on fish dispersal to the participants 
in a lecture setting. The brain teaser consisted of a three- minute slide 
presentation on the fact that we, as scientists, would be interested to 
learn about the knowledge of the participants on how remote water 
bodies are colonized by fish. Questions were multiple- choice, Likert- 
scaled (“very likely,” “likely,” “unlikely,” “very unlikely”) or open. The 
questionnaire started by asking for the valuation of two known ex-
planations for fish occurrence in remote lakes: How likely the partici-
pants consider the explanation that fish occurrence can be explained 
either by human actions or by vicariance. We consciously refrained 
from asking specifically for zoochory as a third option, because we did 
not want to imply this to be an equally plausible option as human ac-
tions	and	vicariance.	Instead,	the	participants	were	given	space	to	pro-
vide alternative explanations, if they believed that “other explanations 
than humans and vicariance [were] responsible for fish occurrence in 
isolated water bodies” (see Appendix S3 for a complete and translated 
version of the originally German questionnaire).

2.3 | Step 3: Quantification of knowledge in 
published scientific literature

We conducted a systematic literature review following standard pro-
cedures to quantify the current scientific knowledge on passive fish 
egg transport by vectors in freshwater ecosystems (Moher, Liberati, 
Tetzlaff, & Altman, 2009; Pickering & Byrne, 2014). We simultane-
ously conducted a literature review on passive dispersal of crustacean 
eggs in freshwater ecosystems to control whether our method was 
indeed able to identify and quantify the current scientific knowledge 
on such a topic. The category “eggs” for crustaceans included life 
stages such as diapause eggs. We acknowledge that research on the 
passive dispersal of other life stages than eggs as propagules might 
be	present	in	the	literature	(Deacon,	Ramnarine,	&	Magurran,	2011;	
Magellan, Pinchuck, & Swartz, 2014). However, to allow for a con-
cise and credible comparison between fish and crustaceans, we chose 
to keep eggs as an unambiguous selection criterion for both groups. 
The literature search was carried out in the web of science database 
(www.webofscience.com) using the search terms fish*, crustac*, larv*, 
egg*, bird*, boat*, vector*, dispers*, transp*, attach* in various combi-
nations	separated	by	Boolean	operators	“AND”	or	“OR”	(see	Appendix	
S4 for details on the search terms). Review articles that did not pro-
vide new original research, books, book chapters, and gray literature 
such as reports were excluded from the results. We acknowledge that 
these sources may offer valuable insights, but they usually do not pre-
sent peer- reviewed primary data. We focused on English literature 
because we wanted to focus on universally accessible evidence. We 
consciously excluded articles focusing exclusively on genetic work. 
We acknowledge that genetic work can greatly advance our under-
standing of colonization patterns in time and space. For example, ge-
netic data can help to re- construct colonization patterns if population 
genetics are on par with vector activity (Adrian- Kalchhauser et al., 
2016). Population genetics, however, cannot identify the nature of 

http://www.webofscience.com
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the propagule which was transported by the vector. As we wanted to 
focus on empirical data on a specific type of propagule (fish or crus-
tacean eggs), we chose to omit genetic data from our analyzes (see 
Appendix S5 for a detailed list of inclusion criteria for analyzed litera-
ture). Search result lists were first screened to identify relevant pri-
mary research articles (i.e., studies investigating fish egg transport or 
crustacean egg transport by a vector based on a field study or labora-
tory study in freshwater ecosystems). The information obtained from 
articles meeting all inclusion criteria was then extracted and entered in 
an Excel® spreadsheet. As a last step, the reference lists of all included 
articles were screened for additional articles, which entered the same 
process as described above.

3  | RESULTS AND DISCUSSION

3.1 | Step 1: Quantification of knowledge in forums 
and blogs revealed that zoochory of fish eggs is the 
most frequently mentioned explanation

Our	 results	 revealed	 that	 the	 notion	 of	 animals	 transporting	 fish	
eggs between water bodies is prevalent in online blogs and forums 
(Figure	1a;	Appendix	S2).	Overall,	vector-	mediated	passive	dispersal	

was a frequent explanation for the occurrence of fish in remote 
water bodies (187 of 691 analyzed comments). Birds were by far the 
most frequently mentioned vector for fish and were frequently as-
sociated with the passive dispersal of fish eggs (50 of 187 comments, 
Figure	1a).	Of	these	50	comments,	34	associated	the	eggs	with	the	
feet	or	feathers	of	birds,	thus	specifying	the	mode	of	transport.	Other	
life stages of fish were less frequently associated with birds: adults 
appeared in 27 and juvenile/larvae merely in seven comments.

Humans were the second most frequent vector discussed but 
were not explicitly linked with eggs as propagules. Human vectors 
were mostly mentioned in the context of stocking activities or bait- 
bucket release (25 and 15 comments), which do not involve eggs. 
Abiotic factors were also discussed, but again, without explicit re-
ferral to eggs. Most frequently mentioned were floods translocating 
individuals across biogeographical boundaries (30 comments). The 
concept of vicariance found overall little consideration (14 com-
ments). The online blogs and forums also contain a plethora of an-
ecdotal	 explanations.	One	 frequent	 example	was	 the	 phenomenon	
of “fish rain,” which we categorized as an abiotic factor (eight com-
ments). Fish rain refers to the phenomenon of live fish being lifted up 
with water and carried across the landscape by storms and tornadoes 
(Bajkov, 1949).

F IGURE  2 Quantitative synthesis 
of the notion that birds are responsible 
for passive dispersal of fish eggs in the 
scientific literature. The flow- chart shows 
the number of papers screened and 
assessed in each step of the systematic 
quantitative literature review. The results 
show that published knowledge on passive 
dispersal of fish eggs is scarce (n = 2 
studies), whereas published knowledge 
on passive dispersal of crustacean eggs is 
comparatively abundant (n = 45)

F IGURE  1 Quantitative synthesis of 
the notion that birds are responsible for 
passive dispersal of fish eggs in online 
blogs and forums (a) and among local 
stakeholders and decision makers (b). 
Comments referring to birds as vectors 
(light gray). Comments referring to eggs as 
propagules (gray). Comments referring to 
birds transporting eggs (dark gray)
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3.2 | Step 2: Local stakeholders and decision makers 
suggest zoochory of fish eggs as an explanation for 
fish occurrence

Without any prior information on the topic, most respondents en-
tered zoochory as a relevant factor for the occurrence of fish in re-
mote	lakes	(Figure	1b).	Different	vectors	and	propagules	for	zoochory	
were proposed. The most frequent explanation was translocation of 
fish eggs by birds (Figure 1b). Among the two explanations provided 
in the questionnaire, “human activities” and “vicariance,” most partici-
pants considered the former a more likely explanation for fish occur-
rence in remote lakes than the latter (see Appendix S6 for a table of 
results from the questionnaire). Eggs were considered to be the most 
likely propagule for passive fish dispersal (21 participants). Larvae 
were considered least likely to serve as propagules, whereas adults 
and juveniles ranked intermediate (13 and 15). These results confirm 
that eggs are considered a prime dispersal propagule in forums as well 
as	among	local	stakeholders	and	decision	makers.	In	sum,	the	results	
from the questionnaire comply with our findings from the online blogs 
and forums and underscore that a belief in passive dispersal of fish 
eggs by animals is an integral part of the mindset of local stakeholders 
and	decision	makers.	 It	 is	 likely	that	stakeholders	and	decision	mak-
ers act according to this mindset when they address questions of fish 
dispersal in management practice. This may affect practical conser-
vation and management decisions and also the compliance with or 
support for management efforts. For example, if stakeholders and de-
cision makers consider zoochory a relevant dispersal mode, manage-
ment efforts for human vectors of invasive fish species may reach less 
compliance.	If	stakeholders	and	decision	makers	think	that	zoochory	

takes place in parallel with human- assisted dispersal, they might con-
sider management approaches preventing human- assisted dispersal 
less meaningful. Human vectors in contrast, should also not be over- 
emphasized if there is evidence supporting zoochory as a more rel-
evant	vector.	In	any	case,	scientists	claiming	credibility	for	arguing	for	
or against certain explanations of dispersal should objectively assess 
their knowledge contributions on the topic (Rosendahl, Zanella, Rist, 
& Weigelt, 2015). We therefore proceeded to conduct a literature re-
view to objectively assess the empirical knowledge base for passive 
fish eggs dispersal.

3.3 | Step 3: The quantification of knowledge in 
published scientific literature revealed that peer- 
reviewed articles on fish eggs as propagules and 
vectors for fish eggs are scarce

Our	literature	review	revealed	a	blatant	lack	of	empirical	data	on	fish	
eggs as propagules. When compiling published evidence, we found 
only two peer- reviewed articles studying fish eggs as passively dis-
persed	propagules	(Figure	2,	Appendix	S7	and	Appendix	S8).	Oulton,	
Carbia, and Brown (2013) experimentally tested desiccation tolerance 
in eggs of rainbowfish (Melanotaenia duboulayi, Melanotaeniidae) and 
concluded that they could be translocated by aquatic birds or human 
leisure activities such as kayaking or swimming. Hirsch et al. (2016) 
experimentally tested desiccation tolerance and resistance to water 
drag in round goby (Neogobius melanostomus, Gobiidae) eggs and 
analyzed temporal and spatial co- occurrence of egg propagules and 
vector activity. The authors conclude that round goby eggs could be 
translocated by recreational boats.

F IGURE  3 Schematic illustration of 
future research questions, with examples 
for publications addressing similar 
questions in crustaceans [Colour figure can 
be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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TABLE  1 Specification of study systems and model species offering particularly promising avenues toward gathering empirical data on 
passive dispersal of fish eggs by birds

Geographic 
location; study 
system Model species

Background on species and study 
system

Examples for promising 
research avenues References

British	Isles;	
ponds, lakes

Topmouth gudgeon 
(Pseudorasbora parva, 
Cyprinidae), sunbleak 
(Leucaspius delineatus, 
Cyprinidae)

Both species have eggs that are sticky 
and adhere to substrate. Both species 
colonize small and isolated water 
bodies within short time frames 
(months to years) making a dispersal via 
vectors highly likely

On	the	British	Isles	both	
species are invasive, which 
allows to study contemporary 
dispersal patterns that are 
unaffected by historical 
colonization. The sticky eggs 
allow to study the attachment 
of eggs as propagules to birds 
as vectors in field and 
laboratory settings

Zieba et al., 2010

Boreal zone; e.g., 
lakes in 
Fenno- 
Scandinavia 
(Europe), Canada

Pike/muskie (Esox 
lucius/E. masquinongy, 
Esocidae), perch (Perca 
fluviatilis, P. flavescens, 
Percidae)

The species show a mosaic of presence/
absence with some boreal lakes 
colonized by fish species and adjacent 
ones not. Some boreal regions have 
minimal human influences and 
well- studied populations of water birds

Being situated in remote and 
for humans hard- to- reach 
locations, the lakes in the 
boreal zone allow to minimize 
the effect of humans as 
stocking fish. The minimal 
human impact, high number 
and remote location of boreal 
lakes also allows for 
manipulating fish community 
and vectors which allows for 
field experiments of birds 
translocating fish eggs

Venturelli & Tonn, 
2005; Öhman 
et al., 2006

Central Europe; 
ephemeral ponds

Sunbleak (Leucaspius 
delineatus, Cyprinidae)

The species shows no commensalism 
with	humans.	It	has	sticky	eggs.	It	is	
historically known to appear suddenly 
and in high numbers in gravel pits and 
other ephemeral ponds (the German 
name etymologically translates to 
“motherless”)

The abundance of the species 
in temporal ponds in Europe 
and the lack of commensalism 
with humans in this species 
allows for direct observations 
of zoochory and minimizes the 
effect of humans as stocking 
fish. Comparisons with 
colonization patterns in the 
UK, where sun bleak are 
invasive (see above) allow to 
investigate novel colonization 
vs. recurrent observations

Zieba et al., 2010

Alpine regions in 
Eurasia and 
America; 
receding glaciers

Minnows (Phoxinus spp., 
Cyprinidae)

The species complex occurs in 
high- altitude alpine waters and has 
sticky eggs. Receding glaciers create a 
succession of novel lake ecosystems

The creation of replicated 
isolated lakes allows to 
observe zoochory into 
systems which are certainly 
devoid of any fish

Thaulow, 
Borgstrom, & 
Heun, 2014

America, Africa, 
Europe (invasive); 
ephemeral ponds 
in arid, semi- arid 
and subtropical 
regions

Cyprinodontiformes, e.g., 
annual killifish (Rivulus 
spp., Rivulidae), desert 
pupfish (Cyprinodon spp., 
Cyprinodontidae), 
mosquitofish (Gambusia 
spp., Poeciliidae)

The species complex has many 
adaptations to terrestrial environments. 
Some species develop hardy eggs that 
can survive long periods out- of- water, 
making eggs an extremely likely 
propagule, whereas other species are 
live- bearing, which precludes eggs as 
propagules. Many species are model 
species for fish ecology and evolution

The variety of habitats and 
species traits allows for 
multi- system studies of 
zoochory. The adaptation to 
terrestrial conditions and 
published knowledge on 
Cyprinodontiformes as model 
species allows to test 
processes relevant for 
zoochory under laboratory 
settings

Furness, 2016; 
Díez-	del-	Molino	
et al., 2013

(Continues)
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For passive dispersal of crustacean eggs, which we considered a 
comparable research domain, we found much more published evi-
dence, that is, 45 articles (Figure 2). The literature review also revealed 
that birds were the most frequently analyzed vector for crustacean 
eggs, whereas human activities and other vectors were less often in-
vestigated (see Appendix S8 for all results). Collectively, the literature 
review demonstrates that the traditional notion of fish eggs serving 
as propagule and of birds as vectors is not substantiated by empirical 
research. The low number of articles identified is not attributable to 
the search strategy, as a parallel approach for crustacean eggs yielded 
more	results.	If	studies	on	passive	fish	egg	dispersal	were	published,	
we would have found them with our method. We acknowledge that 
Web of Science is only one of many databases for peer- reviewed liter-
ature, albeit it is among the most appropriate ones for structured liter-
ature reviews in the natural sciences (Li, Burnham, Lemley, & Britton, 
2010). So there might well exist peer- reviewed literature on the topic 
that was not indexed in Web of Science. We are also aware that rel-
evant publications might exist in print- only at university libraries, or 
that empirical knowledge may be found in classic naturalist literature 
or in reports from environmental authorities. However, these publica-
tions are not accessible via standardized literature searches and not 
validated by peer- review. For example, in a non- peer- reviewed arti-
cle in German, Riehl (1991) reports the observation that fish eggs can 
indeed become attached to the feet of water birds. Between six and 
nine eggs of pike (Esox lucius, Esocidae) were found, sticking to the feet 
of three specimens of mallards (Anas platyrynchos, Anatidae) which 
hatched and developed into juvenile fish. This is a significant finding, 
because it is a direct observation of birds as vectors. But it remains 
difficult even for German- speaking scientists to build further empirical 
knowledge on this article. The exact number of birds and the method-
ology of catching the birds and examining them remain unspecified. 
Moreover, the article was brought to our attention by collaborators 
and neither our own online search nor the structured literature re-
view revealed it. There certainly is a wealth of such anecdotal reports 
written by respectable scientists and these reports may explain why 
fish eggs transported by birds are such a common notion. These anec-
dotes, even if color- and plentiful, cannot make up for the lack of pub-
lished empirical tests in the primary peer- reviewed literature. We are 
confident that our results are a realistic and relevant representation of 

how little empirical knowledge on passive fish dispersal is accessible 
to both scientists and managers.

4  | CONCLUSIONS AND OUTLOOK

4.1 | Fish eggs dispersed by waterfowl—a 
discrepancy between common notion and scientific 
facts

Our	quantification	of	knowledge	on	passively	dispersed	fish	eggs	re-
vealed a discrepancy between what people believe and what science 
has	provided	evidence	 for.	Our	 investigations	 revealed	 that	passive	
dispersal of fish eggs via zoochory, predominantly by water birds, is 
a prevalent explanation in online blogs and forums as well as among 
experts. Empirical research testing this plausibility, however, is absent 
or at least not readily accessible. Whether the absence of publica-
tions is caused by a lack of studies, or by studies producing negative 
results which are not published, cannot be determined. There might 
well be researchers, who would not believe in birds as vectors for fish 
eggs. But even if this belief was disputed by some researchers in con-
versation, it does not find any dispute in terms of hypothesis testing 
or data to prove or disprove its important underlying assumptions. 
Our	observations	raise	the	question	how,	in	the	absence	of	accessible	
evidence, such a belief became so abundant both in-  and outside of 
academia. This question, albeit interesting for the philosophy of sci-
ence	(Chalmers,	1999),	is	beyond	the	scope	of	this	article.	Instead,	we	
propose research directions to mitigate the observed absence of data 
(Figure 3).

4.2 | The way forward toward more empirical 
knowledge on fish egg zoochory

The presence or absence of empirical knowledge on fish egg zoochory 
is relevant from a conservational point of view. Knowledge on disper-
sal concepts is essential for predicting the spread of invasive species, 
for explaining meta- population dynamics, for explaining patterns of 
endemism, and for quantifying threats to fish biodiversity in freshwa-
ter ecosystems (Bohonak & Jenkins, 2003; Collier, Probert, & Jeffries, 
2016). We therefore argue that we need a more solid empirical 

Geographic 
location; study 
system Model species

Background on species and study 
system

Examples for promising 
research avenues References

America; Prairie 
Pothole Region, 
prairie potholes

Minnows (Phoxinus spp., 
Cyprinidae) brook 
stickleback (Culaea 
inconstans, 
Gasterosteidae)

Both species occur in prairie potholes. 
The potholes constitute a mosaic 
similar to boreal ponds. They are a 
prominent habitat for water birds and 
only 10- 20% contain fish. Amphibians 
(e.g. Tiger salamander Ambystoma 
tigrinum, Ambystomatidae) capable of 
overland dispersal also show a patchy 
distribution across potholes

The relationships between 
colonization by passively 
overland dispersing fish and 
actively overland dispersing 
amphibians allow to test for 
zoochory and overland 
dispersal as two dispersal 
strategies into isolated water 
bodies

Benoy, 2008

TABLE  1  (Continued)
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knowledge on fish dispersal into remote water bodies. To this end, sci-
entists could adopt existing approaches from other taxonomic groups 
and modify them to study freshwater fish. We propose that such an 
approach may proceed along a set of research questions gleaned 
from aquatic invertebrate research, which we summarized in Figure 3. 
More specifically, we present known study systems and species which 
hold promise to empirically test the underlying assumptions of passive 
dispersal of fish eggs by birds (Table 1). Future research on this topic 
along the lines presented in Figure 3 could be based on study systems 
and model species presented in Table 1. Such approaches could ad-
vance our knowledge on fish ecology and biogeography in general and 
also integrate fish ecology better with avian studies.

In	 the	 design	 and	 implementation	 of	 empirical	 research,	 special	
emphasis should be put on the cooperation of scientists and local 
stakeholders	and	decision	makers	(Defila	&	Di	Giulio,	2010;	N’Guyen	
et al., 2016). Combining and objectively assessing scientific and non- 
academic knowledge contributions is a fundamental step toward solv-
ing the puzzle of freshwater fish biogeography. The more complete 
our knowledge on passive dispersal is, the better will we be able to 
safeguard the globally imperiled freshwater fish biodiversity.
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