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Abstract  For decades, many freshwater fishes 
native to North America have been written off as 
“rough fish” and neglected as inconsequential or even 
scorned if perceived as inimical to traditional game-
fish. Across the continent, the exact species included 
in this category vary but often include members of the 
families Lepisosteidae, Amiidae, Hiodontidae, Cato-
stomidae, Ictaluridae, and Sciaenidae. The casual or 
callous treatment of these fishes, although occasion-
ally questioned by diversity-minded scientists and the 
public for at least a century, has recently come under 
more widespread scientific scrutiny, as more holistic 
views of ecosystems and ecosystem-based manage-
ment are increasingly embraced and implemented. 
Paradoxically, we are also in an era where increasing 
technological capabilities have exacerbated the casual 
disposal of native fishes via bowfishing and other 
methods, often followed by widespread publicity 

through social media. Amid this rapid technological 
evolution, recent scientific studies have identified and 
highlighted the long lifespans, erratic recruitment, 
and surprisingly complex stock composition and life 
histories of many of these neglected fishes. Conser-
vation of these distinctive and fragile taxa has been 
initiated under the recognition of this life history 
diversity. As exemplified by the 23 articles in this 
Special Issue on “Underappreciated Native Fishes 
of North America and their Management” and high-
lighted in this introductory article, research on many 
of these taxa has surged, as has their need for man-
agement. Scientific discoveries during this timeframe 
have redefined our understanding of several of the 
species and have led to an enlightened appreciation 
of these fishes and their valuable roles in freshwater 
ecosystems.
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Introduction: the origins of this Special Issue

This Special Issue of Environmental Biology of 
Fishes, entitled “Underappreciated Native Fishes 
of North America and their Management,” has its 
origins at the confluence of advances in at least 
three areas of scientific inquiry and understanding 
over the last quarter century: in fisheries science, in 
fisheries harvest management, and in human societal 
perceptions and values. The first advance has been 
a number of important research papers in fisheries 
science on the life history of these species, many of 
which demonstrated that native fish species live much 
longer than previously thought (Fig. 1; Lackmann et al. 
2019, 2023a; Daugherty et  al. 2020; Andrews et  al. 
2024), have less regular recruitment in many localities 
than had been assumed (Love et  al. 2019; Radford 
et  al. 2021; Lackmann et  al. 2021, 2022a,b, 2024a; 
Montague et al. 2023; Woodling et al. 2024; Maxson 
et al. 2024), may have previously unrecognized distinct 
stocks and even subspecies or species (Brownstein 
et  al. 2022; Wright et  al. 2022), and play important 
roles in ecosystem stability (Scarnecchia 1992; 
Bennett et al. 2015; David et al. 2018; Scarnecchia and 
Schooley 2020). Studies have also revealed that many 
of these species are periodic (bet-hedging) strategists 
(Winemiller and Rose 1992), which has redefined our 
understanding of the ecological role of several of the 
taxa and has caused range-wide shifts in the way they 
are studied and valued (Kopf et al. 2024).

The second major advance has been the increased 
pursuit and recognition of bowfishing of many native 
species as an area in need of sustainable harvest 
management (Quinn 2010; Bennett and Bonds 2012; 
Bennett et al 2015; Scarnecchia and Schooley 2020; 
Lackmann et  al. 2024b). Species once viewed as 
nongame are now providing widespread recreational 
opportunities and therefore warrant more direct 
harvest management attention routinely afforded 
game species. They are now, in effect, new game 
fish (Scarnecchia et  al. 2021). Other novel fishing 
approaches besides traditional angling that target 
native fishes also require conscientious management. 
This recognition has resulted in a significant increase 
in research interest in the topic of bowfishing 
for native species. Research output and research 
relevance have both surged since 2019 as it pertains to 
bowfishing native freshwater fishes of North America 
(Table  1). Approximately 74% of the peer-reviewed 
studies in relation to the topic have been published in 
the past 5 years, a near tripling of the output from the 
previous 27  years (Fig.  2a). Moreover, these studies 
of the past half-decade have amassed 376 citations 
as of late 2024, more than half of all citations in 
the field (n = 750) since a seminal paper on gar and 
bowfin management was published by Scarnecchia 
(1992) (Fig.  2b). Furthermore, the average citation 
rate per paper has increased significantly since 2010 
(F1,11 = 16.4, df = 1, p = 0.0019, R2 = 0.60), from 
an average of about 1 citation per study per year 
for studies published in 2010, to an average of 6 
citations per study per year for studies published in 
2023 (Fig. 2c). Bowfishing has not only increased in 
popularity among participants; it has also recently 

Fig. 1   A closeup of a cen-
tenarian bigmouth buffalo 
Ictiobus cyprinellus from 
Minnesota. Prior to 2019, 
the maximum known lifes-
pan of bigmouth buffalo 
was more than 100 years 
younger than what is now 
known. Photo credit: Alec 
Lackmann
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caught the attention of researchers and managers, 
especially as it pertains to native species (Scarnecchia 
and Schooley 2020).

The third major advance involves a reconsideration 
of these fishes from a broad societal perspective, 
not just for what they bring to sport or commercial 
fishing but for the biotic diversity that they provide 
in our aquatic ecosystems (Scarnecchia 1992; Cooke 
et  al. 2005; Rypel et  al. 2021; Scarnecchia et  al. 

2021; Kopf et al. 2024). Changing societal roles and 
preferences manifested by a more diverse human 
demographic in North America is favoring a more 
diverse reconsideration of all ecosystem benefits of 
such species. This was highlighted by Solomon David 
at the 2022 American Fisheries Society Annual 
Meeting where the phrase was coined: “Diverse 
fishes, diverse voices” (David 2022). Neglect of these 
native fishes was not just seen in the comparatively 
low number of papers once written about their 
biology (Rypel et al. 2021). Neglect was also seen in 
the context of a changing human societal context and 
appreciation for the diversity of these native fishes. 
The assemblage of papers in this Special Issue is an 
outcome of the confluence of these three important 
advances in knowledge and its recognition.

The Special Issue: a synopsis of themes 
and papers

This Special Issue contains 23 articles: two articles 
that discuss underappreciated native fishes from a 
legal or public perspective and 21 that are on a broad 
ecological and phylogenetic diversity of North Amer-
ican freshwater fishes from lampreys to teleosts. The 
articles, arranged in the issue in general phylogenetic 
order, are briefly discussed here and grouped into five 
general themes.

The first two articles provide interesting and hope-
ful accounts of changing legislative and public per-
ceptions related to native “rough fish.” Winter (2024) 
provides a case study for native fish conservation 
based on recent legislation in Minnesota. Previous 
regulations combined native (e.g., catostomids and 
holosteans) and invasive (e.g., common carp Cypri-
nus carpio Linnaeus, 1758) species into a single legal 
category, severely limiting options for managers and 
confounding conservation efforts. In 2024, Minnesota 
became the first state to intentionally reform these 
statutes, creating and regulating a new legal category, 
“native rough fish.” Results and perspectives from 
Winter (2024) have applicability to other states con-
sidering and enacting appropriate legislation. Kelly 
and David (2024) provide evidence of public interest 
in nongame native fishes comparable to game fishes 
using a 10-year analysis of social media. This anal-
ysis suggests a willingness of the public to engage 

Fig. 2   a The number of peer-reviewed publications (n = 46) 
across time in relation to bowfishing freshwater fishes native 
to North America and their management, (b) their citations 
(n = 750) over the past 35 years, and (c) the mean citation rate 
(average number of citations per study per year, for studies 
published in year x) since 2010 reveals a significant increase 
in research relevance over the past 14  years (F1,11 = 16.4, 
df = 1, p = 0.0019, R.2 = 0.60). All data as of 3 November 2024 
according to Google Scholar. In conjunction with Table 1
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with a wider variety of species-related content than 
is most often featured. This study also highlights 
key opportunities for future outreach, which will be 
critical; greater public appreciation of a wider vari-
ety of native freshwater fishes is key to the legislative 
change described by Winter (2024).

The holosteans—gars and bowfins—are an often-
maligned group of freshwater fishes in modern fisheries 
management. However, their value is slowly being 
recognized (Fig. 3; David et al. 2018), and seven articles 
within the Special Issue deal with these fishes. Ellard 
et al. (2024) identify habitat use trade-offs influencing 
movement in alligator gar Atractosteus spatula 
(Lacepède, 1803), while Bartnicki et  al. (2024) use 
climate change models to predict future distributions 
of this largest holostean species. Movement patterns 
and the influence of ecomorphology in longnose gar 
Lepisosteus osseus (Linnaeus, 1758) are explored 
by Croft-White et  al. (2024) and Doll et  al. (2024), 
respectively, while Molinaro et  al. (2024) determine 
vital rates of shortnose gar L. platostomus Rafinesque, 
1820 in a floodplain river. The ecology of the emerald 
bowfin Amia ocellicauda (Richardson, 1836) is 
explored by Moratz et  al. (2024), while bowfin 
spawning migrations and site fidelity are the focus of 
Jackson et al. (2024).

Catostomids are a rather diverse family of fish, 
almost exclusively native to North America, and they 
also figure prominently in this Special Issue. Murchie 
et  al. (2024) used citizen scientists to monitor the 

migratory behavior of another large-bodied, under-
appreciated native species, white sucker Catostomus 
commersonii (Lacepède, 1803), and Richter et  al. 
(2024) use acoustic telemetry and environmental data 
to better understand its seasonal habitat use. The biol-
ogy, ecology, and management of several species of 
redhorse (Moxostoma spp.), also members of Cato-
stomidae, are also investigated in this issue. Lack-
mann et al. (2024b) found that single-stock manage-
ment strategies for the six Minnesota redhorse species 
are not supported by their life history traits, harvest 
rates, and population dynamics, and that bowfishing 
redhorse is significantly increasing with exploitation 
rates more than 200 × that of commercial fishing. 
Using environmental DNA, Rider and Janosik (2024) 
were able to identify high spatiotemporal occur-
rences of the imperiled river redhorse M. carinatum 
(Cope, 1870) in Florida and Alabama. Habitat niche 
dynamics of another imperiled redhorse, the currently 
undescribed sicklefin redhorse (Moxostoma sp.), were 
investigated by Favrot and Kwak (2024). Popula-
tion dynamics of long-lived sucker species including 
smallmouth buffalo Ictiobus bubalus (Rafinesque, 
1818), bigmouth buffalo I. cyprinellus (Valenciennes, 
1844), and Carpiodes spp. are explored across a wide 
geographic range from Colorado to the Laurentian 
Great Lakes by Woodling et al. (2024), Maxson et al. 
(2024), and Montague et al. (2024). The late matura-
tion, asymptotic growth, sexual size dimorphism, and 
variable recruitment exhibited by many catostomids 

Fig. 3   A large alligator gar 
Atractosteus spatula, tagged 
and released at a Missis-
sippi River floodplain lake. 
Although alligator gars 
were the focus of eradica-
tion efforts by fisheries 
managers and anglers in 
the past, perceptions of 
the species and its value to 
ecosystems and fisheries 
have improved over the past 
20 years. As charismatic 
megafauna, gars can also 
serve as “gateway fish,” 
facilitating public educa-
tion and interest in other 
underappreciated native 
freshwater fishes (e.g., bow-
fins, buffalofishes). Photo 
credit: USFWS
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across broad geographic regions demonstrate the 
need for conscientious management of these long-
lived taxa.

Population dynamic rates are an integral part of 
modern fisheries management, but these data were 
once largely lacking for many native fishes. Stuart 
et  al. (2024) help fill this knowledge gap for fresh-
water drum Aplodinotus grunniens Rafinesque, 
1819, a widely distributed freshwater species found 
from Canada (Fig. 4), through central USA, and into 
Atlantic drainages of Mexico and Guatemala (Neely 
et  al. 2024). Stuart et  al. (2024) found they exhibit 
variable recruitment related to environmental condi-
tions and considerable longevity for a freshwater fish 
(62  years). Alongside their broad geographic range 
and long lifespans, Glowa et  al. (2024) found that 
freshwater drum are remarkably mobile, with mean 
monthly movement rates among the highest on record 
for freshwater fishes.

The habitat preferences, population dynam-
ics, and even the “personality” of smaller and even 
more understudied species are also included in this 
issue. Hartman et  al. (2024) model suitable habitat 
for the five native lamprey species in Illinois. Lam-
preys, often a maligned group of fishes in North 
America given the damage caused by their non-
native “cousin,” the sea lamprey Petromyzon mari-
nus Linnaeus, 1758, in the Laurentian Great Lakes, 
are becoming increasingly appreciated (Maitland 
et al. 2015; Clemens and Wang 2021). Renner et al. 
(2024) examine long-term patterns in goldeye Hiodon 
alosoides (Rafinesque, 1819) in South Dakota. Bar-
rett and Cashner (2024) found evidence of a bold-
exploratory-active behavioral syndrome in the creek 
chub Semotilus atromaculatus (Mitchill, 1818) and 
suggested that intraspecific differences such as these 
can have important influences on stream community 
dynamics. Although the vast majority of the papers 
in this Special Issue focus on the larger-bodied hol-
osteans, catostomids, and sciaenids, the increasing 
recognition of these small, often “out-of-sight, out-
of-mind” species is gratifying.

Conclusion

We now realize that many previously neglected, 
underappreciated native species deserve and require 
more research and management attention. Mounting 
evidence from peer-reviewed scientific studies, public 
discourse on social media, and changing values and 
perceptions of North Americans suggests a move-
ment away from strictly traditional thinking of these 
species as “rough fish.” We have come to embrace 
a perspective of understanding and appreciation of 
the roles these species play not only as newly rec-
ognized game fishes, but also as important parts of 
ecosystem-based management of North American 
freshwater fisheries. This Special Issue on “Underap-
preciated Native Fishes of North America and their 
Management” brings us one step closer to the diver-
sity of native fishes being recognized, respected, and 
conserved.
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Fig. 4   A young angler on the Red River in Manitoba catches 
her first freshwater drum Aplodinotus grunniens, illustrat-
ing that “rough” fish are often someone’s first fish. Fishing 
guides are Ken Stewart (front) and Doug Watkinson (back), the 
authors of The Freshwater Fishes of Manitoba. Photo credit: 
Margaret Docker
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