Received: 25 August 2021

|

Revised: 21 February 2022

|

Accepted: 8 March 2022

DOI: 10.1111/jbi.14367

D ATA A R T I C L E

The North American Freshwater Migratory Fish Database
(NAFMFD): Characterizing the migratory life histories of
freshwater fishes of Canada, the United States and Mexico
Emily M. Dean1
| Arthur R. Cooper1,2
| Lizhu Wang3 | Wesley Daniel4
|
5
1
6
7
Solomon David
| Clayton Ernzen | Keith B. Gido
| Edward Hale |
Tim J. Haxton8
| William Kelso9 | Nancy Leonard10 | Chris Lido11 | Joseph Margraf12 |
Michael Porter13 | Casey Pennock14
| David Propst15 | Jared Ross1
|
Michelle D. Staudinger16
| Gary Whelan2 | Dana M. Infante1
1

Department of Fisheries and Wildlife, Michigan State University, East Lansing, Michigan, USA

2

Michigan Department of Natural Resources, Fisheries Division, Lansing, Michigan, USA

3

International Joint Commission, Great Lakes Regional Office, Windsor, Ontario, Canada

4

United States Geological Survey, Nonindigenous Aquatic Species Unit, Gainesville, Florida, USA

5

Department of Biological Sciences, Nicholls State University, Thibodaux, Louisiana, USA

6

Divsion of Biology, Kansas State University, Manhattan, Kansas, USA

7

Delaware Sea Grant, School of Marine Science and Policy, College of Earth, Ocean & Environment, University of Delaware, Lewes, Delaware, USA

8

Ontario Ministry of Natural Resources and Forestry, Peterborough, Ontario, Canada

9

School of Renewable Natural Resources, Louisiana State University, Baton Rouge, Louisiana, USA

10

Pacific States Marine Fisheries Commission, Portland, Oregon, USA

11

New Jersey Department of Environmental Protection, Division of Fish and Wildlife, Trenton, New Jersey, USA

12

Alaska Cooperative Fish and Wildlife Research Unit, University of Alaska Fairbanks, Fairbanks, Alaska, USA

13

United States Army Corps of Engineers, Albuquerque, New Mexico, USA

14

Watershed Sciences, Utah State University, Logan, Utah, USA

15

Museum of Southwestern Biology, University of New Mexico, Albuquerque, New Mexico, USA

16

United States Geological Survey, Department of the Interior Northeast Climate Adaptation Center, University of Massachusetts Amherst, Amherst,
Massachusetts, USA

Correspondence
Emily M. Dean, Department of Fisheries
and Wildlife, Michigan State University,
East Lansing, Michigan 48823, USA.
Email: deanemi2@msu.edu
Funding information
U.S. Geological Survey; Michigan State
University; United States Geological
Survey
Handling Editor: Sergio Floeter

Abstract
Aim: Migratory freshwater fishes are those that must access discrete habitats to complete their life cycles. Freshwater fish migrations occur around the world and provide
numerous ecosystem services for humans and natural systems; however, many migratory species are in decline globally. A limiting factor to successfully conserve freshwater migratory fishes is that the migratory life histories of many species are unknown or
only partially described. To provide researchers with critical and comprehensive information to conserve migratory fishes, we developed the North American Freshwater
Migratory Fish Database (NAFMFD).
Location: Canada, Mexico and the United States.
Taxon: Freshwater fish.
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Methods: To develop this database, we assigned migratory status, pattern and behaviour to a comprehensive list of freshwater fish species found throughout North
America. We assembled the database which included assignments (i.e. migratory status, pattern and behaviour) as well as the sources used to make the assignments.
Researchers and managers from across North America reviewed the database for
completeness and accuracy on the migratory life histories of fishes.
Results: The database synthesizes current knowledge of migratory status, pattern and
behaviour of native and non-native freshwater fishes throughout North America, including 1250 species representing 79 families and 325 genera. Results showcase the
diversity of migratory life histories of freshwater fishes on the continent, including
that at least 25% of North American freshwater fishes are migratory, 23% are non-
migratory and 44% have undetermined migratory status.
Main conclusions: NAFMFD improves the quality of migratory data accessible to researchers, which supports a more holistic understanding of the threats encountered
by migratory fishes, including habitat fragmentation. The approach we used in developing NAFMFD can provide guidance for developing similar databases in other
regions. Collectively, our work offers new insights into the range of freshwater fish
migratory life histories, stimulating a need to better understand this diversity globally.
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I NTRO D U C TI O N

Waldman, 2009; Musick et al., 2000). Migratory freshwater fishes,
like most freshwater fishes, are threatened by stressors such as hab-

Freshwater fish migrations occur across the globe, with species

itat degradation, invasive species and changing climate. However,

moving within and between habitats at different life stages and

habitat fragmentation, defined as the division and isolation of hab-

with migration patterns and behaviours varying widely across spe-

itats due to anthropogenic barriers such as dams, culverts and road

cies and populations (as reviewed by Lucas & Baras, 2001; Morais &

crossings, is a common and especially pervasive threat to migratory

Daverat, 2016). The definition of migratory freshwater fish species

fishes globally (Gido et al., 2016).

has changed over time. Early definitions focused on type of waterbod-

While habitat fragmentation is challenging for the conservation

ies accessed and direction of movement, and this typically empha-

of many freshwater fish species, the challenge is especially pro-

sized fishes migrating long distances (Dingle, 1986; McDowall, 1997;

nounced for migratory species because they require access to multi-

Meek, 1916; Myers, 1949). Northcote (1978, 1984) expanded the

ple, well-connected habitats (Brink et al., 2018; McIntyre et al., 2016).

definition to include movements of large portions of a fish popula-

However, compounding this challenge, researchers do not have a full

tion between multiple habitats, which included diadromous migra-

understanding of which fish species are migratory, along with a clear

tions and migrations in wholly freshwaters (i.e. potamodromy). More

understanding of the types of migratory patterns and behaviours

recently, and especially in conservation and management contexts,

they express (Lennox et al., 2019). Relatively few freshwater mi-

distance of movement is not typically the primary factor defining

gratory fish species have their life histories fully described in the

a migratory species; it is instead an emphasis on access to habitats

literature, and those that do are typically from socioeconomically

needed for critical life stages, with this emphasis underscoring a spe-

important families such as sturgeon (Acipenseridae), freshwater eel

cies' vulnerability to the loss of habitat access (Lennox et al., 2019).

(Anguillidae), shad and herring (Clupeidae), and salmon and trout

Fish migrations provide numerous ecosystem services for humans

(Salmonidae) (Dingle & Drake, 2007; Lucas & Baras, 2001; Morais

and natural systems (Holmlund & Hammer, 1999); however, many

& Daverat, 2016). The migratory life history of many small-bodied

migratory fishes are in severe decline globally (Deinet et al., 2020).

fishes such as killifishes (Aplocheilidae, Fundulidae), livebearers

A recent assessment of migratory fishes in Europe reports that very

(Poeciliidae) and several genera of minnows (Cyprinidae) are gener-

few large rivers on the continent continue to support viable migra-

ally poorly described or unknown (Lucas & Baras, 2001). Improving

tory fish populations (Van Puijenbroek et al., 2019). Additionally,

our understanding of the migratory life histories of lesser-known

multiple efforts have documented drops in migratory fish abun-

freshwater fishes is a critical step to conserve and protect migratory

dances from historical levels across North America (Limburg &

species and their habitats.

|

DEAN et al.

3

Currently, electronic databases are available that partially char-

in the database at this time. Eastern and western Canada and Alaska in

acterize the migratory life histories of freshwater fishes globally.

the western U.S. contain rivers that drain portions of arctic landscapes

While advantageous for their accessibility, information on the migra-

and are inhabited by several anadromous salmonid fish species (see

tory life history for a given fish species can be inconsistent because

Table 1 for life-history strategy definitions; McPhail & Lindsey, 1970;

the databases were developed and reviewed using different ap-

Scott & Crossman, 1973). In large, coastal rivers of the southeastern,

proaches. Furthermore, entries in the databases may be incomplete,

western, and northeastern U.S., diadromous fishes access inland and

may lack detail on specific migratory patterns or may have been

marine habitats, while potamodromous fish species inhabit both coastal

developed without robust literature and/or expert review. For ex-

and interior portions of watersheds (McDowall, 1988). Potamodromous

ample, Froese and Pauly (2021) note that users of FishBase (https://

fishes colonized post-glacial streams and lakes and regularly re-colonize

www.fishbase.org/) can encounter erroneous entries that are not

streams subject to intense droughts in the midwestern U.S. (Whitney

supported by references because the approach to verify information

et al., 2016). In the arid southwestern U.S., potamodromous fishes

encoded into the database is not strictly applied. The International

evolved migration strategies to capitalize on spatiotemporally dynamic

Union for Conservation of Nature Red List of Threatened Species

habitats at the scale of entire river basins (e.g. Pennock, McKinstry,

(IUCN Red List; IUCN, 2021; https://www.iucnredlist.org/) provides

Cathcart, et al., 2020) and re-colonize streams following wildfires

a comprehensive conservation status for many species; however, its

(Gido et al., 2019; Whitney et al., 2017). Streams of Hawaii and of other

characterization of migratory life history for a species can be incom-

Pacific Islands experience major, recurring disturbances (e.g. drought,

plete because it is not required for the conservation assessment.

volcanism), and the dominant life-history strategy of fishes on the is-

Additionally, although the Global Register of Migratory Species

lands, amphidromy, likely developed in response to those disturbances

(GROMS; Riede, 2004; http://www.groms.de/) summarizes knowl-

(McDowall, 2003; McDowall, 2007a). Finer scale variation in environ-

edge on the migratory life histories of multiple vertebrate species,

mental and biological conditions within these regions yields additional

more than 4000 species included in the database are organisms that

species-level and population-level differences in migratory life histories

migrate at least 100 km. This qualifier for species inclusion in the da-

across and within basins.

tabase leads to an incomplete profile for several major taxa groups,
specifically, the many freshwater fishes that migrate distances less
than 100 km. Compiling a comprehensive database that specifically
details the migratory life histories of freshwater fish species would

2.2 | Assigning migratory status, pattern and
behaviour to fish species

enhance the ability of researchers to find verified, consistent information and provide a more complete and detailed species profile,

The fish species included in the database were identified from pub-

aiding in mitigation efforts of declines in migratory fishes globally.

lished freshwater fish species lists. For this effort, we broadly define

To address this need, we developed the North American

a freshwater fish as a species that uses freshwater habitats at some

Freshwater Migratory Fish Database (NAFMFD) synthesizing current

point in their life cycle. We first included fish species listed in Jelks

knowledge on native and non-native migratory freshwater fish spe-

et al. (2008), which presents a status assessment of many North

cies in North America. To develop this database, we first assigned

American fishes; species included in this review are all considered

migratory status, pattern and behaviour to a comprehensive list of

native to North America. Then, we added fish species compiled by

fish species found throughout North America. Next, we assembled

Daniel et al. (2015). This step supplemented additional fish species

the database which included assignments (i.e. status, pattern and be-

that were not included in Jelks et al. (2008), such as many non-native

haviour) as well as the sources used to make the assignments. Finally,

fish species, which we considered to be species introduced to North

researchers and managers from across North America reviewed the

America but with historical ranges located exclusively outside of the

database for completeness and accuracy on the migratory life histo-

continent (USGS, 2019). Finally, we supplemented the list with ad-

ries of fishes. We summarize results along with the conservation sta-

ditional native species from Frimpong and Angermeier (2009).

tus of species provided by the IUCN Red List (IUCN, 2021). We also

For each fish species, we reviewed published books focused

discuss potential future enhancements to the database and provide

on freshwater migratory fishes and freshwater fish life histories in

recommendations for developing similar databases for other regions.

Canada (e.g. Scott & Crossman, 1973), Mexico (e.g. Miller et al., 2005)
and U.S. states (e.g. Jenkins & Burkhead, 1994). The information

2

|

M ATE R I A L S A N D M E TH O DS

2.1 | Geographical scope

from published books was supplemented with information from
peer-reviewed journal articles and grey literature that were located
using the database search engine Google Scholar (https://schol
ar.google.com/). We defined grey literature as information created
by government agencies, academic institutions or non-government

Our database includes fishes found across the continent of North

organizations that is not controlled by commercial publishers such

America, including Canada, Mexico and the conterminous United States

as reports, proceedings, and dissertations and theses (Paez, 2017).

(U.S.) along with the outlying states of Alaska and Hawaii (Figure 1a).

We used Google Scholar at this stage because it provides search

Fishes from many countries in Central America are not well represented

results for both peer-reviewed journal articles and grey literature,

4
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F I G U R E 1 (a) Eight geographical
regions in North America where fish
species were reviewed by experts, along
with a distribution of the status of native
fish species in the region. While fishes
from Hawaii and Alaska were grouped
as part of the western U.S. in this figure,
we distinguish the status of their native
fish species from that of the larger
region. Note that because fish species
can transcend regional boundaries, a
single species could contribute a status
to multiple regions. Number of fish
species (n) is included for each region.
The map projection is Albers, and the
projected coordinate system of the map
is the USA contiguous Albers equal area
conic. (b) IUCN red list (IUCN, 2021)
conservation status of native north
American freshwater fish species with
migratory, suspected migrant, migratory
and non-migratory, non-migratory, and
undetermined statuses

while other literature database search engines are limited to peer-

undetermined). If the species was determined to have a migratory

reviewed journal articles only. Google Scholar literature searches

status, we proceeded to assign a pattern. Pattern refers to the sep-

were conducted using scientific and common fish species names

arate habitats that a migratory fish uses in their life cycle which can

and combination of keywords including: “life history,” “life cycle,”

include saltwater and freshwater habitats (i.e. diadromous) and/or

“ecology,” “migratory,” “migration,” “movement,” “mobile,” “dia-

wholly freshwater habitats (i.e. potamodromous). If the species was

dromy,” “anadromy,” “catadromy,” “amphidromy,” “potamodromy,”

diadromous, we assigned one or more of the following behaviours

“non-migratory,” “non-mobile” and “sedentary.” In addition to infor-

to the species, which indicates the timing and direction of a migra-

mation from peer-reviewed journal articles and grey literature, we

tion of a life stage between separate habitats: anadromous, semi-

supplemented information included in GROMS (Riede, 2004). If in-

anadromous, catadromous, semi-catadromous and amphidromous.

formation on a species' life history was not documented in published

We did not define behaviours for potamodromous species because

books, peer-reviewed literature, grey literature or GROMS, we re-

specific behaviours are difficult to define or are not well known for

ferred to FishBase (Froese & Pauly, 2021) and the IUCN Red List

most potamodromous fishes (Thurow, 2016). We assigned a fish spe-

(IUCN, 2021) as potential sources of information.

cies a suspected migrant status if we were able to find information

Following the literature review, we standardized the information

on the migratory life history of a species but could not determine the

compiled for these fish species using the following data categories

specific pattern for the species. Species with distinct migratory and

and assigned descriptors to each species (Table 1). The term status re-

non-migratory populations or populations comprised of migratory

fers to the general migratory life history of the species. This includes

and non-migratory individuals were assigned both a migratory and

whether a species is migratory or non-migratory or if it is suspected

non-migratory status. If species were found to not migrate from our

to migrate. It also includes whether it displays distinct migratory

review (i.e. a source clearly indicated that the species was not migra-

and non-migratory populations or individuals within a population.

tory), the species was assigned a non-migratory status. If we could

Additionally, the term status includes whether the migratory life his-

not find any statement on the migratory life history of a fish species,

tory could not be determined based on an absence of information (i.e.

we assigned the species an undetermined status.

|
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TA B L E 1 Definitions of status, pattern and behaviour assigned to freshwater fish species and the number and percentage of species
expressing that status, pattern and behaviour in the database
Status

Pattern

Behaviour

Definition
Species that must access discrete habitats to complete
their life cycles

320 (25%)a

Species that migrate between freshwater and saltwater
habitats, and include those species that exhibit
anadromous, semi-anadromous, catadromous, semi-
catadromous and amphidromous behaviours

82 (25%)b

Amphidromous

Species whose adult stage spawns in freshwater and
whose larvae migrate to the sea to feed; juveniles
return to freshwater to mature into adults

28 (34%)c

Anadromous

Majority of the species' life is in the sea, and the species
migrates to freshwater to spawn

13 (15%)c

Semi-anadromous

Species whose spawning run from the sea extends only as
far as the upper estuary rather than into the freshwater
environment

20 (24%)c

Catadromous

Majority of the species' life is in freshwater, and the
species migrates to the sea to spawn

9 (11%)c

Semi-c atadromous

Species whose spawning run extends only as far
downstream as estuarine areas rather than into the
marine environment

0 (0%)c

Amphidromous +
anadromous

Species exhibits both amphidromous and anadromous
behaviours

2 (3%)c

Amphidromous +
catadromous

Species exhibits both amphidromous and catadromous
behaviours

4 (5%)c

Amphidromous +
semi-anadromous

Species exhibits both amphidromous and semi-
anadromous behaviours

2 (3%)c

Anadromous +
semi-anadromous

Species exhibit both anadromous and semi-anadromous
behaviours

3 (4%)c

Catadromous +
semi-c atadromous

Species exhibits both catadromous and semi-c atadromous
behaviours

1 (1%)c

Potamodromous

Species that migrate entirely within freshwater habitats.

210 (66%)b

Diadromous and potamodromous

Species that exhibit a diadromous pattern (including one or
more diadromous behaviours) and a potamodromous
pattern

28 (9%)b

Suspected migrant

Source indicates a fish species could be migratory but
insufficient evidence to assign a specific pattern

20 (2%)a

Migratory and non-migratory

Species have distinct migratory and non-migratory
populations or populations comprised of migratory and
non-migratory individuals

67 (6%)a

Non-migratory

Species that do not require migration between two or
more habitats to support a life stage

295 (23%)a

Undetermined

Absence of information on a fish species' migratory life
history

548 (44%)a

Migratory
Diadromous

a

Percent of migratory, suspected migrant, migratory and non-migratory, non-migratory, and undetermined species.

b
c

No. of
species (%)

Percent of migratory species.

Percent of diadromous species.

2.3 | Assembling the database

one species; sources used to assign information were also included
(see list of sources in Appendix S1). Species taxonomy was obtained

Our

and

from the Integrated Taxonomic Information System (ITIS; ITIS, 2021;

Angermeier's (2008) Fish Traits database. We compiled the status,

database

follows

a

similar

format

to

Frimpong

https://www.itis.gov/), with database columns representing family,

pattern and behaviour assignments for each freshwater fish spe-

scientific and common names along with family, genus and species

cies into a single database with each row containing information for

ITIS codes. An additional database column includes species codes

6
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from FishBase (Froese & Pauly, 2021). Species codes were obtained

3.1 | Migratory fishes

using R 4.1.2 (R Core Team, 2021; https://www.R-project.org/) and
the rfishbase package (Boettiger et al., 2021; https://github.com/

Our assessment showed at least 25% of native and non-native spe-

ropensci/rfishbase). Columns representing status, pattern and be-

cies comprising the North American freshwater fish assemblage are

haviour are marked as binary (0/1) for each species with 1 indicat-

migratory (Table 1). Migratory fishes also comprise a substantial pro-

ing that a species exhibits a particular migratory status, pattern and

portion of the native freshwater fish assemblages in North America,

behaviour while 0 represents its absence. The subsequent column in

with the entire native assemblage in Hawaii and greater than one-

the database identifies the sources for the status, pattern and behav-

quarter of all regional assemblages (except that of Mexico) being

iour assignment for a species, and the following column has cells con-

migratory (Figure 1a). At least 20% of Mexico's fish assemblage is

taining the status, pattern, and behaviour as text (e.g. non-migratory;

migratory; however, this region also has the highest proportion of

potamodromous; anadromous) identified from the specific source.

species with undetermined status (Figure 1a). Some fish families are
entirely migratory, such as sturgeon (Acipenseridae), freshwater eel

2.4 | Reviewing of the database by north American
freshwater fish experts

(Anguillidae), sleeper (Eleotridae) and mojarra (Gerreidae) (Figure 2).
The sucker (Catostomide), pike (Esocidae), goby (Gobiidae), lamprey
(Petromyzontidae), and the salmon and trout (Salmonidae) families
have more than 50% of species considered migratory (Figure 2).

In all, 16 reviewers, including university researchers and govern-

Approximately 25% of migratory fish species in our database are

mental scientists, with expertise in North American freshwater

listed as near threatened and vulnerable or endangered and criti-

fishes verified the status, pattern and behaviour assigned to each

cally endangered in North America according to the IUCN Red List

fish species in the database according to their regional knowl-

(IUCN, 2021; Figure 1b). A recent global assessment of migratory

edge. We divided North America into eight geographical regions

fishes suggests that from 1970 to 2016, abundances of some species

(Figure 1a) and recorded a species' presence or absence in a region

in North America have experienced the lowest average decline (−28%)

with species distribution maps and text-based descriptions from

compared to other regions of the world (Deinet et al., 2020); however,

FishBase (Froese & Pauly, 2021) and the IUCN Red List (IUCN, 2021)

this assessment only included population data for 63 freshwater mi-

as well as georeferenced record maps from the Global Biodiversity

gratory fish species. Our database contains 61 of the species assessed

Information Facility (GBIF; GBIF.org, 2021; https://www.gbif.org/).

by Deinet et al. (2020) (excluding the Bull Shark, Carcharhinus leucas,

We referred to the Nonindigenous Aquatic Species (NAS) freshwa-

and the Smalltooth Sawfish, Pristis pectinata), plus an additional 259

ter fish database provided by the United States Geological Survey

migratory species. It is unclear how population data for these addi-

(USGS) to determine geographical distributions of non-native spe-

tional migratory fishes would change the estimate of decline.

cies in the U.S. (USGS, 2019; http://nas.er.usgs.gov/), we referred to

Fishes exhibiting a single diadromous pattern comprise 25% of

Crossman (1991) to determine distributions of non-native fish species

the North American migratory fish assemblage (Table 1). Many am-

in Canada, and we referred to Espinosa-Pérez and Ramírez (2015) to

phidromous species are members of the sleeper (Eleotridae) and goby

determine distributions for non-native fish species in Mexico.

(Gobiidae) families (Figure 2), and although amphidromous fishes comprise the largest percentage (34%) of diadromous fish in North America

3
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(Table 1), they have received minimal conservation attention in comparison to fishes with other diadromous behaviours (McDowall, 2007b).
Anadromous fishes, like species of sturgeon (Acipenseridae), shad

Our review resulted in a total of 1250 species (723 native and non-

and herring (Clupeidae), smelt (Osmeridae), and salmon and trout

native species from Daniel et al., 2015; 518 native species from Jelks

(Salmonidae) (Figure 2), comprise only 15% of diadromous fishes and

et al., 2008; nine native species from Frimpong & Angermeier, 2009)

4% of all migratory fishes (Table 1); however, they are the most well

from 79 families representing 325 genera. This includes 1124 na-

studied of diadromous fishes in general (Acolas & Lambert, 2016;

tive fish species and 126 non-native fish species. We reviewed 285

Lucas & Baras, 2001; McDowall, 1988). Approximately 24% of dia-

sources which included published books, peer-reviewed journal

dromous fishes are semi-anadromous, with this behaviour being well-

articles and grey literature. Journal articles were the most com-

represented among mojarra (Gerreidae) and drum (Sciaenidae) species.

mon sources used to populate the database, with 183 articles

Few migratory fishes (<11%) are catadromous (Table 1), although the

used, followed by 52 grey literature documents, and 50 published

pattern is exhibited by the freshwater eel (Anguillidae) family, which

books. We reviewed information for 140 fish species from GROMS

includes one native and three non-native fishes (Figure 2).

(Riede, 2004) including 93 species that are native and 47 species

Potamodromous species comprise the largest percentage (66%)

that are non-native to North America. We referred to FishBase

of migratory fishes (Table 1) and are well represented by species

(Froese & Pauly, 2021) and the IUCN Red List (IUCN, 2021) for 88

in families of sturgeon (Acipenseridae), sucker (Catostomidae),

species that lacked documentation of their migratory life histories

pike (Esocidae), gar (Lepisosteidae) and lamprey (Petromyzontidae)

in published books, peer-reviewed journal articles, grey literature or

(Figure 2). There are likely more than 210 potamodromous spe-

GROMS (Riede, 2004).

cies in North America, considering that 17 out of the 20 suspected

|
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F I G U R E 2 Distribution of status, pattern and behaviour of freshwater fish families with four or more species in the database, including
native and non-native species. Number of species per family are listed after each stacked bar. The category ‘multiple diadromous’ refers to
fish species that exhibit more than one diadromous behaviour (e.g. anadromous + semi-anadromous; see Table 1). The figure is organized
from top to bottom with families with mostly diadromous species (and their behaviours), to those with mostly potamodromous species, then
families with mostly migratory and non-migratory species, non-migratory species, and finally undetermined species

migrant species (Table 1) are potamodromous. The total number of

of 172 potamodromous species in the Amazon River basin of South

known diadromous fish species globally is approximately 250 spe-

America (Duponchelle et al., 2021) and the 165 potamodromous

cies (McDowall, 1997) which was estimated by McIntyre et al. (2016)

species from the Mekong River (Baran & Myschowoda, 2009) im-

to be comparable to the sum of potamodromous fish species doc-

plies that the number of diadromous fish species globally is under

umented in Canada (34 species; Lucas & Baras, 2001), in South

half the sum of potamodromous fish species in these three regions.

American rivers (~67 species; Carolsfeld et al., 2004), and within

Although potamodromous species comprise a larger proportion of

the Mekong River (165 species; Baran & Myschowoda, 2009). Our

the global migratory fish assemblage than diadromous species, the

estimate reveals that 210 potamodromous fish species occur in

life histories of potamodromous fishes have received far less conser-

North America; this estimate in conjunction with a newer estimate

vation attention in comparison (Thurow, 2016).

8
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3.2 | Multiple migratory statuses,
patterns and behaviours

3.3 | Non-migratory fishes
Non-migratory fish species comprise at least 23% of the entire North

A single species can exhibit considerable diversity in its migratory

American freshwater fish assemblage (Table 1) and less than 25%

life history throughout its range in North America. Collectively,

of regional freshwater fish assemblages (Figure 1a). The families of

approximately 16% of diadromous fish species are known to have

cavefish (Amblyopsidae) and pygmy sunfish (Elassomatidae) are en-

population-level variation in their behaviours (Table 1). For exam-

tirely non-migratory (Figure 2). Cichlid (Cichlidae), sculpin (Cottidae),

ple, catadromous and amphidromous behaviours have been ob-

pupfish (Cyprinodontidae), killifish (Fundulidae), catfish (Ictaluridae)

served across populations of the Bigmouth Sleeper (Gobiomorus

and livebearer (Poeciliidae) families have greater than 50% of the

dormitor) within its native range (McBride & Matheson, 2011).

species as non-migratory (Figure 2). About 30% of non-migratory

Furthermore, about 9% of migratory species are known to have

species are listed as near threatened and vulnerable or endangered

diadromous and potamodromous populations (Table 1). Variation

and critically endangered in North America (Figure 1b).

in diadromous and potamodromous patterns (as well as diadromous behaviours) among populations can increase the likelihood
of population persistence by spreading the risk of extirpation
among life histories. For example, Oncorhynchus mykiss is a Pacific

3.4 | Fishes with undetermined migratory
life histories

salmonid that displays this strategy, exhibiting anadromous
(Steelhead Trout) and potamodromous (Rainbow Trout) forms in

Approximately 44% of species in the database were assigned an un-

its native range in the western coastal regions of the continent

determined status. Fish families with greater than 50% of species

(Behnke, 2010; Hodge et al., 2016). Different patterns of migra-

assigned an undetermined status include silverside (Atherinopsidae),

tion of O. mykiss occur seasonally (Behnke, 2010) and may occur

minnow (Cyprinidae), anchovy (Engraulidae), splitfin (Goodeidae),

simultaneously in cohorts of a single year class among populations

and perch and darter (Percidae) (Figure 2). Of the regional fish assem-

and even within a single population of O. mykiss (Northcote, 1978);

blages, Mexico has the most species with undetermined migratory

such life-history plasticity is displayed by other salmonid species

life histories (~50% of 365 total species), followed by the southeast-

as well (Behnke, 2010).

ern U.S. (~45% of 633 total species) (Figure 1a). Many splitfin species

Besides exhibiting multiple migratory patterns and be-

occupy basins in Mexico (Miller et al., 2005), and many species of

haviours, approximately 6% of the North American freshwater

minnows, perches and darters are in basins throughout the south-

fish assemblage consists of species that exhibit distinct mi-

eastern U.S. (Page, 1983; Warren et al., 1997) Approximately 32%

gratory and non-m igratory statuses, with variation occurring

of species with undetermined migratory status are listed as near

among populations and individuals (Table 1). These species

threatened and vulnerable or endangered and critically endangered

comprise a larger share of Canadian and Alaskan freshwater

(Figure 1b). Research on the migratory life histories of these species

fish assemblages than in other regions (Figure 1a). Salmonids

is critical for identifying and understanding the threats driving their

are well known to have distinct anadromous, potamodromous

declines in North America.

and non-m igratory populations (Northcote, 1997; Figure 2).
For example, Brook Trout (Salvelinus fontinalis) can be non-
migratory and reside for their entire lives in lakes (e.g. Addison

3.5 | Enrichment of the database

& Wilson, 2010), they can be anadromous if they have access to
coastal streams (e.g. Ryther, 1997), or they can be potamodro-

The database provides information on the migratory status, pattern

mous if they are land-locked but have access to tributaries (e.g.

and behaviour for 702 out of 1250 freshwater fish species found

Huckins et al., 2008). Recent research is finding that popula-

in North America. In assembling the information for the database,

tions with migratory and non-m igratory individuals are more

we determined that there are 548 species that require more in-

prevalent than previously thought (Dzul et al., 2021; Pennock,

formation to determine their migratory status, pattern and be-

McKinstry, & Gido, 2020). For example, individual Central

haviour. Additionally, a comparison of this list with Scharpf (2021)

Stonerollers (Campostoma anomalum) can migrate up to 1 km

and Tedesco et al. (2017) identifies several species found largely in

between pools and other riverine habitats while other individual

Central America that could be added to this database. Collectively,

C. anomalum remain in pools for their entire life cycles (Pennock

these points underscore the importance of developing a better un-

et al., 2018). The idea that riverine fishes are mostly ‘resident’

derstanding of freshwater fish migrations to effectively conserve

or non-m igratory may be related to sampling biases that failed

this group of fishes. This could include incorporation of distances

to detect migrations of different fishes (Gowan et al., 1994;

of migration for individual species which would aid in efforts to un-

Gowan & Fausch, 1996). Species with both a migratory and non-

derstand species' vulnerability to different stressors. To fill these

migratory status have the lowest percentage of species listed

knowledge gaps, researchers are encouraged to submit informa-

as near threatened and vulnerable or endangered and critically

tion to support future versions of the database, including newly de-

endangered (Figure 1b).

scribed fishes and fishes that are not currently listed in the database.
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Submissions will be reviewed by the NAFMFD team, and the data-

ORCID

base will be periodically updated with verified information (see Data

Emily M. Dean

Availability Statement).
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pled with environmental and biological data could help to address
causes of migratory fish decline in freshwater systems, includ-
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