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• Successful detection of Alabama and
Gulf sturgeon using eDNA.

• Distribution and temporal data sug-
gest individuals of both species may
have migrated through or over nav-
igation locks or dams and remained
upstream of passage barriers.

• The distribution of these species sug-
gests that the removal of at least one
passage barrier will benefit both of
these imperiled fishes.
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a b s t r a c t

Environmental DNA (eDNA) is a relatively new technique that has proven to be a successful
tool for the detection of rare and/or spatially and temporally variable organisms. For aquatic
species, field sampling can require extensive effort and may be unreliable in terms of
determining the presence or absence of a target species, especially when the target species
is rare. For this study we used eDNA to try to detect Alabama Sturgeon (Scaphirhynchus
suttkusi) and Gulf Sturgeon (Acipenser oxyrinchus desotoi) presence in the Mobile River
Basin of Alabama. These two sturgeon speciesmake idealmodel organisms for examination
of this technique in the detection of rare species, as the Alabama Sturgeon is critically
endangered and the Gulf Sturgeon is listed as vulnerable on the International Union for
Conservation of Nature (IUCN) Red List. In spite of the critical need for information on
these species, riverine sampling is expensive and produces low detection. Results using
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eDNA have revealed temporally logical, positive detections of Alabama and Gulf sturgeon
throughout theMobile River Basin sites included in this study. Successful detection of these
species could reveal vital information such as understanding of habitat use formanagement
purposes as well as identify specific localities for field sampling. Removal of at least one
passage barrier will benefit both of these imperiled fishes.
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC

BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

With over 85% of species listed as endangered or threatened, sturgeon are considered the world’s most imperiled
vertebrate group (IUCN Red List). All species of sturgeon are migratory, as either potamodromous or as anadromous fishes.
As a result, sturgeon species are negatively affected by passage barriers, such as navigation locks and dams (Boreman, 1997).
Furthermore, reservoirs created as a result of damming are unsuitable habitat, especially for larvae that drift downstream
from suitable, free-flowing river reaches. As long-lived fishes that do not breed annually, sturgeon populations are slow
to recover from years of poor recruitment. Moreover, many species of sturgeon are harvested for caviar, and their lack of
resiliency from harvest, in conjunction with these other factors, has led to many species being on the brink of extinction.

Suspected near extinction for many years, the Alabama Sturgeon (Scaphirhynchus suttkusi) is the rarest and most
endangered species of this imperiled group of fishes (Burke and Ramsey, 1985; Parauka, 2004; Rider and Hartfield, 2007;
Kuhajda et al., 2009). The Alabama Sturgeon is potamodromous, migrating within the river system to breed and forage
and currently found only in the Mobile River Basin of Alabama (USFWS, 2008). Only seven specimens have been collected
since 1997, five by Alabama Division of Wildlife and Freshwater Fisheries (DWFF) biologists and 2 by commercial fishers
(Rider and Hartfield, 2007; Rider et al., 2011). The last specimen was collected from the Alabama River on April 3, 2007
(Rider et al., 2011). Another specimenwas observed below Robert F. Henry Lock and Dam on April 23, 2009; however, DWFF
biologists were unable to net the fish (Rider et al., 2010). Thus, in spite of extremely intensive efforts to collect this species
for broodstock and habitat information, the species is currently undetectable using conventional sampling. Although it is
suspected that Alabama Sturgeon are negatively affected by numerous passage barriers preventing upstream migration to
spawn in the Alabama River system, the species’ range, the inability to collect the species makes conservation decisions
challenging. Information on movement patterns is critical to management recommendations such as dam removal. It is
possible, given their long life spans, that some sturgeon were also trapped upstream of dams and are unable to move
downstream.

The Gulf Sturgeon (Acipenser oxyrinchus desotoi) is an anadromous species that occurs along the northern Gulf of Mexico.
It is federally listed as threatened and state protected in Alabama. This species spawns in freshwater rivers in the spring
and remains through the summer; then migrates to marine and estuarine habitats in the fall and winter to feed (Huff, 1975;
Wooley and Crateau, 1985; Fox et al., 2002). The occurrence of Gulf Sturgeon in the Mobile River Basin has been considered
rare (Boschung and Mayden, 2004). Mettee et al. (2011) sampled for Gulf Sturgeon from 2005 to 2008 and caught only
2 specimens; albeit, both were collected from Mobile Bay. Although recent sampling efforts have not collected any Gulf
Sturgeon, an acoustic array in the basin has detected sonic-tagged Gulf sturgeon from other river systems (Rider et al.,
2013, 2014, 2015, 2016). These results indicate the Mobile River Basin may in fact be an important summer habitat or offer
spawning habitat for Gulf Sturgeon.

An alternative approach for monitoring of rare or elusive species is through the use of environmental DNA (eDNA),
i.e. the extraction and analysis of genetic material obtained directly from environmental samples from sloughing of skin
cells, intestinal cells, scales, and/or mucus. For macro-fauna, this approach was first applied to terrestrial sediment samples
revealing the presence of mammals, birds, and plants (Willerslev et al., 2003). More presently, the same approach has been
used to detect invasive and imperiled freshwater fishes (Ficetola et al., 2008; Jerde et al., 2011; Takahara et al., 2012;
Thomsen et al., 2012b; Janosik and Johnston, 2015; Sigsgaard et al., 2015; Boothroyd et al., 2016).Water samples, rather than
direct species contact, can be used to identifywhich species have recently been present in a local environment. Sampling free
eDNA in water is potentially faster, less expensive, and less destructive than traditional sampling methods. Further, eDNA
allows for species detection without the need to capture individual specimens, avoiding handling stress and/ or mortality,
particularly when the species is rare or elusive (Thomsen et al., 2012a). In order to provide distributional information critical
to management of both of these rare sturgeons, our objective was to use environmental DNA (eDNA) as a detection tool for
these species in the Mobile River Basin (i.e., Alabama, Tombigbee and Cahaba rivers). We sampled during the winter (non
breeding season) of 2014 and spring (spawning season) of 2015 with an aim to better understand the timing of spawning
migrations, temporal and spatial distribution of these species.

2. Methods

A total of 130water samples for eDNA analysiswere collected from sites in theMobile River Basin (Appendix A). Locations
were selected based onknownandhistorically documented occurrences of each species. Sampling sites are as follows (Fig. 1):
Tombigbee River: Coffeeville Lock and Dam, RiverMile 116, RiverMile 110, RiverMile 104, RiverMile 98, RiverMile 92, River
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