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ABSTRACT
Structured aquatic habitats such as coral reefs, mangroves, and shipwrecks often harbor 
higher densities of fish than unstructured habitats, but sampling fish in structured habitats is 
difficult. Structured habitats can snag and damage, or be damaged by, sampling gears and 
provide refugia that obscure fish. Here, the diverse literature on sampling fish in structured 
habitats was reviewed and synthesized, focusing on the strengths and drawbacks of 24 
sampling approaches that were classified as conventional, visual, acoustic, tagging, and novel 
methods. A number of key conclusions emerged from this review. First, no single gear can 
sample all fish species consistently across all structured habitats; optimal sampling gears 
depend on the morphology and behavior of the species, the physical characteristics of the 
habitat, and objectives of the study. Second, combining sampling gears provides a more 
complete picture of fish communities in structured habitats and, in some cases, can account 
for imperfect detection. Third, novel approaches like environmental DNA (eDNA), close-kin 
mark-recapture (CKMR), and autonomous vehicles deserve more research attention because 
they have the potential to revolutionize fish sampling in structured habitats. Improved 
sampling of fish in structured habitats will enhance fisheries management, benefiting the fish, 
their habitats, and those who rely on healthy fish populations.

Introduction

Fish are important to humans for myriad reasons 
including food, recreation, ecotourism, and biodiver-
sity. Long-term sustainability of fish stocks in the face 
of various threats is typically achieved using policy 
and regulations that are based on scientific data col-
lection and population models (Hilborn and Walters 
1992). A critical component of fisheries management 
is inference from scientific surveys that provide abun-
dance, age, and biological information for various fish 
species (Hoshino et  al. 2012; Dennis et  al. 2015). Yet, 
surveying fish across the vast array of aquatic habitats 
is challenging. Fish occur in nearly all aquatic envi-
ronments on Earth, from the arctic to the equator, 
shallow ponds and tidepools to deep oceanic trenches, 
and freshwater to hypersaline seas. In the ocean, some 
fish live near the surface or mid-water column, but 
many species associate with seafloor habitats like sand, 
rock, reefs, or human-created structures (Ilich et  al. 
2021). To persist and thrive in these habitats, fish have 
evolved a remarkable variety of sizes, morphologies, 
and behaviors (Helfman et  al. 2009). Consequently, 

surveys are greatly challenged to sample the enormous 
diversity of fishes in a representative way across these 
highly variable habitat types.

The abundance and diversity of fish are generally 
highest in habitats containing complex structure 
(Luckhurst and Luckhurst 1978; Chabanet et  al. 1997). 
Structured habitats are highly variable and include 
coral reefs, oyster reefs, mangroves, seagrasses, rocks, 
kelp, and artificial structures like shipwrecks, oil rigs, 
or pipelines (Figure 1). Structured habitats, also com-
monly called “untrawlable” habitats, can harbor high 
fish abundance and diversity because they provide 
refuge from predators and typically have more abun-
dant prey than unstructured habitats (Webster and 
Hixon 2000; Stewart and Jones 2001). Although struc-
tured habitats can support high fish abundance and 
diversity, they are also particularly challenging 
to sample.

No sampling gear captures all of the available sizes 
and species of fish in perfect proportion to their avail-
ability, meaning that all sampling gears are selective 
(Dalzell 1996). For instance, gill nets and trawls 
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Figure 1. V arious types of structured aquatic habitats. (A) Tropical coral reef in Half Moon Caye, Belize; credit: Kate Overly. (B) 
Temperate reef at the 210 Rock, North Carolina, USA; credit: John McCord, ECU Coastal Studies Institute. (C) Cold-water coral reef 
at the summit of the Galway coral carbonate mound, Rockall Bank, northeast Atlantic Ocean; credit: J.M. Robert, Changing Oceans 
Expedition, 2012. (D) Red mangroves (Rhizophora mangle) in Biscayne Bay, Florida, USA; credit: Evan K. D’Allesandra, University of 
Miami. (E) Eastern oyster (Crassostrea virginica) reef at West Bluff Oyster Sanctuary in Pamlico Sound, North Carolina, USA; credit: 
NCDMF Oyster Sanctuary Program. (F) Golden kelp (Ecklonia radiata) forest at Seal Rocks, New South Wales, Australia; credit: 
Aaron Eger, Kelp Forest Alliance. (G) Turtle grass (Thalassia testudinum) in Bermuda; credit: Annie Glasspool. (H) Artificial reef in 
coastal North Carolina, USA; credit: Doug Kesling. (I) Shipwreck (“Barge Wreck”) in Long Bay, North Carolina, USA; credit: John 
McCord, ECU Coastal Studies Institute. (J) Oil rig off Louisiana, USA; credit: Gulf Fishery Independent Survey of Habitat and 
Ecosystem Resources. (K) Subsea gas pipeline in Australia; credit: Dr. Dianne McLean, Australian Institute of Marine Science. (L) 
Wind turbine monopile and scour protection at the Coastal Virginia Offshore Wind area; credit: Northeast Fisheries Science Center. 
(M) Coastal pier in Bonaire; credit: Kate Overly.
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capture a wide variety of mobile species but are 
size-selective, while baited traps capture a wider vari-
ety of sizes but are mostly limited to predator or 
scavenging species (Rudstam et  al. 1984; Lucchetti 
et  al. 2021; Bacheler 2024). Ideally, sampling gears 
should sample fish with the same efficiency regardless 
of the habitats being sampled, the biology and behav-
ior of the species of interest, or the goals of the study 
(Blaber et  al. 1985; Willis et  al. 2000). Therefore, 
designing a survey for one or more fish species 
requires careful consideration. There is an increasingly 
large and disparate literature pertaining to sampling 
fish in various types of structured habitats, and a 
synthesis of these studies is sorely needed.

Here, the large body of research focused on sam-
pling fish in structured habitats was reviewed and 
synthesized. This review begins with a description of 
the primary types of structured habitats with which 
fish associate. Next, a broad overview of each sam-
pling method was provided, including their strengths, 
weaknesses, and optimal applications. To facilitate 
commonalities and comparisons among gears, various 
sampling methods were categorized into conventional, 
visual, acoustic, tagging, and novel approaches. To 
conclude, previous work was synthesized and seven 
key take-home messages for sampling fish in struc-
tured habitats were provided given the specific goals 
of the survey and the types of habitats encountered. 
While the focus was on estimating abundance and 
species richness in estuarine and marine systems, the 
themes and key messages of this work are highly 
relevant to structured habitats in freshwater systems 
as well.

Types of structured habitats

Structured aquatic habitats occur in various forms 
around the world, from the equator to the poles and 
from rivers, lakes, and estuaries to the deep sea. Most 
of these are naturally occurring habitats like coral 
reefs, oyster reefs, or mangroves, but important arti-
ficial (human-made) structured habitats are described 
as well. Before reviewing gears that can sample fish 
in structured habitats, it is important to discuss the 
various types of structured habitats with which fish 
associate (Figure 1).

Tropical coral reefs

Tropical coral reefs are formed by colonies of stony 
coral polyps that excrete calcium carbonate as exo-
skeletons, which form highly rugose reefs. Corals exist 

as a thin layer of living organisms covering the accu-
mulation of many previous generations of coral excre-
tions. Tropical coral reefs are mainly found in shallow, 
clear waters throughout tropical and semi-tropical 
environments (Maragos et  al. 1996). Coral reef eco-
systems are well known for their high biodiversity of 
fishes and productivity (Connell 1978), which is due 
to both the complex structural habitat formed by cor-
als and the biodiversity of the corals themselves 
(Komyakova et  al. 2013; Coker et  al. 2014). More than 
a quarter of all fish species on Earth associate with 
coral reefs, making them one of the most biodiverse 
ecosystems on Earth (Allen 2008).

Temperate reefs

Temperate reefs occur poleward from tropical coral 
reefs and are typified by rocky substrates containing 
various types of attached biota including soft corals, 
sponges, bryozoans, and macroalgae (Parsons et  al. 
2016). Temperate reefs are highly productive, biodi-
verse, and seasonal ecosystems (Hughes et  al. 2002), 
but their composition is different than tropical coral 
reefs. While topographically complex (Gres et  al. 
2024), temperate reefs generally lack the immense 
structural complexity of tropical coral reefs (Ebeling 
et  al. 1991). Moreover, temperate reefs tend to occur 
in large, continuous swaths along coastlines, whereas 
tropical coral reefs are patchy and typically associated 
with tropical islands (Ebeling et  al. 1991). Temperate 
reefs have immense ecological value and support many 
biodiverse communities, but they also have substantial 
economic worth via tourism and fishing (Mineur 
et  al. 2015; Bennett et  al. 2016).

Cold-water reefs

Cold-water reefs are found in boreal, arctic, and 
deep-water regions around the world. The simplest 
cold-water reefs are places where bare rock emerges 
from the substrate, but in many locations, cold-water 
corals and sponges attach to these rocky substrates 
(Bryan and Metaxas 2006; Dullo et  al. 2008). 
Cold-water corals are found in all oceans on Earth, 
but are concentrated on continental slopes, seamounts, 
fjords, and submarine canyons (Freiwald et  al. 2004; 
Huvenne et  al. 2011). Cold-water coral habitats are 
similar to tropical coral reefs in that corals create 
rock habitat, increasing habitat complexity and bio-
diversity (Buhl-Mortensen et  al. 2010), but different 
in that they experience very slow growth and very 
long lifespans (Prouty et  al. 2011). Compared to 
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adjacent soft-bottom habitats, cold-water coral reefs 
support much higher biodiversity of fishes (Ross and 
Quattrini 2007).

Mangroves

Mangroves are a group of approximately 80 related 
tree or shrub species that line the shorelines of trop-
ical and subtropical estuaries and coasts. They are 
rare among plants for being salt-tolerate and able to 
withstand various levels of saltwater inundation. Many 
subtropical shorelines are fringed by one or a few 
mangrove species, while tropical mangrove forests can 
consist of many species in a complex zonation pattern 
along shorelines (Hutchings and Saenger 1987). The 
prop roots from mangroves form dense stands that 
provide the dominant nearshore structural habitat for 
many billions of tropical and subtropical fish species 
(Faunce and Serafy 2006; zu Ermgassen et  al. 2025). 
The complex, shallow-water habitat provided by man-
groves is thought to reduce predation and increase 
prey for juvenile fishes (Laegdsgaard and Johnson 
2001), many of which then migrate to coral reefs as 
they age (Mumby et  al. 2004; Nagelkerken 2007).

Invertebrate-dominated substrates

Invertebrate-dominated substrates also provide import-
ant structural habitat for fish (Smaal et  al. 2019). 
Oysters reefs are found in estuaries and along coasts 
of temperate and sub-tropical environments (Beck 
et  al. 2011). Oysters are considered ecosystem engi-
neers because they form rugose reefs by settling and 
growing on the shells of previously deceased or living 
oysters or other hard substrates; these reefs can extend 
vertically off the bottom or grow horizontally from 
shorelines (Luckenbach et  al. 1999). Mussel beds also 
occur in temperate habitats worldwide, forming dense 
mats on hard substrates such as intertidal rocks (Paine 
1994). Other invertebrate-dominated substrates 
important for fish include bryozoan thickets, sponge 
gardens, and tubeworm mounts (Anderson et  al. 
2019). Invertebrate-dominated substrates increase hab-
itat complexity and tend to harbor much higher fish 
species richness than surrounding habitats (Coen et  al. 
1999; Martínez-Baena et  al. 2022).

Macroalgae

There are many species of macroalgae found through-
out temperate and tropical seas that provide important 
structured habitat for fish (Fulton et  al. 2020). Most 

species of macroalgae grow attached to the benthos 
on continental shelves where there is sufficient light 
(Marzinelli et  al. 2015), but there are some species 
that are entirely pelagic (Brooks et  al. 2018). The most 
well-known group of macroalgae is kelp, which pro-
vides immense structural habitat and direct and indi-
rect sources of food for numerous fish species in 
cold-water marine habitats across the globe (Steneck 
et  al. 2002). Macroalgae often support higher species 
richness than surrounding habitats (Anderson and 
Millar 2004; Trebilco et  al. 2015), both because of the 
structural habitat it provides as well as its ability to 
increase secondary production and consumer biomass 
(Duggins et  al. 1989; Salomon et  al. 2008). In addition 
to kelp, there are many lesser known types of mac-
roalgae that provide similarly important habitat for 
fish around the world (Schneider 1976; Fulton 
et  al. 2020).

Submerged aquatic vegetation

Submerged aquatic vegetation consists of flowering 
plants that live in marine benthic environments and 
form large monospecific or mixed-species meadows. 
They are widespread, occurring in lakes, estuaries, 
and shallow seas of all continents except Antarctica 
(Unsworth et  al. 2019). Seagrass meadows are one of 
the most biologically productive biomes on Earth 
(Duarte 2002) and provide structural habitat and food 
for fish and invertebrates (Beck et  al. 2001), in addi-
tion to numerous ecological services such as carbon 
sequestration, shoreline stabilization, and water filtra-
tion (Walter et al. 2020). Submerged aquatic vegetation 
serves as nursery habitat for many fishery species by 
providing abundant food, especially small epibenthic 
crustaceans, and shelter from predators (Pollard 1984; 
Whitfield 2017). Many studies indicate that fish den-
sities are much higher in submerged aquatic vegeta-
tion than surrounding habitats (Hemminga and 
Duarte 2000).

Artificial reefs

Artificial reefs are non-natural material or structures 
that have been deliberately deployed by humans onto 
the seabed to concentrate or enhance populations of 
aquatic organisms (Seaman 2007; Sutton and Bushnell 
2007). The use of artificial reefs began in the 1600s 
in Japan but blossomed worldwide in the mid-twentieth 
century and beyond as a tool to attract fish, increase 
fishing opportunities, enhance fisheries, or restore 
habitat (McGurrin et  al. 1989; Stone et  al. 1991). 
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Today, artificial reefs are widely distributed across 
North America, Europe, Africa, South America, Asia, 
and Australia (Seaman 2002). These artificial reefs are 
highly variable in size and shape and the material 
used can include concrete modules, concrete pipes, 
bridge material, metal ships, or decommissioned 
energy platforms (Paxton, Newton, et  al. 2020; Paxton, 
Shertzer, et  al. 2020; Paxton, McGonigle, et  al. 2024; 
Paxton, Steward, et  al. 2024). In general, artificial 
reefs often support similar patterns of fish abundance, 
biomass, richness, and diversity as natural reefs 
(Paxton, Newton, et  al. 2020; Paxton, Shertzer, 
et  al. 2020).

Shipwrecks
Ships can become benthic fish habitat when they are 
intentionally sunk to create artificial reefs or through 
unintentional sinking due to storms, wars, collisions, 
or capsizing. There are approximately three million 
shipwrecks around the world (UNESCO 2017), which 
range in size from small canoes or rafts to large 
freighters or ocean-going ships that create extensive 
horizontal and vertical structure (Paxton, McGonigle, 
et  al. 2024; Paxton, Steward, et  al. 2024). Shipwrecks 
can strongly attract marine organisms, especially in 
areas with soft sediment lacking structure, and 
increase fishery production (Layman et  al. 2016, 2020; 
Paxton et al. 2021). Various functional groups of fishes 
can occupy areas above, near, or inside shipwrecks, 
including baitfish, pelagic predators, and many types 
of demersal fishes (Paxton et al. 2019; Paxton, Newton, 
et  al. 2020; Paxton, Shertzer, et  al. 2020).

Oil and gas rigs
Humans have been extracting fossil fuels from off-
shore oil and gas fields since the 1940s, and today, 
over 7500 offshore oil and gas production platforms 
are spread across the world’s oceans (Parente et  al. 
2006; Andaloro et  al. 2013). These oil and gas rigs 
(hereafter, “rigs”) are typically steel structures extend-
ing from pilings driven into the seafloor to a super-
structure at the surface consisting of pumps, 
production equipment, and living quarters (Dugas 
et  al. 1979; Lewis and Mavraki 2024). Rigs provide 
immense vertical structure that is used by fish in 
specific ways (Torquato et  al. 2017). Not only do func-
tioning rigs provide fish habitat, but after decommis-
sioning, rigs can remain in the ocean to continue to 
provide fish habitat at substantial cost savings to oil 
and gas companies (i.e. “Rigs-to-reefs” program; 
Macreadie et  al. 2011; Meyer-Gutbrod et  al. 2020). 
Not surprisingly, the density of many fish species is 

much higher in the immediate vicinity of rigs com-
pared to the surrounding habitats (e.g. Løkkeborg 
et  al. 2002; Soldal et  al. 2002).

Pipelines and cables
There are hundreds of thousands of kilometers of 
pipelines and cables laid on the seafloor to transport 
oil or gas from extraction rigs to end users and mar-
kets, discharge wastewater offshore, or transmit signals 
(Allen et  al. 1976; Bond et  al. 2018). Pipelines and 
cables vary in diameter and their position in relation 
to the seafloor, with some being mostly or completely 
buried, others resting on the seafloor, and some where 
sections of pipe or cables are above the seafloor, cre-
ating a span (Love and York 2005; McLean et  al. 
2017). Fish densities around pipelines and cables are 
typically much higher than surrounding habitats 
(McLean et  al. 2021; Schramm et  al. 2021), especially 
in areas lacking other structured habitat or when pipe-
lines and cables were undercut (Love and York 2005; 
McLean et  al. 2017).

Wind turbines
In recent years, there has been an increase in renew-
able energy sources that do not rely on fossil fuels 
(Krupp and Horn 2008; Boehlert and Gill 2010). The 
primary large-scale renewable energy source in the 
marine realm is wind power, where wind turbines are 
sited in clusters called “offshore wind farms” (Degraer 
et  al. 2020). The benefits of placing wind farms off-
shore instead of on land include stronger wind speeds, 
less competition for space, and reduced visual distur-
bance (Taylor 2004). Wind turbine foundations are 
commonly constructed of a single cylindrical mono-
pile, but the soft sediments around monopile foun-
dations can be scoured via water movement, 
compromising their stability (Sumer and Fredsøe 
2002). Therefore, scour protection is often deployed 
up to 40 m around each monopile, which typically 
consists of gravel and rock (Whitehouse et  al. 2011). 
Many fish species are attracted to the vertical struc-
ture provided by the wind turbine, the rocky scour 
protection surrounding the foundation, or both 
(Reubens et  al. 2013; van Hal et  al. 2017; Bicknell 
et  al. 2025).

Coastal development
Humans have modified coastal aquatic environments 
in myriad ways that have degraded some fish habitats 
(Munsch et  al. 2017). In some cases, however, the 
introduction of structurally complex artificial habitat 
(e.g. docks, jetties, ports, marinas) can have positive 
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benefits for invertebrate and fish species richness 
(Dafforn et  al. 2015). As with other structurally com-
plex habitats, various types of coastal development 
can attract fish if it provides food and reduced pre-
dation, and is especially sought after by fish when 
located in areas lacking natural, structurally complex 
habitats.

Methodological approaches

Numerous gears can sample fish in structured habitats, 
but each have strengths and weaknesses and may be 
better suited for sampling some habitats over others. 
Here, the most commonly used fish sampling gears 
are reviewed below, organized in five broad categories: 
conventional, visual, acoustic, tagging, and novel 
approaches.

Conventional approaches

Conventional sampling gears are named as such 
because they are the primary gears used by the fishing 
industry and include lines, nets, or traps to capture 
fish (Figure 2). Conventional sampling gears have a 
long history of being used in various aquatic habitats, 
but their efficacy can be limited in structured habitats 
for various reasons. The biggest strength of using 

conventional gears to sample fish is that fish are cap-
tured, so biological samples are available or fish can 
be tagged and released. Conventional gears are also 
the most conducive to working with the fishing indus-
try. There are also downsides of using conventional 
gears to sample fish in structured habitats (Table 1), 
however, as described below.

Trawl
Trawling involves towing a conical net behind a vessel, 
along the seafloor or in the water column (Gunderson 
1993). Trawling can occur in the water column off 
the bottom (“mid-water trawling”) to primarily target 
pelagic species or along the bottom to target demersal 
species. Bottom trawling is a commonly used sampling 
gear in soft-bottom habitats, and is particularly effec-
tive for catching small, sedentary fish species (Wells 
et  al. 2008). Fish densities can be estimated as 
catch-per-unit-area swept by the bottom trawl, assum-
ing perfect catchability (Kimura and Somerton 2006). 
There are two major drawbacks of using bottom trawls 
to sample structured habitats, however. First, bottom 
trawls get hung on or damaged by most structured 
habitats, creating problems with standardization (Link 
and Demarest 2003). Second, when used in structured 
habitats like low-relief reefs, bottom trawls can sig-
nificantly damage seafloor habitats (Kaiser et  al. 2002; 

Figure 2. E xamples of conventional sampling gears. (A) Using cameras to quantify catchability of scampi (Metanephrops chal-
lengeri) in trawls on the Chatham Rise, New Zealand; credit: Cawthron Institute, New Zealand. (B) Sampling reef fishes using 
repeated timed drop hook-and-line fishing, Florida, USA; credit: FLFWC-FWRI. (C) Retrieving vertical longline in the Alabama 
Artificial Reef Permit Zone, Alabama, USA; credit: University of South Alabama Fisheries Ecology Laboratory. (D) Blue cod (Parapercis 
colias) in a fish trap in Marlborough Sounds, New Zealand; credit: National Institute of Water and Atmospheric Research (NIWA). 
(E) Retrieving a gill net in the Pasquotank River, North Carolina, USA; credit: John McCord, ECU Coastal Studies Institute. (F) Seining 
fish and shrimp in Stumpy Point Bay, North Carolina, USA; credit: John McCord, ECU Coastal Studies Institute.
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Heifetz et  al. 2009). The only structured habitat where 
bottom trawls could be potentially considered for use 
is seagrass meadows (Cappo et  al. 2004; French et  al. 
2021), but caution is advised because the extent of 
seagrass damage inflicted by trawls is unclear (Meyer 
et  al. 1999).

Hook-and-line
Hook-and-line refers to the use of one or more baited 
hooks attached by vertical line to a rod at the surface. 
Hook-and-line can be used to target a wide variety 
of species and sizes of fish depending on the sampling 
location and gear used, but it generally selects for 
larger-bodied predatory and scavenging species (Alós 
et  al. 2008; Parker et  al. 2016). When deployed con-
currently, catch rates from hook-and-line surveys can 
track those from baited and unbaited video (Cullen 
and Stevens 2020; Willis et  al. 2000) and underwater 
visual census (UVC) (Starr et  al. 2010; Karnauskas 
and Babcock 2012). Hook-and-line has been used to 
successfully survey fish in a variety of structured hab-
itats around the world (Rudershausen et  al. 2008; 
Harms et  al. 2010). There are significant drawbacks 
to hook-and-line sampling, however, including 
multi-species interactions, angler ability level, and 
hyperstability that can uncouple catch rates from 
abundance (Lennox et  al. 2017; Kuriyama et  al. 2019; 
Henderson et  al. 2022). Hook-and-line sampling also 
strongly selects for a much narrower range of species 
and sizes than most other sampling gears (Parker 
et  al. 2016). Hook-and-line surveys are best suited to 
sampling aggressive predatory or scavenging species 

at low population abundance, where catch rates are 
more likely to track abundance (Kuriyama et  al. 2019).

Longlines
Longlines consist of a horizontal or vertical mainline 
to which multiple branch-lines are attached, each with 
a single baited hook. Longlines can be pelagic or 
demersal, and the main difference between longline 
and hook-and-line sampling is that longlines are unat-
tended for some time before retrieval. While there 
are some examples where fish in structured habitats 
have been surveyed with bottom longlines (e.g. Olavo 
et  al. 2011; Mitchell et  al. 2014), their use in these 
habitats is limited because they can damage benthic 
habitat and get snagged (Sampaio et  al. 2012). Instead, 
fish in structured habitats are more commonly sam-
pled with vertical longlines that reduce habitat damage 
and entanglements with structure (Campbell et  al. 
2014; Plumlee et  al. 2020). Most of the other short-
comings of hook-and-line sampling also apply to ver-
tical and bottom longlines, namely hyperstability and 
multi-species competition for hooks (Ricker 1975; 
Godø et  al. 1997; Rodgveller et  al. 2008). It may be 
possible to ameliorate some of the gear saturation and 
interspecific competition effects of longlines using 
hook timers, which provides time-to-capture data for 
each hook (Somerton et  al. 1988). Vertical longlines 
are superior to bottom longlines for sampling struc-
tured habitats, but, like hook-and-line, they tend to 
mostly catch a narrow range of aggressive predatory 
and scavenging species and best track abundance 
when abundance is low (Somerton and Kikkawa 1995).

Table 1. S trengths and weaknesses of conventional gears for sampling fish in structured habitats.

Gear Strengths Weaknesses
Useful in which 

structured habitats?

Trawl Can estimate fish density; can efficiently capture 
small fish in unstructured habitats; biological 
samples available; effective regardless of 
water clarity

Cannot be used in most structured habitats; damages 
bottom habitat; fish rarely survive the capture 
process; bycatch often high

Seagrass

Hook-and-line Can be used in most structured habitats; catch 
can track abundance at low population size; 
biological samples available; effective 
regardless of water clarity

Catch rates affected by catches of other species and 
angler ability; catches can be hyperstable; selects for 
predatory and scavenging species; size-selective; hook 
damage

All structured habitats

Longline Can track abundance at low population size, 
especially when using hook timers; biological 
samples available; effective regardless of 
water clarity

Can get hung on or damage structured habitats; 
hyperstable catches; multi-species competition for 
hooks; size- and species-selective; hook damage

Low-relief reefs; seagrass

Trap Flexible design can be tailored to particular 
habitats and species; biological samples 
available; effective regardless of water clarity; 
fish often survive the capture process

Multi-species interactions in and around traps; saturation 
possible; selects for predatory and scavenging species; 
catch influenced by environmental conditions and 
habitat; can get hung in vertical structure; can 
continue ghost fishing if lost

All structured habitats, 
but traps can get 
hung on high relief 
or structurally 
complex habitats

Gill net Mesh size can be chosen to target specific fish 
sizes; biological samples available; effective 
regardless of water clarity

Strongly size-selective; bycatch of protected species can 
be high; can get hung on structured habitats; 
continues ghost fishing if gear lost; selects for mobile 
species; fish can be injured or die from capture

Seagrass; low-relief reefs

Seine Fish are captured alive; biological samples 
available; effective regardless of water clarity

Selects for small fish; gets hung in most structured 
habitats

Seagrass



8 N. M. BACHELER

Traps
Fish traps are enclosed, three-dimensional, mesh con-
tainers of various shapes and sizes with one or more 
entrances that, in theory, make fish entry easy but 
escape difficult (Bacheler 2024). Fish traps are com-
monly baited and attached to a surface buoy with a 
line, but sometimes they are attached to multiple other 
traps along a mainline rope (Stevens 2021). Traps 
have a long history of being used to sample fish in 
reef habitats (Munro 1974; Munro et  al. 1971), but 
have been used in most other structured habitats as 
well (Bacheler 2024). Trap catch has been used to 
reliably estimate relative abundance in some situations 
and there are many characteristics (e.g. low cost, flex-
ible design, and ability to sample many habitats) that 
make them a desirable sampling gear (Shertzer et  al. 
2016; Bacheler and Ballenger 2018). Traps also have 
downsides including being selective for relatively few 
predatory and scavenging species and variable catches 
due to environmental conditions, habitat effects, 
predator-prey interactions, competition, conspecific 
attraction, or trap saturation (Robichaud et  al. 2000; 
Stoner 2004). Traps are suited to sampling small to 
medium-sized predatory and scavenging fish species 
in structured habitats that are difficult to sample with 
other gears due to poor visibility, high-relief structure, 
or concerns over damaging sensitive habitats 
(Bacheler 2024).

Gill nets
Gill nets are rectangular walls of netting oriented 
vertically, with weights along the bottom line and 
floats attached to the top line, that enmesh or tangle 
fish in one or more meshes (Potter and Pawson 1991). 
Gill nets with a single mesh size are strongly 
size-selective – small fish can pass through the mesh 
and large fish tend to not get tangled easily (Hamley 
1975; Lucchetti et  al. 2020). Gill net selectivity is 
driven in part by encounter rates, so species with 
high movement rates tend to be selected over highly 
site-attached species (Rudstam et  al. 1984). But, 
because they are not strongly species-selective, gill 
nets are plagued by the accidental catch of various 
sensitive or protected species (Murray 2009; Žydelis 
et  al. 2009; Reeves et  al. 2013). Gill nets can also 
damage sensitive habitats (Dias et  al. 2020) or get 
snagged on structured habitats and lost, in which case 
they can continue catching and killing marine organ-
isms via ghost fishing (Erzini et  al. 1997; Matsuoka 
et  al. 2005). Gill nets are a useful tool for sampling 
fish in structured habitats when a narrow size range 
of fish is targeted, the risk of losing nets is low, and 

sensitive bycatch species are rare or absent (Løkkeborg 
et  al. 2002; van Hal et  al. 2017).

Seines
A seine is a fine-mesh net that hangs vertically in 
the water, with weights on the bottom line and floats 
on the top line, that is used to surround and capture 
fish in the water column. There are three main types 
of seines. Beach seines are typically deployed from 
shore in shallow water, purse seines have bottom lines 
that can be drawn tight and are deployed by boats 
or ships, and Danish seines have weighted lines and 
a trawl-like net that is deployed in a circle and 
retrieved by boat (Pravin and Meenakumari 2016; 
Vieira et  al. 2020). In unstructured habitats, seining 
can often effectively catch a wide range of sizes and 
species of fish (Boardman et  al. 2023), but, especially 
for purse seiners, catch rates may not reflect actual 
abundance due to technological improvements in find-
ing fish schools (Fonteneau et  al. 1999). Seining is 
often used in seagrass habitats but cannot sample in 
most other structured habitats without significant gear 
modifications (Boardman et  al. 2023). Seagrass is 
likely the only structured aquatic habitat that can be 
sampled efficiently by seining (Jennings et  al. 2009).

Visual approaches

Visual gears include divers and video and are the 
most common sampling approaches for fishes in 
structurally complex habitats when the water is rela-
tively clear (Figure 3). Visual gears have numerous 
advantages over conventional sampling gears including 
that they are relatively nondestructive, conceptually 
simple, widely applicable, and fish behavior and hab-
itat can also be quantified (Murphy and Jenkins 2010). 
The drawbacks of visual gears are that water clarity 
has to be relatively good, deep deployments may 
require artificial lights that can influence fish behavior, 
conspicuous fish are detected more easily than small, 
cryptic, or burrowing species, and biological samples 
are typically not available (Table 2; Ackerman and 
Bellwood 2000; Brock 1982).

Underwater visual census
UVC is when divers or snorkelers count fish visually 
over a given amount of area or time (Brock 1954). 
UVC has been the primary sampling approach for 
reef fishes in highly rugose habitats because numerous 
species can be counted in a nondestructive manner 
and fish density can be estimated if the survey area 
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is measured (Murphy and Jenkins 2010). The most 
common UVC approaches are transect surveys, roving 
or timed surveys, and point count surveys (Bortone 

et  al. 1989; Samoilys and Carlos 2000; Beck et  al. 
2014). UVC can provide a rapid assessment of fish 
abundance, community structure, and fish lengths 

Figure 3. E xamples of visual sampling gears. (A) Underwater visual census survey by divers in Guam; credit: Steve Lindfield. (B) 
Baited remote underwater video survey in Guam; credit: Steve Lindfield. (C) Camera-Based Assessment Survey System (C-BASS), an 
example of a towed video system, on the West Florida Shelf, Florida, USA; credit: Chad Lembke, University of South Florida, and 
Matthew Campbell, NOAA-Fisheries. (D) Using a remotely operated vehicle (ROV) to monitor fish at an artificial reef site in Florida, 
USA; credit: David Doubilet. (E) Submersible used to count and measure fish (with lasers) near the Channel Islands, California, USA; 
Tom Laidig, NOAA-Fisheries.

Table 2. S trengths and weaknesses of visual gears for sampling fish in structured habitats.

Gear Strengths Weaknesses
Useful in which 

structured habitats?

Underwater visual 
census

Nondestructive; fish behavior and habitat can 
be quantified; fish density can be 
calculated; fish lengths can be estimated 
visually; can be used to sample high-relief 
habitats

Relatively shallow water only; experienced, trained 
divers required; fish can be wary of divers; 
measuring fish lengths and survey area is 
challenging; requires good water clarity; no 
biological samples available; conspicuous fish 
detected better than small, cryptic species

All structured habitats 
that occur in clear, 
shallow, and safe 
water

Remote stationary 
video

Nondestructive; fish behavior and habitat can 
be quantified; high replication possible; 
useful in all water depths or when 
conditions are unsafe for divers; can be 
baited or unbaited; stereo-video useful for 
measuring fish lengths

Substantial video reading time required by trained 
readers; requires good water clarity; no biological 
samples available; lights required in deep water; 
when baited, selects for predatory and scavenging 
species

All structured habitats 
with sufficient water 
clarity

Towed divers or 
video

Nondestructive; habitat can be quantified; 
can survey broad areas rapidly and 
efficiently; fish lengths can be estimated 
visually or using stereo-video

Requires good water clarity; no biological samples 
available; highly selective toward conspicuous fish 
species; can influence fish behavior; can get hung 
or lost in high-relief habitats; divers limited to 
shallow depths; species identification can be 
difficult; experienced divers or video readers 
required

Low-relief habitats in 
relatively clear, 
shallow water

Remotely 
operated 
vehicle

Nondestructive; habitat and fish behavior can 
be quantified; fish density can be 
estimated; stereo-video can be used to 
measure fish lengths; can be used to 
sample high-relief habitats

Requires good water clarity; no biological samples 
available; site-attached conspicuous fish detected 
better than small, cryptic, or highly mobile species; 
can influence fish behavior due to vehicle 
movement and sound

All structured habitats 
with sufficient water 
clarity

Submersible Nondestructive; habitat and fish behavior can 
be quantified; fish density can be 
estimated; stereo-video can be used to 
measure fish lengths; can be used to 
sample high-relief habitats

Requires good water clarity; no biological samples 
available; site-attached conspicuous fish detected 
better than small, cryptic, or highly mobile species; 
can influence fish behavior due to vehicle 
movement and sound

All structured habitats 
with sufficient water 
clarity
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(Harvey et  al. 2001). The drawbacks of UVC are that 
the approach can only be used in relatively clear, safe, 
and shallow waters (Hagen and Baxter 2005), the 
approach requires highly experienced and trained div-
ers (Thompson and Mapstone 1997), many fish can 
avoid detection (Brock 1982; Willis 2001; Bozec et  al. 
2011), fish can flee from divers (Willis et  al. 2000; 
Emslie et  al. 2018), and divers have difficulty mea-
suring the sampling area and lengths of fish accurately 
underwater (Harvey et  al. 2001, 2004; Edgar et  al. 
2004). UVC can be used to survey fish in nearly all 
structured habitats as long as water is clear, shallow, 
and safe, divers are well trained, and rebreathers are 
used to minimize disruption.

Remote stationary video
Counting fish using remotely deployed, stationary 
video cameras has become a common approach to 
monitor species in structured habitats (Mallet and 
Pelletier 2014). There are numerous remote stationary 
video approaches including baited remote underwater 
video systems, cameras with 360° views, rotating cam-
eras, and long-term cabled observatories (Aguzzi et  al. 
2013; Mallet et  al. 2014; Whitmarsh et  al. 2017; 
Hemery et  al. 2022; Matthews et  al. 2024). Remote 
video provides a permanent record of fish observa-
tions, can be deployed quickly to achieve high repli-
cation, and provides an alternative to UVC when 
conditions are unsafe such as in deep water or near 
dangerous animals (Murphy and Jenkins 2010; Piggott 
et  al. 2020). Stereo-video systems can be used to mea-
sure lengths of fish (Harvey and Shortis 1998; Harvey 
et  al. 2012). Video arrays can be baited to increase 
counts of predatory or scavenging species, or unbaited 
to facilitate a more accurate comparison of counts 
across species (Harvey et  al. 2007; Bernard and Götz 
2012; Hannah and Blume 2014). There are various 
methods for counting fish on video, including MaxN, 
MeanCount, and time-at-first-arrival (Ellis and 
DeMartini 1995; Priede and Merrett 1996; Schobernd 
et  al. 2014). The downsides of remote stationary video 
are that water must be relatively clear, fish density 
cannot be easily estimated because the effective sam-
pling area of baited video is generally unknown, and 
video reading is time-consuming and requires exten-
sive training, although automated video reading 
approaches may eventually alleviate this drawback 
(Murphy and Jenkins 2010; Mallet and Pelletier 2014). 
Moreover, video detection of fish is variable (Bacheler 
et  al. 2025) and can be low for small, cryptic species 
(Watson et  al. 2005; Bacheler et  al. 2017). Remote 
video is ideally suited to sampling fish in structured 

habitats where water is relatively clear, predatory and 
scavenging species are of primary importance, high 
replication is required, and experts are available to 
read videos.

Towed divers or video
Fish can also be surveyed by towing observers or 
video cameras behind a vessel moving at a constant 
speed. Manta tows involve pulling a diver behind a 
vessel via rope while they hold a manta board to 
control their depth; this technique is suited to quickly 
surveying conspicuous organisms (Endean and 
Stablum 1973; Richards et  al. 2011). Identifying most 
species of fish while being towed can be difficult and 
observers generally have to hold onto manta boards 
with two hands, making data recording challenging 
(Zimmerman and Burton 1994). In recent years, 
manta tows have been largely replaced by towed ben-
thic video sleds or platforms that hover above the 
seafloor because they are safer and can be deployed 
for much longer periods of time and in deeper water 
(Jones et  al. 2009). Towed video can be highly effi-
cient, sampling up to tens of kilometers per day 
(Lembke et  al. 2017). Towed video also provides spa-
tially distinct observations of fish along transects, 
improving our understanding of species-habitat rela-
tionships (Galaiduk et  al. 2017). The downsides of 
towed video are that fish show a wide variety of pos-
itive and negative reactions to moving divers or plat-
forms (Stoner et  al. 2008; Campbell et  al. 2021), 
systems can be difficult to operate in structurally 
complex habitats (Rooper 2008), and identifying many 
fish species can be difficult or impossible (Logan et  al. 
2017). Towed video is ideal for surveying conspicuous 
fish species occurring in low-relief habitats (e.g. pipe-
lines, cables, and low-relief reefs) where substantial 
sampling effort is needed (Stoner et al. 2008; Campbell 
et  al. 2021).

Remotely operated vehicles
Remotely operated vehicles (ROVs) are unoccupied, 
maneuverable vehicles that are operated by a person 
in a surface vessel, to which the ROV is connected 
via a tether (Macreadie et  al. 2018). Most often, the 
ROV is outfitted with video cameras and flies above 
the seafloor to count fish over some estimated transect 
area, thus allowing fish density to be estimated (Sward 
et  al. 2019). ROVs are widely used to survey fish in 
marine structured habitats and have similar strengths 
and drawbacks as other visual gears (i.e. they mostly 
detect conspicuous fish, water clarity must be good), 
but there are some important differences (Schramm 
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et  al. 2020). First, an ROV is more amenable to sam-
pling high-relief vertical structures like oil and gas 
platforms and shipwrecks than towed video (Andaloro 
et  al. 2013; Ajemian et  al. 2015; Love et  al. 2020). 
Second, an ROV can fly closer to the substrate than 
towed video, improving fish identification. Third, over 
a given amount of time, an ROV typically samples 
more area than UVC and remote video but less than 
towed video (Lembke et  al. 2017). Research is also 
mixed about which visual gears detect the most fish 
species, likely due to differences in the fish commu-
nities being sampled and the vagarities of the various 
sampling approaches (Andaloro et  al. 2013; Raoult 
et  al. 2020; Bond et  al. 2022). Like towed video and 
UVC, the primary drawback of ROV sampling is the 
variable reactions of fish to sampling gears that move 
and emit noise (Laidig et  al. 2013; Campbell et  al. 
2021; Hellmrich et  al. 2023). ROVs can be a useful 
gear to count conspicuous, site-attached fish across a 
wide array of structured habitats (Bond et  al. 2022), 
but fish behavior around the ROV must be under-
stood to estimate abundance reliably (Stoner et  al. 
2008; Campbell et  al. 2021).

Submersible
Submersibles are crewed underwater vehicles that can 
be used to survey fish without being connected to, 
or controlled from, surface vessels (Wynn et  al. 2014). 
Submersibles are typically controlled by crew inside 

the vehicle itself, and cameras or acoustics can be 
used to count fish and quantify habitat (Schobernd 
and Sedberry 2009; Robertson et  al. 2022; Echave 
et  al. 2023). The strengths and weaknesses of sub-
mersibles as a fish survey tool are very similar to 
those of an ROV above – they can sample in deep 
water and fish densities can be estimated, but fish 
may react to the movement, sound, and lights of sub-
mersibles, conspicuous species are detected more than 
cryptic species, and water clarity must be good (Stoner 
et  al. 2008; Campbell et  al. 2021). Submersibles are 
much more expensive than a typical ROV; however, 
some evidence suggests that fish react less strongly 
to submersibles than to an ROV and submersibles 
can typically sample in deeper water (Laidig et  al. 
2013; Wynn et  al. 2014). If fish behavior around sub-
mersibles can be understood, they can be a flexible 
approach to count conspicuous, site-attached fish in 
various structured aquatic habitats (Jones et  al. 2020; 
Robertson et  al. 2022).

Acoustic approaches

Hydroacoustics uses sound to detect aquatic organisms 
and understand their environment, and encapsulates 
the broad fields of active and passive acoustics (Figure 
4; Webb et  al. 2008). Active acoustics involves gen-
erating and emitting sound waves into water; the 
timing and strength of the reflected acoustic returns 

Figure 4. E xamples of acoustic sampling gears. (A) Split-beam sonar echogram of a fish school around the top of a decommis-
sioned oil and gas platform at the Flower Gardens National Marine Sanctuary, Texas, USA; credit: NOAA-NCCOS Seascape Ecology 
and Analytics. (B) Multibeam sonar echogram showing fish in the water column and seafloor bathymetry at a shipwreck (ex-USS 
Schurz) in North Carolina, USA; credit: NOAA-NCCOS Seascape Ecology and Analytics. (C) Acoustic camera image of fish at the Deep 
Bay Oyster Sanctuary in Pamlico Sound, North Carolina, USA; credit: Jim Morley, East Carolina University (Grimes et  al. 2024). (D) 
Fish detected by side-scan sonar around a toppled oil rig off southern Texas, USA; credit: Mike Bollinger and Rick Kline, UTRGV. (E) 
Passive acoustic hydrophone deployment in Western Dry Rocks, Florida Keys National Marine Sanctuary, Florida, USA; credit: Ben 
Edmonds, NOAA.
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are used to detect and count objects in the water 
column and determine the depth and composition of 
the seafloor (Misund 1997; Horne 2000). Active acous-
tic approaches have numerous strengths including 
being noninvasive, unaffected by water clarity, ambient 
light, and current, and able to sample efficiently over 
large areas (Martignac et  al. 2015). The downsides 
are that active acoustics requires substantial 
ground-truthing to identify the species and sizes of 
fish detected (unless that information is not necessary 
for the specific objectives of the study), can be limited 
in noisy environments, very shallow water, or near 
the seafloor, must be calibrated for the water body 
being sampled, and fish can change their behavior in 
the presence of vessels (Table 3; Misund 1997; De 
Robertis et  al. 2019). Passive acoustics uses sensors 
to noninvasively detect sounds emitted by organisms 
into the water, which can be used to monitor 
sound-producing organisms over space and time 
(Gannon 2008; Luczkovich et  al. 2008).

Split-beam sonar
Split-beam sonar is a type of single-beam sonar that 
uses a transducer to emit single beams of sound into 
the water, with sound waves forming an overlapping 
“×” shape that can be used to identify the exact posi-
tion of fish in the water column (Balk and Lindem 
2000). The depth of objects is calculated based on 
the time it takes for a sound wave to travel to the 
object and back, and the strength of the returning 

sound is related to the size and composition of the 
object. Split-beam sonars typically operate between 18 
and 200 kHz, with lower frequencies being more useful 
in deep water and higher frequencies providing greater 
resolution (Misund 1997). Split-beam sonar is often 
conducted from vessels driving transects (Kimura and 
Somerton 2006; Becker et  al. 2023), but transducers 
can also be placed in fixed locations (Stanley and 
Wilson 1997; Boswell, Miller, et  al. 2007; Boswell, 
Wilson, et  al. 2007). Split-beam sonar is well-suited 
to counting fish in the water column, but there are 
some challenges. First, substantial ground-truthing is 
required to identify species so that acoustic signals 
can be partitioned (McClatchie et  al. 2000), although 
multi-frequency and broadband sonar have recently 
been used to begin to discriminate species (Campanella 
and Taylor 2016; Boswell et  al. 2020; Gugele et  al. 
2021). Second, it is impossible at present to distin-
guish fish near the seafloor (“acoustic dead zone;” 
Ona and Mitson 1996) without the use of compre-
hensive, depth-specific ground-truthing data (Jones 
et  al. 2012; Rasmuson et  al. 2022). Split-beam sonar 
is well suited to surveying fish in places with low 
species richness, especially if those species are differ-
ent sizes or shapes, occupy different places in the 
water column, are not strongly associated with the 
seafloor, and are amenable to ground-truthing using 
other sampling gears (Boswell, Miller, et  al. 2007; 
Boswell, Wilson, et  al. 2007; Gurshin et  al. 2013; 
Domokos 2021).

Table 3. S trengths and weaknesses of acoustic gears for sampling fish in structured habitats.

Gear Strengths Weaknesses
Amenable to which 
structured habitats?

Split-beam 
sonar

Unaffected by water clarity; can survey large 
areas efficiently; fish position in water 
column, schooling behavior, and benthic 
habitat can be determined; nondestructive

Substantial ground-truthing needed to identify fish to 
species; noisy environments can cause interference; 
cannot be used in very shallow water or very deep 
water; fish cannot be detected in the “acoustic dead 
zone” near the seafloor; most useful in areas with low 
species richness

All structured habitats 
where fish species 
richness is low and fish 
are not closely 
associated with 
structure

Multibeam 
sonar

Unaffected by water clarity; can survey large 
areas extremely efficiently; fish position in 
water column, schooling behavior, and 
benthic habitat can be determined; ideal 
for mapping benthic habitat; 
nondestructive

Substantial ground-truthing needed to identify fish to 
species; noisy environments can cause interference; 
cannot be used in very shallow water or very deep 
water; fish cannot be detected in the “acoustic dead 
zone” near the seafloor; most useful in areas with low 
species richness; lower object resolution than 
split-beam sonar; calibration difficult

All structured habitats 
where fish species 
richness is low and fish 
are not closely 
associated with 
structure

Side-scan 
sonar

Unaffected by water clarity; can survey large 
areas efficiently; good for mapping 
benthic habitat features; cheaper than 
multibeam sonar; nondestructive

Not as useful as split-beam sonar for detecting fish 
around structured habitats; substantial ground-truthing 
needed to identify fish to species; noisy environments 
can cause interference; lower object resolution than 
split-beam sonar; calibration very difficult

All, but more useful 
mapping habitat than 
detecting fish

Acoustic 
camera

Unaffected by water clarity or light levels; 
provides near photographic-like images of 
fish; nondestructive

Small sampling volume; fish can be difficult to identify to 
species; fish can be obscured by other fish

Structured habitats in 
turbid water, e.g. rivers, 
estuaries

Passive 
acoustics

Unaffected by water clarity or light levels; 
hydrophones can monitor sounds over 
large areas and periods of time; 
nondestructive

Only some fish are soniferous; sound-truthing required; 
interference from background noise; data analysis 
often requires automated methods; abundance may 
not be proportional to sound production

All structured habitats
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Multibeam sonar
Multibeam sonar uses an array of transducers to emit 
a fan-shaped sonar beam under a ship that greatly 
expands the sampling volume compared to split-beam 
sonar (Gerlotto et  al. 1999). The primary use of mul-
tibeam sonar has been to map the seafloor, and two 
types of data are typically available from these sys-
tems: bathymetry (i.e. depth), which is computed from 
the time it takes sound to reflect off an object and 
return to the transducer, and backscatter, which is a 
measure of the intensity of the sound echo (Brown 
and Blondel 2009; Pirtle et  al. 2015). Multibeam sonar 
has been used to quantify fish aggregation dynamics 
(Holmin et  al. 2012), swimming speeds (Misund and 
Aglen 1992), predator-prey interactions (Benoit‐Bird 
et  al. 2004), and, in some cases, fish biomass (Gerlotto 
et  al. 1999; Feng et  al. 2023). The strengths and weak-
nesses of multibeam sonar are similar to split-beam 
sonar, including challenges with species identification, 
detecting fish in the acoustic dead zone near the sea-
floor, and high cost (Trenkel et  al. 2008). Multibeam 
sonar can sample a much wider swath than split-beam 
sonar, being especially useful for behavioral studies 
of individuals or schools naturally or in reaction to 
vessels, but with increased width comes lower object 
resolution (Trenkel et  al. 2008). Multibeam sonar is 
best suited to quantifying aggregation and schooling 
dynamics of pelagic fishes, particularly when com-
bined with split-beam sonar (Korneliussen et  al. 2009; 
Taylor and Ebert 2012), but is not ideal on its own 
for counting benthic fishes closely associated with the 
seafloor or structured habitats.

Side-scan sonar
Side-scan sonar uses transducers to emit a wide-angle 
acoustic signal, and the intensity of the returned sig-
nal is used to generate an acoustic image of the sea-
bed and organisms in the water column (Kenny et  al. 
2003; Ridgway et  al. 2024). Side-scan sonar units are 
typically towed behind a vessel or outfitted on under-
water vehicles, ideally moving at a constant height 
above the seafloor as acoustic signals are emitted out-
ward from, and then received by, a transducer array. 
Low frequencies (50–100 kHz) are have a greater sam-
pling volume but lower resolution than high frequen-
cies (Kenny et  al. 2003). Like multibeam sonar, 
side-scan sonar is primarily used to characterize sea-
floor habitats, but there are some examples where 
side-scan sonar has been used to estimate the abun-
dance of fish around artificial reefs (Bollinger and 
Kline 2017) or describe fish aggregations around coral 
reefs (Rivera et  al. 2006). Side-scan sonar units are 

generally cheaper than multibeam sonar units for 
mapping the seafloor and can be used to count fish 
in various situations, but note that side-scan sonar 
calibration is often very difficult or impossible 
(Bollinger and Kline 2017; Lawson et  al. 2020; 
Ridgway et  al. 2024).

Acoustic cameras
Acoustic cameras use high-frequency multibeam sonar 
to produce near photographic-like images of fish, 
including morphological characteristics and swimming 
behavior (Martignac et  al. 2015). By using 
high-frequency sound, acoustic cameras greatly 
increase the resolution and detail of fish compared 
to other sonar approaches but at the expense of 
reduced detection range (<40  m; Jones et  al. 2021; 
Sibley et  al. 2023). There are two primary acoustic 
cameras used for fish: Duel-Frequency Identification 
Sonar (DIDSON) emits frequencies in the range of 
1–2 MHz (Belcher et  al. 2002), while Adaptive 
Resolution Imaging Sonar (ARIS) operates at even 
higher frequencies to provide greater resolution 
(Shahrestani et  al. 2017; Jones et  al. 2021). The pri-
mary strength of acoustic cameras is that it can count 
fish in places or areas where visual methods are not 
possible, hence their primary use in rivers, estuaries, 
or turbid coastal waters (e.g. Moursund et  al. 2003; 
Viehman and Zydlewski 2015; Plumlee et  al. 2020). 
The drawbacks include a small sampling volume, mor-
phologically similar species can be difficult to distin-
guish, fish can be obscured at high densities, and fish 
at certain angles to the sonar can be difficult to detect 
(Tušer et  al. 2014; Jones et  al. 2021). Acoustic cameras 
are especially useful in structured habitats when fish 
species richness is low, species are morphologically 
unique, and visual sampling cannot be used (Martignac 
et  al. 2015; Sibley et  al. 2023). Note that, similar to 
video-based approaches, substantial processing time 
is required to count fish following field sampling 
(Dunn et  al. 2022).

Passive acoustics
Many fish make sounds to communicate with one 
another for courtship, mating, or fighting or inciden-
tally while feeding or swimming (Fine et  al. 1977; 
Hawkins et  al. 2025). Fish can make sounds in various 
ways including grinding teeth or other hard parts or 
by vibrating muscles against the swim bladder or 
other parts of the body (Kaatz 2002; Ladich 2004). 
Passive acoustics uses listening devices to detect nat-
urally occurring sounds emitted by fish to understand 
their distribution, habitat use, and spawning locations 
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(Gannon 2008; Rowell et  al. 2012; Elise et  al. 2022). 
The strengths of using passive acoustics to study fish 
populations are that it can be used in areas where 
visual approaches are not efficient (Rountree et  al. 
2006; Picciulin et  al. 2019), arrays of hydrophones 
can be used to monitor sound production over large 
areas and time periods (Gannon 2008), and fish loca-
tions can be estimated precisely using triangulation 
(Putland et  al. 2018). There are some significant draw-
backs of a passive acoustic approach: only some fish 
species are soniferous (Kaatz 2002), it is challenging 
but important to sound-truth (i.e. validate) sounds 
coming from fish using captive or field studies (Lobel 
2002; Okumura et  al. 2002), data analysis can be dif-
ficult due to the large volume of data collected (Lin 
et  al. 2018), and background noise can reduce detec-
tion ranges and mask sounds of interest (Gannon 
2008; Mann et  al. 2008). While passive acoustics has 
potential to elucidate spawning behavior, habitat use, 
and predator-prey dynamics of soniferous fishes, it is 
tenuous to use passive acoustics to estimate fish abun-
dance because sound detection can be influenced by 
myriad factors including the presence of predators, 
fluctuating environmental conditions, and variable 
detection distances (Gannon 2003; Biggs and 
Erisman 2021).

Tagging approaches

Fish have been tagged for myriad scientific reasons 
over the past century, and these studies have contrib-
uted enormously to our understanding of fish move-
ment, stock structure, habitat use, mortality rates, and 
abundance (McKenzie et  al. 2012; Thorstad et  al. 
2013). Tagging fish is particularly advantageous 
because it creates a known group of fish from the 
population that can be followed through space or time 
(Pine et  al. 2012). There are numerous ways that tag-
ging studies can be designed using conventional tags, 
telemetry transmitters, or both (Pine et al. 2003). Most 
tagging studies rely on the capture of fish from con-
ventional gears (Thorsteinsson 2002). Typically, fish 
survival from the capture and tagging process must 
be estimated, and tagged fish must be well mixed 
with, and thus representative of, untagged fish (Table 
4; Pine et  al. 2003). Below the two broad categories 
of tagging studies are described – conventional and 
electronic tagging (Figure 5).

Conventional tagging
Conventional tagging involves attaching tags or mark-
ing fish in a way that the tags or marks can be 

detected upon the fish’s recapture (Seber 1973; Ricker 
1975). Marks and tags are highly variable and include 
fin clips, natural distinctive markings, anchor tags, 
coded wire tags, passive integrated transponder tags, 
and visible implant elastomer tags (Pine et  al. 2012). 
Conventional tagging studies can address numerous 
objectives across widely varying aquatic systems (see 
review by Pine et  al. 2003), but most require fish to 
be recaptured for reliable information to be collected. 
Conventional tagging studies have been used to esti-
mate abundance of fish in various structured habitats 
such as natural reefs (Shertzer et  al. 2020; Kohler 
et  al. 2023) and oil and gas platforms (Osowski and 
Szedlmayer 2022). Conventional tagging studies, how-
ever, come with strong assumptions that must be sat-
isfied for mortality or abundance to be estimated 
accurately (Pine et  al. 2003): spatial closure is com-
monly assumed (Shertzer et  al. 2020), the rate of tag 
loss must either be 0% or known (Hyun et  al. 2012), 
the recapture probability of tagged fish is assumed to 

Table 4. S trengths and weaknesses of tagging approaches for 
sampling fish in structured habitats.

Strengths Weaknesses

Useful in which 
structured 
habitats?

Conventional 
tagging

Can be used to 
estimate 
abundance, 
mortality, or 
movement 
rates; creates 
a known 
group of fish 
that can be 
followed over 
space and 
time

Requires the capture 
of live fish for 
tagging; fish must 
survive capture 
and tagging or 
the mortality rate 
must be known; 
fish must mix 
with untagged 
fish; fish cannot 
emigrate or 
emigration rate 
must be known; 
tag loss rate must 
either be 0% or 
known; some 
studies require 
knowledge of the 
tag reporting rate

All structured 
habitats

Electronic tags Can be used to 
estimate 
abundance, 
mortality, or 
movement 
rates; 
accurate fish 
positions 
possible; 
additional 
data from 
sensors is 
also possible

Requires the capture 
of live fish for 
tagging; fish must 
survive capture 
and tagging to 
collect data; fish 
must mix with 
untagged fish to 
make 
population-level 
inferences; tags 
and hydrophones 
are expensive; 
remote listening 
stations require 
data downloads; 
noisy 
environments 
influence 
detection

All structured 
habitats, 
although 
structure 
may limit 
detection
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be the same as untagged fish (Pine et  al. 2003), and 
some studies depend on the fishing industry to report 
tags, in which case the reporting rate must be 100% 
or estimable (Pine et  al. 2012). In most cases, auxiliary 
data can be collected to either test these assumptions 
or account for their violation (Pollock 2002). 
Conventional tagging studies are best used to estimate 
fish abundance for species that survive the capture 
and tagging process and do not change their behavior 
after tagging.

Electronic tags
Various types of electronic tags have been applied to 
fish to study their movements, habitat use, and mor-
tality rates. Acoustic and radio telemetry involves 
attaching, implanting, or inserting a tag that period-
ically emits a unique radio or ultrasonic signal that 
is detected by a receiver (Thorstad et  al. 2013). When 
an array of submersible receivers is used, it is possible 
to position fish accurately using a time-difference- 
of-arrival algorithm (Espinoza et  al. 2011). Telemetry 
has been used widely to study fish movements, but 
is also now a leading method to estimate mortality 
rates of fish, especially natural and discard mortality 
(Hightower et  al. 2001; Bacheler et  al. 2009; 
Rudershausen et  al. 2025). While it may be possible 
to estimate abundance using telemetry directly 
(Clement et  al. 2015), it is much more powerful as a 
complementary tool to estimate abundance in con-
junction with other sampling approaches such as con-
ventional tagging or video counts (Dudgeon et  al. 
2015; Shertzer et  al. 2020; Zulian et  al. 2025). 
Telemetry can also be used to quantify the effective 
sampling area or efficiency of conventional sampling 
gears (Lees et  al. 2018; Bacheler et  al. 2022). The 
primary drawbacks of telemetry are that equipment 
can be expensive, animals must survive the capture 

and tagging process, and remote hydrophones must 
be recovered and downloaded to access data (Pine 
et  al. 2003; Espinoza et  al. 2011). Data storage (i.e. 
archival) tags can collect information on depth, tem-
perature, or other parameters, but the primary lim-
itation is that data can only be accessed if the animal 
is recaptured (Godø and Michalsen 2000). Pop-up 
satellite archival tags transmit information on light, 
temperature, and depth to scientists via satellites once 
the tag is shed so that positions can be estimated, 
but the downsides are that positions are often impre-
cise and missing data are common (Thorstad 
et  al. 2013).

Novel approaches

Fish surveys are expensive and the data collected 
during these surveys are often limited in space and 
time. Instead, marine organisms could be monitored 
with the use of various autonomous vehicles (Table 
5; Figure 6; De Robertis et  al. 2019; Harris et  al. 2019; 
Whitt et  al. 2020). In addition to autonomous sam-
pling, there are some emerging, cutting-edge genetic 
approaches that are revolutionizing our understanding 
of various aspects of fish biology and ecology (Figure 
6; Casas et  al. 2023).

Autonomous underwater vehicles
Uncrewed autonomous underwater vehicles (AUVs) 
follow pre-programmed tracks to collect various types 
of video, environmental, and acoustics data (Seiler 
et  al. 2012; Wall et  al. 2017; Lembke et  al. 2018; 
Maslin et  al. 2021). Some uncrewed AUV use pro-
pellers for propulsion, while gliders use buoyancy 
control with hydrofoils to glide forward while ascend-
ing and descending in the water column. Uncrewed 
AUV can often collect some (but not all) of same 

Figure 5. E xamples of tagging approaches. (A) Gray triggerfish (Balistes capriscus) tagged with a conventional (internal anchor, 
indicated by black arrow) tag at the Chicken Rock, North Carolina, USA (Shertzer et  al. 2020); credit: NOAA-Fisheries. (B) External 
attachment of an ultrasonic transmitter to tautog (Tautoga onitis) at an offshore wind monopile, Virginia, USA; credit: Brendan 
Runde, The Nature Conservancy.
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types of data as large oceanographic research vessels 
but at a reduced cost (Greene et  al. 2014). Uncrewed 
AUV have been used to collect fine-scale environ-
mental data (Liblik et  al. 2016), listen passively for 
fish (Luczkovich and Sprague 2022; Cauchy et  al. 
2023), track acoustically tagged fish (Cypher et  al. 
2023), use active acoustics to detect fish (Greene et  al. 
2014), and carry multiple sensors simultaneously 
(Lembke et  al. 2018). Fleets of uncrewed AUV can 
also be deployed off research vessels to greatly increase 
their efficiency and provide a system of sustained 
ocean observations, but the primary challenges are 
the initial cost of purchasing uncrewed AUV, the 
potential loss of uncrewed AUV that have malfunc-
tioned, planning complex missions, and the difficulty 
recovering fleets of uncrewed AUV at sea (Thompson 
and Guihen 2019). The most efficient use of uncrewed 
AUV is mapping the seafloor, collecting passive acous-
tic data on fish sounds, collecting active acoustics 
data to determine fish distribution and abundance, 
and listening for acoustically tagged fish.

Uncrewed aircraft systems
Uncrewed aircraft systems (UAS or “drones”) can col-
lect information on fish and their habitats from the 

air, and are much cheaper than crewed aircraft (Harris 
et  al. 2019; Ganie et  al. 2025). Uncrewed aircraft sys-
tems can carry a wide variety of sensors allowing 
them to collect data such as multispectral photogra-
phy, thermal imagery, and light detection and ranging 
images (i.e. LIDAR; Espriella et  al. 2023). Uncrewed 
aircraft systems costs vary widely and come in two 
primary styles: multi-rotor UAS for surveying smaller 
areal extents and fixed-wing UAS for surveying larger 
areas (Harris et  al. 2019). Uncrewed aircraft systems 
have improved fisheries science in a variety of ways, 
including monitoring illegal fishing activities in 
marine protected areas (Reis‐Filho et  al. 2022), esti-
mating fishing effort (Dainys et  al. 2022), identifying 
critical fish habitats such as nursery or spawning areas 
(Ventura et  al. 2016; Scoulding et  al. 2024), collecting 
imagery to count large epipelagic marine organisms 
like sharks or spawning salmon in clear water (Kiszka 
et  al. 2016; Groves et  al. 2017), and detecting telem-
etry tagged fish (Oleksyn et  al. 2021). The major 
downsides of UAS for use in fisheries science are that 
there are relatively limited ways in which UAS can 
be used to improve our knowledge of fish in struc-
tured habitats, pilots need experience and licensing, 
there are limits to the places UAS can fly, and data 
analyses can be challenging (Harris et  al. 2019). 

Table 5. S trengths and weaknesses of novel methods for sampling fish in structured habitats.

Gear Strengths Weaknesses
Useful in which 

structured habitats?

Autonomous 
underwater 
vehicles

Can carry cameras and numerous acoustic and 
environmental sensors; data collection 
cheaper than large research vessels

Initial cost is substantial; potential loss of AUVs; 
difficultly planning complex missions; recovering 
AUVs is complicated, often requiring research 
vessels; ground-truthing of acoustics data often 
not possible

Low-relief structured 
habitats with 
sufficient water 
depth

Autonomous aircraft 
systems

Can carry various cameras and thermal sensors; 
good for detecting fish near the surface in 
clear water

Most fish not amenable to detection, especially those 
in structured habitats; only relatively large, 
conspicuous, pelagic fish are detected; pilots need 
training

Shallow, clear waters 
only

Autonomous surface 
vehicles

Can carry numerous acoustic and 
environmental sensors; can survey large 
areas over long periods of time at fraction 
of the cost of research vessels; ASVs do not 
influence fish behavior like research vessels

Initial cost is substantial; potential loss of ASVs; sea 
state influences data collection and navigation; 
limited transducers compared to research vessels; 
use may be restricted in some areas; 
ground-truthing of acoustics data often not 
possible

All structured habitats 
where fish species 
richness is low 
and fish are not 
closely associated 
with structure.

eDNA Sample entire fish community at a site from a 
simple water sample; species presence and 
in some cases relative abundance can be 
determined; ideal for cryptic, hard to 
sample, and rare species; amenable to 
pairing with other gears.

False positives and false negatives can occur; eDNA 
concentrations affected by habitat being sampled; 
water currents can transport eDNA, spatially 
decoupling observations from the sampled 
population

All structured habitats

Close-kin 
mark-recapture

Absolute abundance can be estimated at the 
stock level; samples can be taken from live 
or dead fish; robust to variable capture 
probability; no traditional recaptures needed

Not useful for rare, long-lived, highly abundant, 
clonal, or semelparous species; complicated 
likelihoods; can be biased for species with limited 
dispersal and nonrandom sampling; various life 
history parameters must be known; fish must be 
captured for genetic samples to be extracted

All structured habitats

Combining gears Can improve understanding of or ground-truth 
one gear, provide a more complete 
understanding of the fish community, and 
be used to estimate detection or 
catchability; improvements often occur in 
terms of accuracy and precision of data

Additional cost to sample with two or more gears; 
combining data from two gears into a single 
analysis can be complicated

All structured habitats
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Uncrewed aircraft systems hold the most promise for 
surveying highly visible fish or their habitats in shal-
low, clear water and determining the locations of 
fishing activities.

Autonomous surface vehicles
Autonomous surface vehicles (ASVs) are various types 
of uncrewed sailboats (i.e. “saildrone”) or kayaks, most 
of which use wind for movement and solar panels 
for generating electrical energy to power on-board 
oceanographic and meteorological sensors (Handegard 
et  al. 2024; Sun et  al. 2025). ASVs can operate auton-
omously over long timeframes, providing an efficient 
method of collecting data at the air-ocean interface 
over large spatial scales (Meinig et  al. 2019). For fish 

surveys, the most commonly used sensors on ASV 
are split-beam echosounders for active acoustics and 
hydrophones for passive acoustics and telemetry 
(Mordy et  al. 2017). There are some major strengths 
of ASV, including their ability to survey large areas 
over long periods of time at a small fraction of the 
cost of research vessels while producing comparable 
data (De Robertis et  al. 2019, 2021), detect fish near 
the surface due to shallow transducer depth 
(Handegard et  al. 2024; Komiyama et  al. 2025), and, 
perhaps most importantly, not influence fish behavior 
like many research vessels (De Robertis and Handegard 
2013; Evans et  al. 2023, 2024). The primary drawbacks 
of ASV are that sea state can affect their ability to 
navigate and collect clean data due to interference 
with bubbles (Handegard et  al. 2024), the number of 

Figure 6. E xamples of novel sampling approaches. (A) Autonomous underwater vehicle (glider) carrying various acoustical sensors 
to detect grouper spawning aggregations in St. Croix, USA. Virgin Islands; credit: NOAA-NCCOS Seascape Ecology and Analytics. (B) 
Uncrewed aircraft system (drone) to understand movements of sharks at the Rachel Carson Reserve, North Carolina, USA; credit: 
Duke Marine Robotics and Remote Sensing Lab. (C) eDNA sampling for endangered Asian arowana (Scleropages formosus) in 
Bukit Merah Lake, Perak, Malasia; credit: Norli Fauzani Mohd Abu Hassan Alshari, Universiti Malasia Terengganu. (D) Autonomous 
surface vehicle (“DRiX”) collecting acoustic data in Malina Bay, Kodiak Island, Alaska, USA; credit: Bryan Begun. (E) Taking fin clip 
of red snapper (Lutjanus campechanus) for a close-kin mark-recapture study to estimate absolute abundance as part of the South 
Atlantic Red Snapper Research Program; credit: FLFWC-FWRI. (F) Paired chevron trap, video, and diver survey (Bacheler et  al. 2017); 
credit: Brad Teer, Cooperative Institute for Marine and Atmospheric Studies, University of Miami.
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transducers (and therefore data resolution) is typically 
limited compared to research vessels (Komiyama et  al. 
2025), and data validation is required (De Robertis 
et  al. 2021). Currently, the best use of ASV is to 
collect active and passive acoustics data on fish in 
places where species richness is relatively low (e.g. 
arctic waters) and ground-truthing data from research 
or fishing vessels are available (Bolser et  al. 2023; 
Handegard et  al. 2024).

Environmental DNA
Fish release DNA into the water when they die and 
decay or when they shed skin cells, scales, tissues, or 
feces (Creer et  al. 2016). Environmental DNA (eDNA) 
is a noninvasive approach where sloughed DNA from 
fish can be detected in the environment (e.g. water) 
without the need for collecting organisms themselves 
(Thomsen and Willerslev 2015). Fish DNA introduced 
into the water column degrades over time but often 
lasts long enough (days to weeks) to be detected in 
water samples (Barnes et  al. 2014; Collins et  al. 2018). 
The use of eDNA sampling to detect the presence 
and distribution of fishes has rapidly expanded in the 
last decade, being particularly useful for rare, cryptic, 
or invasive species that are poorly sampled with other 
sampling gears (Bessey et  al. 2023; Alshari et  al. 2025). 
In some situations, eDNA concentrations of fish have 
tracked well with catches from independent sampling 
gears in the same areas (Shelton et  al. 2019, 2022; 
Andres et  al. 2023; Luo et  al. 2023; Guri et  al. 2024). 
The strength of eDNA is being able to sample an 
entire fish community simply by collecting a water 
sample (Abidin et  al. 2022; Zamani et  al. 2022). 
Drawbacks of eDNA are that both false positives and 
false negatives can occur (Port et  al. 2016), eDNA 
concentrations are affected by the habitat being sam-
pled (Stat et  al. 2019; Lafferty et  al. 2021), and water 
currents can uncouple eDNA concentrations and fish 
abundance from the location of origin (Abidin et  al. 
2022; Thompson 2024). eDNA is a promising approach 
that can best be used to complement and understand 
various other sampling gears (Stat et  al. 2019; Bessey 
et  al. 2023; Clark et  al. 2024).

Close-kin mark-recapture
Close-kin mark-recapture (CKMR) is a relatively new 
approach to estimate the abundance of animals using 
the frequency of relatedness from genetic samples 
(Bravington, Grewe, et  al. 2016; Bravington, Skaug, 
et  al. 2016; Trenkel et  al. 2022). CKMR is a type of 
mark-recapture approach where fish are “marked” by 
being present in the sample and “recaptured” if the 

sample contains one or more close relatives (e.g. 
half-siblings; Ruzzante et  al. 2019). For a given level 
of genetic sampling, more close relatives are expected 
in small populations compared to large populations 
(Bravington, Grewe, et  al. 2016; Bravington, Skaug, 
et  al. 2016). CKMR has been used to estimate absolute 
abundance of several high-profile fish species 
(Bravington, Grewe, et  al. 2016; Bravington, Skaug, 
et  al. 2016; Hillary et  al. 2018; Delaval et  al. 2023). 
The strengths of CKMR are that it can provide robust 
estimates of absolute abundance, samples can be 
acquired from live or dead fish without the need for 
recapturing fish, and it is robust to many problems 
associated with variable capture probability 
(Bravington, Grewe, et  al. 2016; Bravington, Skaug, 
et  al. 2016; Marcy‐Quay et  al. 2020). Drawbacks of 
CKMR are that it cannot be easily applied to clonal, 
semelparous, abundant, long-lived, or rare species, fish 
must be captured for DNA samples to be extracted, 
detailed reproductive, age, and life history information 
are needed for the species of interest, and CKMR can 
be biased under certain situations (Bravington, Grewe, 
et  al. 2016; Bravington, Skaug, et  al. 2016; Conn et  al. 
2020; Trenkel et  al. 2022). CKMR is most amenable 
for species with well understood life histories, the 
species is neither extremely rare nor abundant, and 
scientists are able to obtain a sufficient number of 
samples (Bravington, Grewe, et  al. 2016; Bravington, 
Skaug, et  al. 2016; Trenkel et  al. 2022).

Combining gears
All gears select for certain sizes or species of fish and 
sampling efficiency may vary across habitats, so com-
bining sampling gears can reduce the inherent biases 
in each technique and provide a more accurate picture 
of the entire fish community (Willis et  al. 2000; 
Bacheler et  al. 2017). Using multiple gears or com-
bining datasets from various gears has become com-
mon because, in most situations, improvements in 
accuracy and precision have outweighed the costs of 
adding another gear (Watson et  al. 2005; Conn 2010; 
Gibson-Reinemer et  al. 2017). There are three primary 
ways in which combining sampling gears can improve 
fish sampling compared to single gears, ranging from 
simple to more complex approaches.

The first and simplest reason gears may be paired 
is to use one gear to modify or inform estimates from 
a second (primary) sampling gear. A classic example 
is using video to determine the sizes or species of 
fish missed, habitat damage, and bycatch rates of var-
ious conventional sampling gears (Grant et  al. 2004; 
Kilpatrick et  al. 2011; Bacheler et  al. 2014). Another 
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example is that acoustic returns from split-beam 
hydroacoustic surveys commonly need to be parti-
tioned into various species using independent sam-
pling gears like trawls or video (Ressler et  al. 2009; 
Jones et  al. 2012; Scoulding et  al. 2023). Moreover, 
visual gears like UVC and remote video are strength-
ened when they are ground-truthed using other visual 
gears, eDNA, or tagging (Pelletier et  al. 2011; 
Fernández et  al. 2021).

The second reason gears can be used together is 
to generate independent estimates that provide a more 
complete understanding of a species or community 
than using any single gear by itself. There are many 
examples of paired gears being used in tandem to 
survey fish around the world, the most common pair-
ings being conventional gears with non-extractive 
visual gears (Bacheler and Ballenger 2018; 
López-González et  al. 2022), visual gears being used 
together (Watson et  al. 2005; Lowry et  al. 2011; Logan 
et  al. 2017), and eDNA being combined with various 
other gears (Sato et  al. 2021; Alexander et  al. 2022). 
Some of these studies present separate, gear-specific 
indices of abundance (e.g. Bacheler and Ballenger 
2018), but it is also possible to combine disparate 
indices into a single index of abundance using various 
modeling approaches (Conn 2010; Gibson-Reinemer 
et  al. 2017; Peterson et  al. 2021).

The last way that data from paired gears can be 
used is to produce a single, integrated estimate via 
models that use information from both or all gears. 
The simplest version is using one sampling gear to 
catch fish for mark-recapture experiments and another 
(e.g. video) for “recapture” (Shertzer et al. 2020; Dennis 
et  al. 2024). Occupancy models use presence-absence 
data from repeated observations (e.g. multiple divers) 
of a species to estimate occupancy and detection rates 
(Katsanevakis et  al. 2012). Occupancy models typically 
assume temporal closure, but paired gears can be used 
instead of repeated observations to estimate occupancy 
and detection rates, eliminating the need to assume 
temporal closure (Coggins et  al. 2014). N-mixture and 
related state-space models can use count data from 
repeated observations or paired gears to estimate abun-
dance and catchability (Gwinn et  al. 2019; Madsen and 
Royle 2023; Zulian et  al. 2025). Integrated population 
models and stock assessments are very similar and 
combine survey data from various gears with demo-
graphic data to estimate various population parameters 
(Riecke et  al. 2019; Schaub et  al. 2024). The primary 
benefits of occupancy, N-mixture, and integrated pop-
ulation models is that they combine the strengths of 
each sampling gear to create robust estimates while 
explicitly accounting for imperfect detection or 

catchability; the challenges are that they can be data 
hungry and have trouble accommodating over-dispersed 
or zero-inflated data.

Synthesis

Many fish species associate with structured habitats. 
While structured aquatic habitats often account for a 
small proportion of the seafloor, they tend to harbor 
higher fish densities and diversity than unstructured 
habitats (Trebilco et  al. 2015; Ilich et  al. 2021). Fish 
are attracted to structured habitats because they gen-
erally provide increased food resources and reduced 
predation threat (Webster and Hixon 2000; Stewart 
and Jones 2001). The abundance and distribution of 
fishes associated with structured habitats, however, 
are changing due to habitat degradation, fishing, pol-
lution, and environmental variability (Pandolfi et  al. 
2003; Beck et  al. 2011; Goldberg et  al. 2020). It is 
thus critical to survey fish in structured habitats, but 
that can be difficult because gear can be snagged and 
lost, sensitive habitats can be damaged, and fish are 
often not sampled in proportion to their abundance 
(Murphy and Jenkins 2010).

Many approaches can be used to sample fish in 
structured habitats. Here, 24 of the most common 
sampling approaches were reviewed, and the strengths, 
weaknesses, and most useful applications of each were 
described. A key takeaway from this review is that 
there is no ideal sampling gear that can be used for 
all fish species in all structured habitats. Instead, the 
optimal sampling gear depends on the morphology, 
biology, and behavior of the species of interest, the 
physical characteristics of the habitats being sampled, 
and the objectives of the study (Blaber et  al. 1985; 
Willis et  al. 2000). For instance, visual approaches are 
well suited to sampling fishes in clear waters like coral 
reefs, but perform poorly at turbid oyster reefs 
(Donaldson et  al. 2020). Acoustic cameras can effec-
tively sample mid-sized fish around oyster reefs, but 
poorly sample small, cryptic fish species (Tušer et  al. 
2014). eDNA is an ideal approach to sample cryptic 
fishes in various places including oyster reefs but is 
currently much better suited for determining presence 
or absence than estimating abundance (Andres et  al. 
2023; Luo et  al. 2023). Given that all gears have 
strengths and weaknesses, the goal of this review was 
to provide a guide to researchers and scientists that 
would allow them to sample fishes in structured hab-
itats effectively.

Another key finding is that no sampling gear has 
perfect detection or catchability. As one example, UVC 
only detected 18–65% of the species present and 23% 
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of the individuals associated with tropical reefs (Brock 
1982; Willis 2001; MacNeil et  al. 2008). Even eDNA 
often misses a significant portion of the fish species 
known to be present (Port et  al. 2016; DiBattista et  al. 
2017). Two ways of dealing with the imperfect detec-
tion of fish by sampling gears are recommended. The 
first is to combine sampling gears so that fewer fish 
species are missed and the strengths and weaknesses 
of each gear can be better understood (Stewart and 
Beukers 2000; Stat et  al. 2019; Alexander et  al. 2022). 
The second is to use methods that account for imper-
fect detection like occupancy, state-space, N-mixture, 
or integrated population models (MacKenzie et  al. 
2002; Royle 2004; Gwinn et  al. 2019).

It is also clear that some methods have the poten-
tial to transform fish sampling in structured habitats 
and deserve more research focus and widespread use. 
For instance, eDNA deserves broader application given 
how easily it pairs with other sampling gears and its 
power to detect a wide array of fish species (Alexander 
et  al. 2022; Lin et  al. 2022). More attention should 
also be given to attempting to estimate relative abun-
dance (or biomass) from eDNA, which, if broadly 
feasible, could revolutionize fish sampling (Shelton 
et  al. 2019, 2022; Andres et  al. 2023). The use of 
autonomous underwater, surface, and aerial vehicles 
will allow for more efficient data collection or fill in 
gaps from research vessels, as long as vehicle loss can 
be minimized and challenges with recovering vehicles 
are improved (Lembke et  al. 2018; De Robertis et  al. 
2019; Harris et  al. 2019). If the objective is to estimate 
absolute abundance at the population level, CKMR 
may become more popular because of its many advan-
tages over traditional mark-recapture techniques 
(Bravington, Grewe, et  al. 2016; Bravington, Skaug, 
et  al. 2016; Trenkel et  al. 2022). While these novel 
approaches may revolutionize fish surveys, they all 
have strengths and weaknesses that need to be 
accounted for and none will likely ever become a 
panacea (Pitcher and Lam 2010).

Another key finding is that water clarity and depth 
often broadly influence which gears can be used to 
sample structured habitats. In clear water, visual 
approaches like UVC and video are commonly used 
(Figueroa-Pico et  al. 2020), whereas conventional and 
acoustic gears tend to be more effective when water 
is turbid. Water depth also influences the choice of 
sampling method. Some gears such as UVC and 
acoustic cameras cannot be easily used in deep water, 
while others such as ROV, AUV, and most sonar 
approaches have limited utility in especially shallow 
water (Misund 1997; Murphy and Jenkins 2010). Most 
conventional gears, eDNA, and tagging methods are 

generally unaffected by the water clarity or the depth 
of structured habitats being sampled.

It is also important to note that not all structured 
habitats are equal. Seagrass tends to be somewhat 
unusual among structured habitats in that gear hangs 
and tangles are rare, so trawling and seining are pos-
sible (Harmelin-Vivien and Francour 1992; Guest et 
al. 2003). Some structured habitats including tropical, 
temperate, and cold-water coral reefs are particularly 
sensitive and can be easily damaged by sampling gears 
(Fosså et  al. 2002; Anderson and Clark 2003). On the 
other end of the spectrum, the immense vertical 
structure provided by shipwrecks, oil and gas plat-
forms, and wind turbines are especially difficult to 
sample effectively: UVC can only be used near the 
surface (Cote and Perrow 2006), ROV tethers can get 
tangled in structure (Greene 2015), hook-and-line 
sampling primarily targets a small subset of species 
(Willis et  al. 2000), water clarity can vary throughout 
the water column (Ajemian et  al. 2015), and fish 
movement around structure complicates their detec-
tion, counting, and capture (Ajemian et  al. 2015).

Whether fish need to be captured for biological 
sample extraction, tagging, or recapture is an import-
ant consideration that strongly influences the choice 
of sampling gear. Most modern stock assessments 
methods, for instance, require fish ages to be deter-
mined from otoliths and reproductive characteristics 
to be determined from histological samples, and, as 
of now, these can only be obtained via direct capture 
(Hilborn and Walters 1992). Only conventional sam-
pling gears allow capture for biological samples or 
tagging, although note that fish may be “recaptured” 
using video or UVC (Shertzer et  al. 2020). Given the 
numerous challenges of using conventional gears to 
sample fish in structured habitats, pairing conven-
tional gears with eDNA, video, or other approaches 
may be optimal when biological samples are required 
(Lin et  al. 2022). In other situations, it may be nec-
essary to sample fish in places where extractive gears 
are prohibited, such as marine reserves; here, all gears 
except conventional gears may be considered (see 
review by Murphy and Jenkins 2010).

Additionally, bait is an important consideration 
when designing and evaluating a fish survey. Bait is 
commonly used in trap and remote video surveys 
because it attracts predatory and scavenging fish spe-
cies to the sampling gear, greatly increasing their 
detection, trap catches, or video counts (Dorman et  al. 
2012; Hardinge et  al. 2013). There are downsides of 
using bait, however. For instance, the catches or 
counts of predatory and scavenging species increase 
with bait but other fish species do not, influencing 
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community-level analyses (Harvey et  al. 2007). Fish 
can also move among habitats due to their attraction 
to bait, confounding habitat selection studies (Stewart 
et  al. 2019). Bait also attracts predatory and scaveng-
ing fish species from some broader unknown area 
(i.e. the “effective sampling area;” Bacheler et  al. 
2022); most baited surveys necessarily assume that 
the effective sampling area is constant over space and 
time (Stoner 2004). If the effective sampling area of 
baited gears could be determined, however, it would 
allow relative abundance estimates from baited gears 
to be converted to density estimates (Lees et  al. 2018; 
Bacheler et  al. 2022). Further comparison of baited 
versus unbaited trap and remote video deployments 
would help to resolve the effects of bait on fish rel-
ative abundance and diversity estimates (Harvey et  al. 
2007; Matthews et  al. 2024).

Conclusion

The sustainable management of fish resources depends 
critically on scientific surveys that estimate abundance 
and other population parameters accurately, precisely, 
and efficiently (Dennis et al. 2015; Goethel et  al. 2023). 
This is particularly challenging for the vast majority 
of fish species that associate with structure because 
structured habitats tend to be fragile, can snag or hang 
sampling gears, and can obscure fish, generally making 
them much harder to sample than fish in unstructured 
habitats. To overcome these challenges, it is recom-
mended to (1) combine sampling gears to obtain a 
more complete picture of fish assemblages in structured 
habitats, (2) focus more research attention on novel 
approaches such as eDNA, CKMR, and autonomous 
vehicles, which may eventually be able to provide the 
most accurate, precise, and efficient data for fish, and 
(3) choose the optimal sampling gear(s) based on the 
species of interest, characteristics of the physical struc-
ture to be sampled, the specific objectives of the study, 
and operational constraints. Improved sampling of fish 
in structured habitats will increase the accuracy and 
precision of stock assessments and improve fisheries 
management, which will benefit fish, their habitats, and 
all those who rely on healthy fish populations for food, 
jobs, and recreation.

Acknowledgments

K. Craig is thanked for proposing the idea for this review 
and R. O’Driscoll, B Runde, K Shertzer, S. Shumway, and 
one anonymous reviewer are thanked for reviewing previous 
versions of this manuscript. Mention of trade names or 

commercial companies is for identification purposes only 
and does not imply endorsement by the National Marine 
Fisheries Service, NOAA. The scientific results and conclu-
sions, as well as any views and opinions expressed herein, 
are those of the author and do not necessarily reflect those 
of any government agency.

Ethical approval

There are no ethical considerations as the research reviews 
existing information.

Declaration of generative AI in scientific 
writing

There are no parts or sections of the manuscript written 
with the assistance of AI or using AI-assisted technologies.

Disclosure statement

The author reports there are no competing interests to 
declare.

Funding

No specific funding was obtained for this article.

ORCID

Nathan M. Bacheler  http://orcid.org/0000-0003-1955-6044

Data availability statement

No data were analyzed in this study.

References

Abidin DHZ, Nor SAM, Lavoué S, Rahim MZ, Akib NAM. 
2022. Assessing a megadiverse but poorly known com-
munity of fishes in a tropical mangrove estuary through 
environmental DNA (eDNA) metabarcoding. Sci Rep. 
12(1):16346. doi: 10.1038/s41598-022-19954-3.

Ackerman JL, Bellwood DR. 2000. Reef fish assemblages: a 
re-evaluation using enclosed rotenone stations. Mar Ecol 
Prog Ser. 206:227–237. doi: 10.3354/meps206227.

Aguzzi J, Sbragaglia V, Santamaría G, Del Río J, Sardà F, 
Nogueras M, Manuel A. 2013. Daily activity rhythms in 
temperate coastal fishes: insights from cabled observato-
ry video monitoring. Mar Ecol Prog Ser. 486:223–236. 
doi: 10.3354/meps10399.

Ajemian MJ, Wetz JJ, Shipley-Lozano B, Shively JD, Stunz 
GW. 2015. An analysis of artificial reef fish community 
structure along the northwestern Gulf of Mexico shelf: 
potential impacts of “Rigs-to-Reefs” programs. PLoS One. 
10(5):e0126354. doi: 10.1371/journal.pone.0126354.

http://orcid.org/0000-0003-1955-6044
https://doi.org/10.1038/s41598-022-19954-3
https://doi.org/10.3354/meps206227
https://doi.org/10.3354/meps10399
https://doi.org/10.1371/journal.pone.0126354


22 N. M. BACHELER

Ajemian MJ, Wetz JJ, Shipley-Lozano B, Stunz GW. 2015. 
Rapid assessment of fish communities on submerged oil 
and gas platform reefs using remotely operated vehicles. 
Fish Res. 167:143–155. doi: 10.1016/j.fishres.2015.02.011.

Alexander JB, Marnane MJ, Elsdon TS, Bunce M, Songploy 
S, Sitaworawet P, Harvey ES. 2022. Complementary mo-
lecular and visual sampling of fish on oil and gas plat-
forms provides superior biodiversity characterisation. Mar 
Envir Res. 179:105692. doi: 10.1016/j.marenvres.2022. 
105692.

Allen GR. 2008. Conservation hotspots of biodiversity and 
endemism for Indo-Pacific coral reef fishes. Aquatic 
Conservation. 18(5):541–556. doi: 10.1002/aqc.880.

Allen MJ, Pecorelli H, Word J. 1976. Marine organisms 
around outfall pipes in Santa Monica Bay. J Wat Pollut 
Cont Fed. 48:1881–1893. https://www.jstor.org/sta-
ble/25039959

Alós J, Palmer M, Grau AM, Deudero S. 2008. Effects of 
hook size and barbless hooks on hooking injury, catch 
per unit effort, and fish size in a mixed-species recre-
ational fishery in the western Mediterranean Sea. ICES 
J Mar Sci. 65(6):899–905. doi: 10.1093/icesjms/fsn067.

Alshari N, Adnan MHI, Abidin DHZ, Ghazali SZ, Tan MP, 
Akib NAM, Lavoué S, Nor SAM. 2025. Tracking the 
tropical aquatic dragon: environmental DNA (eDNA) 
detection for monitoring the endangered Asian arowana, 
Scleropages formosus (Müller and Schlegel, 1840). 
Hydrobiologia. 852(7):1759–1772. doi: 10.1007/
s10750-024-05776-z.

Andaloro F, Ferraro M, Mostarda E, Romeo T, Consoli P. 
2013. Assessing the suitability of a remotely operated 
vehicle (ROV) to study the fish community associated 
with offshore gas platforms in the Ionian Sea: a compar-
ative analysis with underwater visual censuses (UVCs). 
Helgol Mar Res. 67(2):241–250. doi: 10.1007/
s10152-012-0319-y.

Anderson OF, Clark MR. 2003. Analysis of bycatch in the 
fishery for orange roughy, Hoplostethus atlanticus, on the 
South Tasman Rise. Mar Freshwater Res. 54(5):643–652. 
doi: 10.1071/MF02163.

Anderson MJ, Millar RB. 2004. Spatial variation and effects 
of habitat on temperate reef fish assemblages in north-
eastern New Zealand. J Exp Mar Biol Ecol. 305(2):191–
−221. doi: 10.1016/j.jembe.2003.12.011.

Anderson TJ, Morrison M, MacDiarmid A, Clark M, 
D’Archino R, Nelson W, Tracey D, Gordon D, Read G, 
Kettles H, et  al. 2019. Review of New Zealand’s key bio-
genic habitats. Wellington, New Zealand: National 
Institute of Water & Atmospheric Research, Ministry for 
the Environment.

Andres KJ, Lodge DM, Sethi SA, Andrés J. 2023. Detecting 
and analysing intraspecific genetic variation with eDNA: 
from population genetics to species abundance. Mol Ecol. 
32(15):4118–4132. doi: 10.1111/mec.17031.

Bacheler NM. 2024. A review and synthesis of the benefits, 
drawbacks, and considerations of using traps to survey 
fish and decapods. ICES J Mar Sci. 81(1):1–21. doi: 
10.1093/icesjms/fsad206.

Bacheler NM, Ballenger JC. 2018. Decadal-scale decline of 
scamp (Mycteroperca phenax) abundance along the south-
east United States Atlantic coast. Fish Res. 204:74–87. 
doi: 10.1016/j.fishres.2018.02.006.

Bacheler NM, Berrane DJ, Mitchell WA, Schobernd CM, 
Schobernd ZH, Teer BZ, Ballenger JC. 2014. 
Environmental conditions and habitat characteristics in-
fluence trap and video detection probabilities for reef 
fish species. Mar Ecol Prog Ser. 517:1–14. doi: 10.3354/
meps11094.

Bacheler NM, Buckel JA, Hightower JE, Paramore LM, 
Pollock KH. 2009. A combined telemetry–tag return ap-
proach to estimate fishing and natural mortality rates of 
an estuarine fish. Can J Fish Aquat Sci. 66(8):1230–1244. 
doi: 10.1139/F09-07.

Bacheler NM, Fuehring AD, Gillum ZD, Gregalis KC, 
Pickett EP, Schobernd CM, Schobernd ZH, Teer BZ. 
2025. Estimating detection probabilities for reef fishes on 
baited underwater video. Mar Ecol Prog Ser. 761:163–177. 
doi: 10.3354/meps14872.

Bacheler NM, Geraldi NR, Burton ML, Muñoz RC, Kellison 
GT. 2017. Comparing relative abundance, lengths, and 
habitat of temperate reef fishes using simultaneous un-
derwater visual census, video, and trap sampling. Mar 
Ecol Prog Ser. 574:141–155. doi: 10.3354/meps12172.

Bacheler NM, Runde BJ, Shertzer KW, Buckel JA, 
Rudershausen PJ. 2022. Fine-scale behavior of red snapper 
(Lutjanus campechanus) around bait: approach distances, 
bait plume dynamics, and effective fishing area. Can J 
Fish Aquat Sci. 79(3):458–471. doi: 10.1139/cjfas-2021-0044.

Balk H, Lindem T. 2000. Improved fish detection in data 
from split-beam sonar. Aquat Liv Res. 13(5):297–303. 
doi: 10.1016/S0990-7440(00)01079-2.

Barnes MA, Turner CR, Jerde CL, Renshaw MA, Chadderton 
WL, Lodge DM. 2014. Environmental conditions influ-
ence eDNA persistence in aquatic systems. Environ Sci 
Technol. 48(3):1819–1827. doi: 10.1021/es404734p.

Beck HJ, Feary DA, Figueira WF, Booth DJ. 2014. Assessing 
range shifts of tropical reef fishes: a comparison of belt 
transect and roaming underwater visual census methods. 
Bull Mar Sci. 90(2):705–721. doi: 10.5343/bms.2013.1055.

Beck MW, Brumbaugh RD, Airoldi L, Carranza A, Coen 
LD, Crawford C, Defeo O, Edgar GJ, Hancock B, Kay 
MC, et  al. 2011. Oyster reefs at risk and recommenda-
tions for conservation, restoration, and management. 
Bioscience. 61(2):107–116. doi: 10.1525/bio.2011.61.2.5.

Beck MW, Heck KL, Able KW, Childers DL, Eggleston DB, 
Gillanders BM, Halpern B, Hays CG, Hoshino KAHO, 
Minello TJ, et  al. 2001. The identification, conservation, 
and management of estuarine and marine nurseries for 
fish and invertebrates. Bioscience. 51(8):633–641. doi: 
10.1641/0006-3568(2001)051[0633:TICAMO]2.0.CO;2.

Becker A, Lowry MB, Fowler AM, Taylor MD. 2023. 
Hydroacoustic surveys reveal the distribution of mid-water 
fish around two artificial reef designs in temperate 
Australia. Fish Res. 257:106509. doi: 10.1016/j.fish-
res.2022.106509.

Belcher E, Hanot W, Burch J. 2002. Dual-frequency iden-
tification sonar (DIDSON). Proceedings of the 2002 
Internat Symp Underw Techn (Cat No 02EX556), New 
York: IEEE; p. 187–192. doi: 10.1109/UT.2002.1002424.

Bennett S, Wernberg T, Connell SD, Hobday AJ, Johnson 
CR, Poloczanska ES. 2016. The ‘Great Southern Reef ’: 
social, ecological and economic value of Australia’s 
neglected kelp forests. Mar Freshw Res. 67(1):47–56. doi: 
10.1071/MF15232.

https://doi.org/10.1016/j.fishres.2015.02.011
https://doi.org/10.1016/j.marenvres.2022.105692
https://doi.org/10.1016/j.marenvres.2022.105692
https://doi.org/10.1002/aqc.880
https://www.jstor.org/stable/25039959
https://www.jstor.org/stable/25039959
https://doi.org/10.1093/icesjms/fsn067
https://doi.org/10.1007/s10750-024-05776-z
https://doi.org/10.1007/s10750-024-05776-z
https://doi.org/10.1007/s10152-012-0319-y
https://doi.org/10.1007/s10152-012-0319-y
https://doi.org/10.1071/MF02163
https://doi.org/10.1016/j.jembe.2003.12.011
https://doi.org/10.1111/mec.17031
https://doi.org/10.1093/icesjms/fsad206
https://doi.org/10.1016/j.fishres.2018.02.006
https://doi.org/10.3354/meps11094
https://doi.org/10.3354/meps11094
https://doi.org/10.1139/F09-07
https://doi.org/10.3354/meps14872
https://doi.org/10.3354/meps12172
https://doi.org/10.1139/cjfas-2021-0044
https://doi.org/10.1016/S0990-7440(00)01079-2
https://doi.org/10.1021/es404734p
https://doi.org/10.5343/bms.2013.1055
https://doi.org/10.1525/bio.2011.61.2.5
https://doi.org/10.1641/0006-3568(2001)051[0633:TICAMO]2.0.CO;2
https://doi.org/10.1016/j.fishres.2022.106509
https://doi.org/10.1016/j.fishres.2022.106509
https://doi.org/10.1109/UT.2002.1002424
https://doi.org/10.1071/MF15232


Reviews in Fisheries Science & Aquaculture 23

Benoit‐Bird KJ, Würsig B, Mfadden CJ. 2004. Dusky dolphin 
(Lagenorhynchus obscurus) foraging in two different hab-
itats: active acoustic detection of dolphins and their prey. 
Mar Mam Sci. 20(2):215–231. doi: 10.1111/j.1748-7692.2004.
tb01152.x.

Bernard ATF, Götz A. 2012. Bait increases the precision in 
count data from remote underwater video for most sub-
tidal reef fish in the warm-temperate Agulhas bioregion. 
Mar Ecol Prog Ser. 471:235–252. doi: 10.3354/meps10039.

Bessey C, Depczynski M, Goetze JS, Moore G, Fulton CJ, 
Snell M, Parsons SK, Berry O, Wilson S. 2023. Cryptic 
biodiversity: a portfolio‐approach to coral reef fish sur-
veys. Limnol Ocean Method. 21(10):594–605. doi: 
10.1002/lom3.10567.

Bicknell AW, Gierhart S, Witt MJ. 2025. Site and species 
dependent effects of offshore wind farms on fish popu-
lations. Mar Environ Res. 205:106977. doi: 10.1016/j.
marenvres.2025.106977.

Biggs CR, Erisman BE. 2021. Transmission loss of fish 
spawning vocalizations and the detection range of passive 
acoustic sampling in very shallow estuarine environments. 
Estuar Coasts. 44(7):2026–2038. doi: 10.1007/
s12237-021-00914-5.

Blaber SJM, Young JW, Dunning MC. 1985. Community 
structure and zoogeographic affinities of the coastal fish-
es of the Dampier region of north-western Australia. Mar 
Freshwater Res. 36(2):247–266. doi: 10.1071/MF9850247.

Boardman FC, Subbotin ER, Ruesink JL. 2023. Nekton use 
of co-occurring aquaculture and seagrass structure on 
tidal flats. Aquacult Environ Interact. 15:307–321. doi: 
10.3354/aei00467.

Boehlert GW, Gill AB. 2010. Environmental and ecological 
effects of ocean renewable energy development: a current 
synthesis. Oceanog. 23(2):68–81. doi: 10.5670/ocean-
og.2010.46.

Bollinger MA, Kline RJ. 2017. Validating sidescan sonar as 
a fish survey tool over artificial reefs. J Coast Res. 
33(6):1397–1407. doi: 10.2112/JCOASTRES-D-16-00174.1.

Bolser DG, Berger AM, Chu D, de Blois S, Pohl J, Thomas 
RE, Wallace J, Hastie J, Clemons J, Ciannelli L. 2023. 
Using age compositions derived from spatio-temporal 
models and acoustic data collected by uncrewed surface 
vessels to estimate Pacific hake (Merluccius productus) 
biomass-at-age. Front Mar Sci. 10:1214798. doi: 10.3389/
fmars.2023.1214798.

Bond T, McLean DL, Prince J, Taylor MD, Partridge JC. 
2022. Baited remote underwater video sample less site 
attached fish species along a subsea pipeline compared 
to a remotely operated vehicle. Mar Freshw Res. 
73(7):915–930. doi: 10.1071/MF21261.

Bond T, Partridge JC, Taylor MD, Cooper TF, McLean DL. 
2018. The influence of depth and a subsea pipeline on 
fish assemblages and commercially fished species. PLoS 
One. 13(11):e0207703. doi: 10.1371/journal.pone.0207703.

Bortone SA, Kimmel JJ, Bundrick CM. 1989. A comparison 
of three methods for visually assessing reef fish commu-
nities: time and area compensated. Gulf Mex Sci. 
10(2):85–96. doi: 10.18785/negs.1002.02.

Boswell KM, Miller MW, Wilson CA. 2007. A lightweight 
transducer platform for use in stationary shallow water 
horizontal-aspect acoustic surveys. Fish Res. 85(3):291–
294. doi: 10.1016/j.fishres.2007.03.003.

Boswell KM, Pedersen G, Taylor JC, LaBua S, Patterson 
WF.III 2020. Examining the relationship between mor-
phological variation and modeled broadband scattering 
responses of reef-associated fishes from the Southeast 
United States. Fish Res. 228:105590. doi: 10.1016/j.fish-
res.2020.105590.

Boswell KM, Wilson MP, Wilson CA. 2007. Hydroacoustics 
as a tool for assessing fish biomass and size distribution 
associated with discrete shallow water estuarine habitats 
in Louisiana. Estuar Coasts. 30(4):607–617. doi: 10.1007/
BF02841958.

Bozec YM, Kulbicki M, Laloë F, Mou-Tham G, Gascuel D. 
2011. Factors affecting the detection distances of reef 
fish: implications for visual counts. Mar Biol. 158(5):969–
981. doi: 10.1007/s00227-011-1623-9.

Bravington MV, Grewe PM, Davies CR. 2016. Absolute 
abundance of southern bluefin tuna estimated by close-kin 
mark-recapture. Nat Commun. 7(1):13162. doi: 10.1038/
ncomms13162.

Bravington MV, Skaug HJ, Anderson EC. 2016. Close-kin 
mark-recapture. Statist Sci. 31(2):259–274. doi: 
10.1214/16-STS552.

Brock VE. 1954. A preliminary report on a method of 
estimating reef fish populations. J Wildl Manag. 
18(3):297–308. doi: 10.2307/3797016.

Brock RE. 1982. A critique of the visual census method 
for assessing coral reef fish populations. Bull Mar Sci. 
32(1):269–276. https://www.ingentaconnect.com/content/
umrsmas/bullmar/1982/00000032/00000001/art00019#

Brooks MT, Coles VJ, Hood RR, Gower JFR. 2018. Factors 
controlling the seasonal distribution of pelagic Sargassum. 
Mar Ecol Prog Ser. 599:1–18. doi: 10.3354/meps12646.

Brown CJ, Blondel P. 2009. Developments in the application 
of multibeam sonar backscatter for seafloor habitat map-
ping. Appl Acoust. 70(10):1242–1247. doi: 10.1016/j.
apacoust.2008.08.004.

Bryan TL, Metaxas A. 2006. Distribution of deep-water corals 
along the North American continental margins: relationships 
with environmental factors. Deep Sea Res I: Ocean Res 
Pap. 53(12):1865–1879. doi: 10.1016/j.dsr.2006.09.006.

Buhl-Mortensen L, Vanreusel A, Gooday AJ, Levin LA, Priede 
IG, Buhl-Mortensen P, Gheerardyn H, King NJ, Raes M. 
2010. Biological structures as a source of habitat hetero-
geneity and biodiversity on the deep ocean margins. Mar 
Ecol. 31(1):21–50. doi: 10.1111/j.1439-0485.2010.00359.x.

Campanella F, Taylor JC. 2016. Investigating acoustic di-
versity of fish aggregations in coral reef ecosystems from 
multifrequency fishery sonar surveys. Fish Res. 181:63–
76. doi: 10.1016/j.fishres.2016.03.027.

Campbell MD, Huddleston A, Somerton D, Clarke ME, 
Wakefield W, Murawski S, Taylor J, Singh H, Girdhar Y, 
Yoklavich M. 2021. Assessment of attraction and avoid-
ance behaviors of fish in response to the proximity of 
transiting underwater vehicles. Fishery Bull. 119(4):216–
230. doi: 10.7755/FB.119.4.2.

Campbell MD, Pollack AG, Driggers WB, Hoffmayer ER. 
2014. Estimation of hook selectivity of red snapper and 
vermilion snapper from fishery-independent surveys of 
natural reefs in the northern Gulf of Mexico. Mar Coast 
Fish. 6(1):260–273. doi: 10.1080/19425120.2014.968302.

Cappo M, Speare P, De’ath G. 2004. Comparison of baited 
remote underwater video stations (BRUVS) and prawn 

https://doi.org/10.1111/j.1748-7692.2004.tb01152.x
https://doi.org/10.1111/j.1748-7692.2004.tb01152.x
https://doi.org/10.3354/meps10039
https://doi.org/10.1002/lom3.10567
https://doi.org/10.1016/j.marenvres.2025.106977
https://doi.org/10.1016/j.marenvres.2025.106977
https://doi.org/10.1007/s12237-021-00914-5
https://doi.org/10.1007/s12237-021-00914-5
https://doi.org/10.1071/MF9850247
https://doi.org/10.3354/aei00467
https://doi.org/10.5670/oceanog.2010.46
https://doi.org/10.5670/oceanog.2010.46
https://doi.org/10.2112/JCOASTRES-D-16-00174.1
https://doi.org/10.3389/fmars.2023.1214798
https://doi.org/10.3389/fmars.2023.1214798
https://doi.org/10.1071/MF21261
https://doi.org/10.1371/journal.pone.0207703
https://doi.org/10.18785/negs.1002.02
https://doi.org/10.1016/j.fishres.2007.03.003
https://doi.org/10.1016/j.fishres.2020.105590
https://doi.org/10.1016/j.fishres.2020.105590
https://doi.org/10.1007/BF02841958
https://doi.org/10.1007/BF02841958
https://doi.org/10.1007/s00227-011-1623-9
https://doi.org/10.1038/ncomms13162
https://doi.org/10.1038/ncomms13162
https://doi.org/10.1214/16-STS552
https://doi.org/10.2307/3797016
https://www.ingentaconnect.com/content/umrsmas/bullmar/1982/00000032/00000001/art00019#
https://www.ingentaconnect.com/content/umrsmas/bullmar/1982/00000032/00000001/art00019#
https://doi.org/10.3354/meps12646
https://doi.org/10.1016/j.apacoust.2008.08.004
https://doi.org/10.1016/j.apacoust.2008.08.004
https://doi.org/10.1016/j.dsr.2006.09.006
https://doi.org/10.1111/j.1439-0485.2010.00359.x
https://doi.org/10.1016/j.fishres.2016.03.027
https://doi.org/10.7755/FB.119.4.2
https://doi.org/10.1080/19425120.2014.968302


24 N. M. BACHELER

(shrimp) trawls for assessment of fish biodiversity in 
inter-reefal areas of the Great Barrier Reef Marine Park. 
J Exp Mar Biol Ecol. 302(2):123–152. doi: 10.1016/j.jem-
be.2003.10.006.

Casas L, Hanel R, Piferrer F, Saborido-Rey F. 2023. Prospects 
and challenges for the implementation of HTS genetic 
methods in fisheries research surveys and stock assess-
ments. Front Mar Sci. 10:1238133. doi: 10.3389/
fmars.2023.1238133.

Cauchy P, Heywood KJ, Merchant ND, Risch D, Queste BY, 
Testor P. 2023. Gliders for passive acoustic monitoring 
of the oceanic environment. Front Rem Sens. 4:1106533. 
doi: 10.3389/frsen.2023.1106533.

Chabanet P, Ralambondrainy H, Amanieu M, Faure G, 
Galzin R. 1997. Relationships between coral reef substra-
ta and fish. Coral Reefs. 16(2):93–102. doi: 10.1007/
s003380050063.

Clark AJ, Atkinson SR, Scarponi V, Cane T, Geraldi NR, 
Hendy IW, Shipway JR, Peck M. 2024. Cost-effort analysis 
of Baited Remote Underwater Video (BRUV) and envi-
ronmental DNA (eDNA) in monitoring marine ecological 
communities. PeerJ. 12:e17091. doi: 10.7717/peerj.17091.

Clement MJ, O’Keefe JM, Walters B. 2015. A method for 
estimating abundance of mobile populations using telem-
etry and counts of unmarked animals. Ecosphere. 
6(10):1–13. doi: 10.1890/ES15-00180.1.

Coen L, Luckenbach MW, Breitburg DL. 1999. The role of 
oyster reefs as essential fish habitat: a review of current 
knowledge and some new perspectives. Am Fish Soc 
Symp. 22:438–454. https://fisheries.org/docs/books/
x54022xm/26.pdf

Coggins LG, JrBacheler NM, Gwinn DC. 2014. Occupancy 
models for monitoring marine fish: a Bayesian hierarchi-
cal approach to model imperfect detection with a novel 
gear combination. PLoS One. 9(9):e108302. doi: 10.1371/
journal.pone.0108302.

Coker DJ, Wilson SK, Pratchett MS. 2014. Importance of 
live coral habitat for reef fishes. Rev Fish Biol Fisheries. 
24(1):89–126. doi: 10.1007/s11160-013-9319-5.

Collins RA, Wangensteen OS, O’Gorman EJ, Mariani S, 
Sims DW, Genner MJ. 2018. Persistence of environmen-
tal DNA in marine systems. Commun Biol. 1(1):185. doi: 
10.1038/s42003-018-0192-6.

Conn PB. 2010. Hierarchical analysis of multiple noisy 
abundance indices. Can J Fish Aquat Sci. 67(1):108–120. 
doi: 10.1139/F09-175.

Conn PB, Bravington MV, Baylis S, Ver Hoef JM. 2020. 
Robustness of close‐kin mark– recapture estimators to dis-
persal limitation and spatially varying sampling probabilities. 
Ecol Evol. 10(12):5558–5569. doi: 10.1002/ece3.6296.

Connell JH. 1978. Diversity in tropical rain forests and 
coral reefs: high diversity of trees and corals is main-
tained only in a nonequilibrium state. Science. 
199(4335):1302–1310. doi: 10.1126/science.199.4335.130.

Cote IM, Perrow MR. 2006. Fish. In: Sutherland WJ, editor. 
Ecological census techniques: a handbook. Cambridge 
(MA): Cambridge University Press. p. 250–277. doi: 
10.1017/CBO9780511790508.007.

Creer S, Deiner K, Frey S, Porazinska D, Taberlet P, Thomas 
WK, Potter C, Bik HM. 2016. The ecologist’s field guide 
to sequence-based identification of biodiversity. Methods 
Ecol Evol. 7(9):1008–1018. doi: 10.1111/2041-210X.12574.

Cullen DW, Stevens BG. 2020. A brief examination of un-
derwater video and hook-and-line gears for sampling 
black sea bass (Centropristis striata) simultaneously at 2 
Mid-Atlantic sites off the Maryland coast. J Northw 
Atlant Fish Sci. 51:1–13. doi: 10.2960/J.v51.m725.

Cypher AD, Statscewich H, Campbell R, Danielson SL, Eiler 
J, Bishop MA. 2023. Detection efficiency of an autono-
mous underwater glider carrying an integrated acoustic 
receiver for acoustically tagged Pacific herring. ICES J 
Mar Sci. 80(2):329–341. doi: 10.1093/icesjms/fsac241.

Dafforn KA, Glasby TM, Airoldi L, Rivero NK, Mayer-Pinto 
M, Johnston EL. 2015. Marine urbanization: an ecolog-
ical framework for designing multifunctional artificial 
structures. Front Ecol Environ. 13(2):82–90. doi: 
10.1890/140050.

Dainys J, Gorfine H, Mateos-González F, Skov C, 
Urbanavičius R, Audzijonyte A. 2022. Angling counts: 
harnessing the power of technological advances for rec-
reational fishing surveys. Fish Res. 254:106410. doi: 
10.1016/j.fishres.2022.106410.

Dalzell P. 1996. Catch rates, selectivity and yields of reef fish-
ing. In: Polunin NVC, Roberts CM, editors. Reef fisheries. 
Vol. 20. Dordrecht, the Netherlands: Chapman & Hall Fish 
and Fisheries Series. doi: 10.1007/978-94-015-8779-2_7.

De Robertis A, Handegard NO. 2013. Fish avoidance of 
research vessels and the efficacy of noise-reduced vessels: 
a review. ICES J Mar Sci. 70(1):34–45. doi: 10.1093/ic-
esjms/fss155.

De Robertis A, Lawrence-Slavas N, Jenkins R, Wangen I, 
Mordy CW, Meinig C, Levine M, Peacock D, Tabisola 
H. 2019. Long-term measurements of fish backscatter 
from Saildrone unmanned surface vehicles and compar-
ison with observations from a noise-reduced research 
vessel. ICES J Mar Sci. 76(7):2459–2470. doi: 10.1093/
icesjms/fsz124.

De Robertis A, Levine M, Lauffenburger N, Honkalehto T, 
Ianelli J, Monnahan CC, Towler R, Jones D, Stienessen 
S, McKelvey D. 2021. Uncrewed surface vehicle (USV) 
survey of walleye pollock, Gadus chalcogrammus, in re-
sponse to the cancellation of ship-based surveys. ICES J 
Mar Sci. 78(8):2797–2808. doi: 10.1093/icesjms/fsab155.

Degraer S, Carey DA, Coolen JWP, Hutchison ZL, Kerckhof 
F, Rumes B, Vanaverbeke J. 2020. Offshore wind farm 
artificial reefs affect ecosystem structure and functioning: 
a synthesis. Oceanograph. 33(4):48–57. doi: 10.5670/
oceanog.2020.405.

Delaval A, Bendall V, Hetherington SJ, Skaug HJ, Frost M, 
Jones CS, Noble LR. 2023. Evaluating the suitability of 
close‐kin mark‐recapture as a demographic modelling 
tool for a critically endangered elasmobranch population. 
Evol Appl. 16(2):461–473. doi: 10.1111/eva.13474.

Dennis JD, Meyer L, Dudgeon CL, Huveneers C. 2024. One 
fish, two fish, three fish, more: novel resighting method 
produces precise and cost‐effective estimates of abun-
dance. J Fish Biol. 105(6):1603–1613. doi: 10.1111/
jfb.15902.

Dennis D, Plagányi É, Van Putten I, Hutton T, Pascoe S. 
2015. Cost benefit of fishery- independent surveys: are 
they worth the money? Mar Policy. 58:108–115. doi: 
10.1016/j.marpol.2015.04.016.

Dias V, Oliveira F, Boavida J, Serrão EA, Gonçalves JM, 
Coelho MA. 2020. High coral bycatch in bottom-set gill-

https://doi.org/10.1016/j.jembe.2003.10.006
https://doi.org/10.1016/j.jembe.2003.10.006
https://doi.org/10.3389/fmars.2023.1238133
https://doi.org/10.3389/fmars.2023.1238133
https://doi.org/10.3389/frsen.2023.1106533
https://doi.org/10.1007/s003380050063
https://doi.org/10.1007/s003380050063
https://doi.org/10.7717/peerj.17091
https://doi.org/10.1890/ES15-00180.1
https://fisheries.org/docs/books/x54022xm/26.pdf
https://fisheries.org/docs/books/x54022xm/26.pdf
https://doi.org/10.1371/journal.pone.0108302
https://doi.org/10.1371/journal.pone.0108302
https://doi.org/10.1007/s11160-013-9319-5
https://doi.org/10.1038/s42003-018-0192-6
https://doi.org/10.1139/F09-175
https://doi.org/10.1002/ece3.6296
https://doi.org/10.1126/science.199.4335.130
https://doi.org/10.1017/CBO9780511790508.007
https://doi.org/10.1111/2041-210X.12574
https://doi.org/10.2960/J.v51.m725
https://doi.org/10.1093/icesjms/fsac241
https://doi.org/10.1890/140050
https://doi.org/10.1016/j.fishres.2022.106410
https://doi.org/10.1007/978-94-015-8779-2_7
https://doi.org/10.1093/icesjms/fss155
https://doi.org/10.1093/icesjms/fss155
https://doi.org/10.1093/icesjms/fsz124
https://doi.org/10.1093/icesjms/fsz124
https://doi.org/10.1093/icesjms/fsab155
https://doi.org/10.5670/oceanog.2020.405
https://doi.org/10.5670/oceanog.2020.405
https://doi.org/10.1111/eva.13474
https://doi.org/10.1111/jfb.15902
https://doi.org/10.1111/jfb.15902
https://doi.org/10.1016/j.marpol.2015.04.016


Reviews in Fisheries Science & Aquaculture 25

net coastal fisheries reveals rich coral habitats in south-
ern Portugal. Front Mar Sci. 7:603438. doi: 10.3389/
fmars.2020.603438.

DiBattista JD, Coker DJ, Sinclair-Taylor TH, Stat M, 
Berumen ML, Bunce M. 2017. Assessing the utility of 
eDNA as a tool to survey reef-fish communities in the 
Red Sea. Coral Reefs. 36(4):1245–1252. doi: 10.1007/
s00338-017-1618-1.

Domokos R. 2021. On the development of acoustic descrip-
tors for semi-demersal fish identification to support mon-
itoring stocks. ICES J Mar Sci. 78(3):1117–1130. doi: 
10.1093/icesjms/fsaa232.

Donaldson JA, Drews P, JrBradley M, Morgan DL, Baker 
R, Ebner BC. 2020. Countering low visibility in video 
survey of an estuarine fish assemblage. Pac Conserv Biol. 
26(2):190–200. doi: 10.1071/PC19019.

Dorman SR, Harvey ES, Newman SJ. 2012. Bait effects in 
sampling coral reef fish assemblages with stereo-BRUVs. 
PLoS One. 7(7):e41538. doi: 10.1371/journal.pone.0041538.

Duarte CM. 2002. The future of seagrass meadows. Envir 
Conserv. 29(2):192–206. doi: 10.1017/S0376892902000127.

Dudgeon CL, Pollock KH, Braccini JM, Semmens JM, 
Barnett A. 2015. Integrating acoustic telemetry into 
mark–recapture models to improve the precision of ap-
parent survival and abundance estimates. Oecologia. 
178(3):761–772. doi: 10.1007/s00442-015-3280-z.

Dugas R, Guillory V, Fischer M. 1979. Oil rigs and offshore 
sport fishing in Louisiana. Fisheries.4(6):2–10. https://ac-
ademic.oup.com/fisheries/article-abstract/4/6/1/7884164?re-
directedFrom=PDF

Duggins DO, Simenstad CA, Estes JA. 1989. Magnification 
of secondary production by kelp detritus in coastal ma-
rine ecosystems. Science. 245(4914):170–173. doi: 10.1126/
science.245.4914.170.

Dullo WC, Flögel S, Rüggeberg A. 2008. Cold-water coral 
growth in relation to the hydrography of the Celtic and 
Nordic European continental margin. Mar Ecol Prog Ser. 
371:165–176. doi: 10.3354/meps07623.

Dunn RP, Kimball ME, O’Brien CG, Adams NT. 2022. 
Characterising fish habitat use of fringing oyster reefs 
using acoustic imaging. Mar Freshw Res. 74(1):39–49. 
doi: 10.1071/MF22081.

Ebeling AW, Hixon MA. 1991. Tropical and temperate reef 
fishes: comparison of community structures. In: Sale PF, 
editor. The ecology of fishes on coral reefs. Cambridge 
(MA): Academic Press. p. 509–563. doi: 10.1016/
B978-0-08-092551-6.50023-4.

Echave KB, Pirtle JL, Heifetz J, Shotwell K. 2023. Cautious 
considerations for using multiple covariate distance sam-
pling and seafloor terrain for improved estimates of rock-
fish density. Mar Ecol Prog Ser. 703:125–143. doi: 
10.3354/meps14219.

Edgar GJ, Barrett NS, Morton AJ. 2004. Biases associated 
with the use of underwater visual census techniques to 
quantify the density and size-structure of fish popula-
tions. J Exp Mar Biol Ecol. 308(2):269–290. doi: 10.1016/j.
jembe.2004.03.004.

Elise S, Guilhaumon F, Mou-Tham G, Urbina-Barreto I, 
Vigliola L, Kulbicki M, Bruggemann JH. 2022. Combining 
passive acoustics and environmental data for scaling up 
ecosystem monitoring: a test on coral reef fishes. Rem 
Sens. 14(10):2394. doi: 10.3390/rs14102394.

Ellis DM, DeMartini EE. 1995. Evaluation of a video cam-
era technique for indexing abundances of juvenile pink 
snapper, Pristipomoides filamentosus, and other Hawaiian 
insular shelf fishes. Fish Bull. 93(1):67–77. https://spo.
nmfs.noaa.gov/sites/default/files/pdf-content/1995/931/
ellis.pdf

Emslie MJ, Cheal AJ, MacNeil MA, Miller IR, Sweatman 
HPA. 2018. Reef fish communities are spooked by scuba 
surveys and may take hours to recover. PeerJ. 6:e4886. 
doi: 10.7717/peerj.4886.

Endean R, Stablum W. 1973. The apparent extent of recov-
ery of reefs of Australia’s Great Barrier Reef devastated 
by the crown-of-thorns starfish. Atoll Res Bull. 168:1–26. 
doi: 10.5479/si.00775630.168.1.

Erzini K, Monteiro CC, Ribeiro J, Santos MN, Gaspar M, 
Monteiro P, Borges TC. 1997. An experimental study of 
gill net and trammel net ‘ghost fishing’ off the Algarve 
(southern Portugal). Mar Ecol Prog Ser. 158:257–265. 
doi: 10.3354/meps158257.

Espinoza M, Farrugia TJ, Webber DM, Smith F, Lowe CG. 
2011. Testing a new acoustic telemetry technique to 
quantify long-term, fine-scale movements of aquatic an-
imals. Fish Res. 108(2–3):364–371. doi: 10.1016/j.fish-
res.2011.01.011.

Espriella MC, Lecours V, Camp EV, Lassiter HA, Wilkinson 
B, Frederick PC, Pittman SJ. 2023. Drone lidar-derived 
surface complexity metrics as indicators of intertidal oys-
ter reef condition. Ecol Indicat. 150:110190. doi: 10.1016/j.
ecolind.2023.110190.

Evans TM, Rudstam LG, Sethi SA, Warner DM, Hanson 
SD, Turschak B, Farha SA, Barnard AR, Yule DL, DuFour 
MR, et  al. 2023. Fish avoidance of ships during acoustic 
surveys tested with quiet uncrewed surface vessels. Fish 
Res. 267:106817. doi: 10.1016/j.fishres.2023.106817.

Evans TM, Rudstam LG, Sethi SA, Yule DL, Warner DM, 
Farha SA, Barnard AR, DuFour MR, O’Brien TP, 
Nasworthy KC, et  al. 2024. Paired comparisons with qui-
et surface drones show evidence of fish behavioral re-
sponse to motorized vessels during acoustic surveys in 
Lake Superior. Can J Fish Aquat Sci. 81(12):1740–1751. 
doi: 10.1139/cjfas-2024-0087.

Faunce CH, Serafy JE. 2006. Mangroves as fish habitat: 50 
years of field studies. Mar Ecol Prog Ser. 318:1–18. doi: 
10.3354/meps318001.

Feng Y, Wei Y, Sun S, Liu J, An D, Wang J. 2023. Fish 
abundance estimation from multi- beam sonar by im-
proved MCNN. Aquat Ecol. 57(4):895–911. doi: 10.1007/
s10452-023-10007-z.

Fernández AP, Marques V, Fopp F, Juhel JB, Borrero‐Pérez 
GH, Cheutin MC, Dejean T, Corredor JDG, 
Acosta-Chaparro A, Hocdé R, et  al. 2021. Comparing 
environmental DNA metabarcoding and underwater vi-
sual census to monitor tropical reef fishes. Environ DNA. 
3(1):142–156. doi: 10.1002/edn3.140.

Figueroa-Pico J, Carpio AJ, Tortosa FS. 2020. Turbidity: a 
key factor in the estimation of fish species richness and 
abundance in the rocky reefs of Ecuador. Ecol Indic. 
111:106021. doi: 10.1016/j.ecolind.2019.106021.

Fine ML, Winn HE, Olla B. 1977. Communication in fish-
es. In: Sebok T, editor. How animals communicate. 
Bloomington (IN): Indiana University Press. p. 472–518. 
doi: 10.2979/HowAnimalsCommunicat.

https://doi.org/10.3389/fmars.2020.603438
https://doi.org/10.3389/fmars.2020.603438
https://doi.org/10.1007/s00338-017-1618-1
https://doi.org/10.1007/s00338-017-1618-1
https://doi.org/10.1093/icesjms/fsaa232
https://doi.org/10.1071/PC19019
https://doi.org/10.1371/journal.pone.0041538
https://doi.org/10.1017/S0376892902000127
https://doi.org/10.1007/s00442-015-3280-z
https://academic.oup.com/fisheries/article-abstract/4/6/1/7884164?redirectedFrom=PDF
https://academic.oup.com/fisheries/article-abstract/4/6/1/7884164?redirectedFrom=PDF
https://academic.oup.com/fisheries/article-abstract/4/6/1/7884164?redirectedFrom=PDF
https://doi.org/10.1126/science.245.4914.170
https://doi.org/10.1126/science.245.4914.170
https://doi.org/10.3354/meps07623
https://doi.org/10.1071/MF22081
https://doi.org/10.1016/B978-0-08-092551-6.50023-4
https://doi.org/10.1016/B978-0-08-092551-6.50023-4
https://doi.org/10.3354/meps14219
https://doi.org/10.1016/j.jembe.2004.03.004
https://doi.org/10.1016/j.jembe.2004.03.004
https://doi.org/10.3390/rs14102394
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/1995/931/ellis.pdf
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/1995/931/ellis.pdf
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/1995/931/ellis.pdf
https://doi.org/10.7717/peerj.4886
https://doi.org/10.5479/si.00775630.168.1
https://doi.org/10.3354/meps158257
https://doi.org/10.1016/j.fishres.2011.01.011
https://doi.org/10.1016/j.fishres.2011.01.011
https://doi.org/10.1016/j.ecolind.2023.110190
https://doi.org/10.1016/j.ecolind.2023.110190
https://doi.org/10.1016/j.fishres.2023.106817
https://doi.org/10.1139/cjfas-2024-0087
https://doi.org/10.3354/meps318001
https://doi.org/10.1007/s10452-023-10007-z
https://doi.org/10.1007/s10452-023-10007-z
https://doi.org/10.1002/edn3.140
https://doi.org/10.1016/j.ecolind.2019.106021
https://doi.org/10.2979/HowAnimalsCommunicat


26 N. M. BACHELER

Fonteneau A, Gaertner D, Nordstrom V. 1999. An overview 
of problems in the CPUE - abundance relationship for 
the tropical purse seine fisheries. Coll Vol Sci Pap ICCAT. 
49(3):259–276. https://horizon.documentation.ird.fr/
exl-doc/pleins_textes/divers14-02/010045940.pdf

Fosså JH, Mortensen PB, Furevik DM. 2002. The deep-water 
coral Lophelia pertusa in Norwegian waters: distribution 
and fishery impacts. Hydrobiologia. 471(1–3):1–12. doi: 
10.1023/A:1016504430684.

Freiwald A, Fosså JH, Grehan A, Koslow T, Roberts JM. 
2004. Cold-water coral reefs: out of sight – no longer 
out of mind. Cambridge: Unep-Wcmc.

French B, Wilson S, Holmes T, Kendrick A, Rule M, Ryan N. 
2021. Comparing five methods for quantifying abundance 
and diversity of fish assemblages in seagrass habitat. Ecol 
Indicators. 124:107415. doi: 10.1016/j.ecolind.2021.107415.

Fulton CJ, Berkström C, Wilson SK, Abesamis RA, Bradley 
M, Åkerlund C, Barrett LT, Bucol AA, Chacin DH, 
Chong‐Seng KM, et  al. 2020. Macroalgal meadow habi-
tats support fish and fisheries in diverse tropical sea-
scapes. Fish Fish. 21(4):700–717. doi: 10.1111/faf.12455.

Galaiduk R, Radford BT, Wilson SK, Harvey ES. 2017. 
Comparing two remote video survey methods for spatial 
predictions of the distribution and environmental niche 
suitability of demersal fishes. Sci Rep. 7(1):17633. doi: 
10.1038/s41598-017-17946-2.

Ganie PA, Khatei A, Posti R, Sidiq MJ, Pandey PK. 2025. 
Unmanned aerial vehicles in fisheries and aquaculture: 
a comprehensive overview. Environ Monit Assess. 
197(5):503. doi: 10.1007/s10661-025-13920-y.

Gannon DP. 2003. Behavioral ecology of an acoustically 
mediated predator–prey system: bottlenose dolphins and 
sciaenid fishes [dissertation]. Durham: Duke University.

Gannon DP. 2008. Passive acoustic techniques in fisheries 
science: a review and prospectus. Trans Am Fish Soc. 
137(2):638–656. doi: 10.1577/T04-142.1.

Gerlotto F, Soria M, Fréon P. 1999. From two dimensions 
to three: the use of multibeam sonar for a new approach 
in fisheries acoustics. Can J Fish Aquat Sci. 56(1):6–12. 
doi: 10.1139/f98-138.

Gibson-Reinemer DK, Ickes BS, Chick JH. 2017. 
Development and assessment of a new method for com-
bining catch per unit effort data from different fish sam-
pling gears: multigear mean standardization (MGMS). 
Can J Fish Aquat Sci. 74(1):8–14. doi: 10.1139/
cjfas-2016-0003.

Godø OR, Huse R, Michalsen K. 1997. Bait defence be-
haviour of wolffish and its impact on long-line catch 
rates. ICES J Mar Sci. 54(2):273–275. doi: 10.1006/
jmsc.1996.0167.

Godø OR, Michalsen K. 2000. Migratory behaviour of 
north-east Arctic cod, studied by use of data storage tags. 
Fish Res. 48(2):127–140. doi: 10.1016/S0165-7836(00)00177-6.

Goethel DR, Omori KL, Punt AE, Lynch PD, Berger AM, 
de Moor CL, Plagányi ÉE, Cope JM, Dowling NA, 
McGarvey R, et  al. 2023. Oceans of plenty? Challenges, 
advancements, and future directions for the provision of 
evidence-based fisheries management advice. Rev Fish 
Biol Fish. 33(2):375–410. doi: 10.1007/s11160-022-09726-7.

Goldberg L, Lagomasino D, Thomas N, Fatoyinbo T. 2020. 
Global declines in human‐driven mangrove loss. Glob 
Chang Biol. 26(10):5844–5855. doi: 10.1111/gcb.15275.

Grant GC, Radomski P, Anderson CS. 2004. Using under-
water video to directly estimate gear selectivity: the re-
tention probability for walleye (Sander vitreus) in gill 
nets. Can J Fish Aquat Sci. 61(2):168–174. doi: 10.1139/
f03-166.

Greene HG. 2015. Habitat characterization of a tidal ener-
gy site using an ROV: overcoming difficulties in a harsh 
environment. Continent Shelf Res. 106:85–96. doi: 
10.1016/j.csr.2015.06.011.

Greene CH, Meyer-Gutbrod EL, McGarry LP, Hufnagle LC, 
JrChu D, McClatchie S, Packer A, Jung JB, Acker T, Dorn 
H, et  al. 2014. A wave glider approach to fisheries acous-
tics: transforming how we monitor the nation’s commer-
cial fisheries in the 21st century. Oceanograph. 27(4):168–
174. doi: 10.5670/oceanog.2014.82.

Gres M, Hüne M, Baldanzi S, Pérez-Matus A, Landaeta MF. 
2024. Temperate rocky reef fish community patterns in a 
coastal marine protected area (MPA) from northern Chile, 
utilizing remote underwater video cameras (RUVs). Reg 
Stud Mar Sci. 69:103305. doi: 10.1016/j.rsma.2023.103305.

Grimes CE, Morley JW, Richie DN, McMains AR. 2024. 
Fish abundance is enhanced within a network of artificial 
reefs in a large estuary. Front Mar Sci. 11:1459277. doi: 
10.3389/fmars.2024.1459277.

Groves PA, Alcorn B, Wiest MM, Maselko JM, Connor WP. 
2017. Testing unmanned aircraft systems for salmon 
spawning surveys. Facets. 1(1):187–204. doi: 10.1139/
facets-2016-0019.

Guest MA, Connolly RM, Loneragan NR. 2003. Seine nets 
and beam trawls compared by day and night for sampling 
fish and crustaceans in shallow seagrass habitat. Fish Res. 
64(2–3):185–196. doi: 10.1016/S0165-7836(03)00109-7.

Gugele SM, Widmer M, Baer J, DeWeber JT, Balk H, 
Brinker A. 2021. Differentiation of two swim bladdered 
fish species using next generation wideband hydroacous-
tics. Sci Rep. 11(1):10520. doi: 10.1038/s41598-021-89941-7.

Gunderson DR. 1993. Surveys of fishery resources. New 
York (NY): John Wiley and Sons.

Guri G, Shelton AO, Kelly RP, Yoccoz N, Johansen T, 
Præbel K, Hanebrekke T, Ray JL, Fall J, Westgaard JI. 
2024. Predicting trawl catches using environmental DNA. 
ICES J Mar Sci. 81(8):1536–1548. doi: 10.1093/icesjms/
fsae097.

Gurshin CW, Howell WH, Jech JM. 2013. Synoptic acous-
tic and trawl surveys of spring-spawning Atlantic cod in 
the Gulf of Maine cod spawning protection area. Fish 
Res. 141:44–61. doi: 10.1016/j.fishres.2012.09.018.

Gwinn DC, Bacheler NM, Shertzer KW. 2019. Integrating 
underwater video into traditional fisheries indices using 
a hierarchical formulation of a state-space model. Fish 
Res. 219:105309. doi: 10.1016/j.fishres.2019.105309.

Hagen J, Baxter JS. 2005. Accuracy of diver counts of flu-
vial rainbow trout relative to horizontal underwater vis-
ibility. N Am J Fish Manag. 25(4):1367–1377. doi: 
10.1577/M04-029.1.

Hamley JM. 1975. Review of gillnet selectivity. J Fish Res 
Bd Can. 32(11):1943–1969. doi: 10.1139/f75-233.

Handegard NO, De Robertis A, Holmin AJ, Johnsen E, 
Lawrence J, Le Bouffant N, O’Driscoll R, Peddie D, Pedersen 
G, Priou P, et  al. 2024. Uncrewed surface vehicles (USVs) 
as platforms for fisheries and plankton acoustics. ICES J 
Mar Sci. 81(9):1712–1723. doi: 10.1093/icesjms/fsae130.

https://horizon.documentation.ird.fr/exl-doc/pleins_textes/divers14-02/010045940.pdf
https://horizon.documentation.ird.fr/exl-doc/pleins_textes/divers14-02/010045940.pdf
https://doi.org/10.1023/A:1016504430684
https://doi.org/10.1016/j.ecolind.2021.107415
https://doi.org/10.1111/faf.12455
https://doi.org/10.1038/s41598-017-17946-2
https://doi.org/10.1007/s10661-025-13920-y
https://doi.org/10.1577/T04-142.1
https://doi.org/10.1139/f98-138
https://doi.org/10.1139/cjfas-2016-0003
https://doi.org/10.1139/cjfas-2016-0003
https://doi.org/10.1006/jmsc.1996.0167
https://doi.org/10.1006/jmsc.1996.0167
https://doi.org/10.1016/S0165-7836(00)00177-6
https://doi.org/10.1007/s11160-022-09726-7
https://doi.org/10.1111/gcb.15275
https://doi.org/10.1139/f03-166
https://doi.org/10.1139/f03-166
https://doi.org/10.1016/j.csr.2015.06.011
https://doi.org/10.5670/oceanog.2014.82
https://doi.org/10.1016/j.rsma.2023.103305
https://doi.org/10.3389/fmars.2024.1459277
https://doi.org/10.1139/facets-2016-0019
https://doi.org/10.1139/facets-2016-0019
https://doi.org/10.1016/S0165-7836(03)00109-7
https://doi.org/10.1038/s41598-021-89941-7
https://doi.org/10.1093/icesjms/fsae097
https://doi.org/10.1093/icesjms/fsae097
https://doi.org/10.1016/j.fishres.2012.09.018
https://doi.org/10.1016/j.fishres.2019.105309
https://doi.org/10.1577/M04-029.1
https://doi.org/10.1139/f75-233
https://doi.org/10.1093/icesjms/fsae130


Reviews in Fisheries Science & Aquaculture 27

Hannah RW, Blume MT. 2014. The influence of bait and 
stereo video on the performance of a video lander as a 
survey tool for marine demersal reef fishes in Oregon 
waters. Mar Coast Fish. 6(1):181–189. doi: 10.1080/ 
19425120.2014.920745.

Hardinge J, Harvey ES, Saunders BJ, Newman SJ. 2013. A 
little bait goes a long way: the influence of bait quanti-
ty on a temperate fish assemblage sampled using 
stereo-BRUVs. J Exp Mar Biol and Ecol. 449:250–260. 
doi: 10.1016/j.jembe.2013.09.018.

Harmelin‐Vivien ML, Francour P. 1992. Trawling or visual 
censuses? Methodological bias in the assessment of fish 
populations in seagrass beds. Mar Ecol. 13(1):41–51. doi: 
10.1111/j.1439-0485.1992.tb00338.x.

Harms JH, Wallace JR, Stewart IJ. IJ. 2010. Analysis of 
fishery-independent hook and line-based data for use in 
the stock assessment of bocaccio rockfish (Sebastes pau-
cispinis). Fish Res. 106(3):298–309. doi: 10.1016/j.fish-
res.2010.08.010.

Harris JM, Nelson JA, Rieucau G, Broussard Iii WP. 2019. 
Use of drones in fishery science. Trans Am Fish Soc. 
148(4):687–697. doi: 10.1002/tafs.10168.

Harvey ES, Cappo M, Butler JJ, Hall N, Kendrick GA. 2007. 
Bait attraction affects the performance of remote underwater 
video stations in assessment of demersal fish community struc-
ture. Mar Ecol Prog Ser. 350:245–254. doi: 10.3354/meps07192.

Harvey E, Fletcher D, Shortis M. 2001. A comparison of 
the precision and accuracy of estimates of reef-fish 
lengths determined visually by divers with estimates pro-
duced by a stereo-video system. Fish Bull. 99(1):63–63. 
h t t p s : / / s p o . n m f s . n o a a . g o v / s i t e s / d e f a u l t / f i l e s /
pdf-content/2001/991/Harvey.pdf

Harvey E, Fletcher D, Shortis MR, Kendrick GA. 2004. A 
comparison of underwater visual distance estimates made 
by scuba divers and a stereo-video system: implications 
for underwater visual census of reef fish abundance. Mar 
Freshwater Res. 55(6):573–580. doi: 10.1071/MF03130.

Harvey ES, Newman SJ, McLean DL, Cappo M, Meeuwig 
JJ, Skepper CL. 2012. Comparison of the relative efficien-
cies of stereo-BRUVs and traps for sampling tropical 
continental shelf demersal fishes. Fish Res. 125–126:108–
120. doi: 10.1016/j.fishres.2012.01.026.

Harvey ES, Shortis MR. 1998. Calibration stability of an 
underwater stereo-video system: implications for measure-
ment accuracy and precision. Mar Tech Soc J. 32(2):3–17. 
https://citeseerx.ist.psu.edu/document?repid=rep1&-
t y p e = p d f & d o i = f d 0 e 9 2 6 8 3 d b 4 5 d 2 a 7 c 8 d 1 9 4 1 c e -
45159649867a9b

Hawkins LA, Parsons MJ, McCauley RD, Parnum IM, Erbe 
C. 2025. Passive acoustic monitoring of fish choruses: a 
review to inform the development of a monitoring and 
management tool. Rev Fish Biol Fisheries. 35(2):847–874. 
doi: 10.1007/s11160-025-09936-9.

Heifetz J, Stone RP, Shotwell SK. 2009. Damage and dis-
turbance to coral and sponge habitat of the Aleutian 
Archipelago. Mar Ecol Prog Ser. 397:295–303. doi: 
10.3354/meps08304.

Helfman GS, Collette BB, Facey DE, Bowen BW. 2009. The 
diversity of fishes: biology, evolution, and ecology. 
Hoboken (NJ): Wiley-Blackwell.

Hellmrich LS, Saunders BJ, Parker JR, Goetze JS, Harvey 
ES. 2023. Stereo-ROV surveys of tropical reef fishes are 

comparable to stereo-DOVs with reduced behavioural 
biases. Estuar Coast Shelf Sci. 281:108210. doi: 10.1016/j.
ecss.2022.108210.

Hemery LG, Mackereth KF, Gunn CM, Pablo EB. 2022. Use 
of a 360-degree underwater camera to characterize artificial 
reef and fish aggregating effects around marine energy 
devices. JMSE. 10(5):555. doi: 10.3390/jmse10050555.

Hemminga MA, Duarte CM. 2000. Seagrass ecology. 
Cambridge: Cambridge University Press. doi: 10.1017/
CBO9780511525551.

Henderson AC, Smith C, Bruns S. 2022. Fussy eaters, bait 
loss and escapees: how reliable are baited-hook assess-
ments of shark abundance in shallow, coastal waters? J 
Exper Mar Biol Ecol. 556:151794. doi: 10.1016/j.jem-
be.2022.151794.

Hightower JE, Jackson JR, Pollock KH. 2001. Use of telem-
etry models to estimate natural and fishing mortality of 
striped bass in Lake Gaston, North Carolina. Trans Am 
F i s h  S o c .  1 3 0 ( 4 ) : 5 5 7 – 5 6 7 .  d o i : 
10.1577/1548-659(2001)130<0557:UOTMTE>2.0.CO;2.

Hilborn R, Walters CJ. 1992. Quantitative fisheries stock 
assessment: choice, dynamics and uncertainty. Dordrecht, 
the Netherlands: Springer Science + Business Media.

Hillary RM, Bravington MV, Patterson TA, Grewe P, 
Bradford R, Feutry P, Gunasekera R, Peddemors V, Werry 
J, Francis MP, et  al. 2018. Genetic relatedness reveals 
total population size of white sharks in eastern Australia 
and New Zealand. Sci Rep. 8(1):2661. doi: 10.1038/
s41598-018-20593-w.

Holmin AJ, Handegard NO, Korneliussen RJ, Tjøstheim D. 
2012. Simulations of multi-beam sonar echos from 
schooling individual fish in a quiet environment. J Acoust 
Soc Am. 132(6):3720–3734. doi: 10.1121/1.4763981.

Horne JK. 2000. Acoustic approaches to remote species 
identification: a review. Fish Oceanogr. 9(4):356–371. doi: 
10.1046/j.1365-2419.2000.00143.x.

Hoshino E, Milner-Gulland EJ, Hillary RM. 2012. 
Bioeconomic adaptive management procedures for 
short-lived species: a case study of Pacific saury (Cololabis 
saira) and Japanese common squid (Todarodes pacificus). 
Fish Res. 121–122:17–30. doi: 10.1016/j.fishres.2012.01.007.

Hughes TP, Bellwood DR, Connolly SR. 2002. Biodiversity 
hotspots, centres of endemicity, and the conservation of 
coral  reefs .  Ecol  Lett .  5(6) :775–784.  doi : 
10.1046/j.1461-0248.2002.00383.x.

Hutchings P, Saenger P. 1987. Ecology of mangroves. St. 
Lucia, Australia: University of Queensland Press.

Huvenne VAI, Tyler PA, Masson DG, Fisher EH, Hauton 
C, Hühnerbach V, Le Bas TP, Wolff GA. 2011. A picture 
on the wall: innovative mapping reveals cold-water cor-
al refuge in submarine canyon. PLoS One. 6(12):e28755. 
doi: 10.1371/journal.pone.0028755.

Hyun SY, Reynolds JH, Galbreath PF. 2012. Accounting for 
tag loss and its uncertainty in a mark–recapture study 
with a mixture of single and double tags. Trans Am Fish 
Soc. 141(1):11–25. doi: 10.1080/00028487.2011.639263.

Ilich AR, Brizzolara JL, Grasty SE, Gray JW, Hommeyer 
M, Lembke C, Locker SD, Silverman A, Switzer TS, 
Vivlamore A, et  al. 2021. Integrating towed underwater 
video and multibeam acoustics for marine benthic hab-
itat mapping and fish population estimation. Geosciences. 
11(4):176. doi: 10.3390/geosciences11040176.

https://doi.org/10.1080/19425120.2014.920745
https://doi.org/10.1080/19425120.2014.920745
https://doi.org/10.1016/j.jembe.2013.09.018
https://doi.org/10.1111/j.1439-0485.1992.tb00338.x
https://doi.org/10.1016/j.fishres.2010.08.010
https://doi.org/10.1016/j.fishres.2010.08.010
https://doi.org/10.1002/tafs.10168
https://doi.org/10.3354/meps07192
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/2001/991/Harvey.pdf
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/2001/991/Harvey.pdf
https://doi.org/10.1071/MF03130
https://doi.org/10.1016/j.fishres.2012.01.026
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=fd0e92683db45d2a7c8d1941ce45159649867a9b
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=fd0e92683db45d2a7c8d1941ce45159649867a9b
https://citeseerx.ist.psu.edu/document?repid=rep1&type=pdf&doi=fd0e92683db45d2a7c8d1941ce45159649867a9b
https://doi.org/10.1007/s11160-025-09936-9
https://doi.org/10.3354/meps08304
https://doi.org/10.1016/j.ecss.2022.108210
https://doi.org/10.1016/j.ecss.2022.108210
https://doi.org/10.3390/jmse10050555
https://doi.org/10.1017/CBO9780511525551
https://doi.org/10.1017/CBO9780511525551
https://doi.org/10.1016/j.jembe.2022.151794
https://doi.org/10.1016/j.jembe.2022.151794
https://doi.org/10.1577/1548-659(2001)130<0557:UOTMTE>2.0.CO;2
https://doi.org/10.1038/s41598-018-20593-w
https://doi.org/10.1038/s41598-018-20593-w
https://doi.org/10.1121/1.4763981
https://doi.org/10.1046/j.1365-2419.2000.00143.x
https://doi.org/10.1016/j.fishres.2012.01.007
https://doi.org/10.1046/j.1461-0248.2002.00383.x
https://doi.org/10.1371/journal.pone.0028755
https://doi.org/10.1080/00028487.2011.639263
https://doi.org/10.3390/geosciences11040176


28 N. M. BACHELER

Jennings S, Kaiser M, Reynolds JD. 2009. Marine fisheries 
ecology. Oxford: Blackwell.

Jones ST, Asher JM, Boland RC, Kanenaka BK, Weng KC. 
2020. Fish biodiversity patterns of a mesophotic-to-sub-
photic artificial reef complex and comparisons with nat-
ural substrates. PLoS One. 15(4):e0231668. doi: 10.1371/
journal.pone.0231668.

Jones DO, Bett BJ, Wynn RB, Masson DG. 2009. The use of 
towed camera platforms in deep-water science. UW Tech 
Int J Soc UW Technol. 28(2):41–50. doi: 10.3723/ut.28.041.

Jones RE, Griffin RA, Unsworth RK. 2021. Adaptive 
Resolution Imaging Sonar (ARIS) as a tool for marine 
fish identification. Fish Res. 243:106092. doi: 10.1016/j.
fishres.2021.106092.

Jones DT, Wilson CD, De Robertis A, Rooper CN, Weber 
TC, Butler JL. 2012. Evaluation of rockfish abundance in 
untrawlable habitat: combining acoustic and complemen-
tary sampling tools. Fish Bull. 110:332–343. https://spo.
nmfs.noaa.gov/sites/default/files/pdf-content/2012/1103/
jones.pdf

Kaatz IM. 2002. Multiple sound-producing mechanisms in 
teleost fishes and hypotheses regarding their behavioural 
significance. Bioacoustics. 12(2–3):230–233. doi: 
10.1080/09524622.2002.9753705.

Kaiser MJ, Collie JS, Hall SJ, Jennings S, Poiner IR. 2002. 
Modification of marine habitats by trawling activities: 
prognosis and solutions. Fish Fish. 3(2):114–136. doi: 
10.1046/j.1467-2979.2002.00079.x.

Karnauskas M, Babcock EA. 2012. Comparisons between 
abundance estimates from underwater visual census and 
catch-per-unit-effort in a patch reef system. Mar Ecol 
Prog Ser. 468:217–230. doi: 10.3354/meps10007.

Katsanevakis S, Weber A, Pipitone C, Leopold M, Cronin 
M, Scheidat M, Doyle TK, Buhl- Mortensen L, 
Buhl-Mortensen P, D’Anna G, et  al. 2012. Monitoring 
marine populations and communities: methods dealing 
with imperfect detectability. Aquat Biol. 16(1):31–52.  
doi: 10.3354/ab00426.

Kenny AJ, Cato I, Desprez M, Fader G, Schüttenhelm RTE, 
Side J. 2003. An overview of seabed-mapping technolo-
gies in the context of marine habitat classification. ICES 
J Mar Sci. 60(2):411–418. doi: 10.1016/S1054-3139(03) 
00006-7.

Kilpatrick R, Ewing G, Lamb T, Welsford D, Constable A. 
2011. Autonomous video camera system for monitoring 
impacts to benthic habitats from demersal fishing gear, 
including longlines. Deep Sea Res I: Oceanogr Res Pap. 
58(4):486–491. doi: 10.1016/j.dsr.2011.02.006.

Kimura DK, Somerton DA. 2006. Review of statistical as-
pects of survey sampling for marine fisheries. Rev Fish 
Sci. 14(3):245–283. doi: 10.1080/10641260600621761.

Kiszka JJ, Mourier J, Gastrich K, Heithaus MR. 2016. Using 
unmanned aerial vehicles (UAVs) to investigate shark 
and ray densities in a shallow coral lagoon. Mar Ecol 
Prog Ser. 560:237–242. doi: 10.3354/meps11945.

Kohler J, Gore M, Ormond R, Austin T. 2023. First esti-
mates of population size and home range of Caribbean 
reef and nurse sharks using photo-identification and 
BRUVS. Front Mar Sci. 10:1230896. doi: 10.3389/
fmars.2023.1230896.

Komiyama S, Holmin AJ, Pedersen G, Johnsen E. 2025. 
Silent uncrewed surface vehicles reveal the diurnal ver-

tical distribution of lesser sandeel. ICES J Mar Sci. 
82(2):fsae159. doi: 10.1093/icesjms/fsae159.

Komyakova V, Munday PL, Jones GP. 2013. Relative im-
portance of coral cover, habitat complexity and diversity 
in determining the structure of reef fish communities. 
PLoS One. 8(12):e83178. doi: 10.1371/journal.
pone.0083178.

Korneliussen RJ, Heggelund Y, Eliassen IK, Øye OK, 
Knutsen T, Dalen J. 2009. Combining multibeam-sonar 
and multifrequency-echosounder data: examples of the 
analysis and imaging of large euphausiid schools. ICES 
J Mar Sci. 66(6):991–997. doi: 10.1093/icesjms/fsp092.

Krupp F, Horn M. 2008. Earth: the sequel: the race to 
reinvent energy and stop global warming. New York 
(NY): Norton and Company.

Kuriyama PT, Branch TA, Hicks AC, Harms JH, Hamel OS. 
2019. Investigating three sources of bias in hook-and-line 
surveys: survey design, gear saturation, and multispecies 
interactions. Can J Fish Aquat Sci. 76(2):192–207. doi: 
10.1139/cjfas-2017-0286.

Ladich F. 2004. Sound production and acoustic communi-
cation. In: Von Der Emde G, Mogdans J, Kapoor BG, 
editors. The senses of fish: adaptations for the reception 
of natural stimuli. Dordrecht, the Netherlands: Springer. 
p. 210–230. doi: 10.1007/978-94-007-1060-3_10.

Laegdsgaard P, Johnson C. 2001. Why do juvenile fish uti-
lise mangrove habitats? J Exp Mar Biol Ecol. 257(2):229–
253. doi: 10.1016/S0022-0981(00)00331-2.

Lafferty KD, Garcia‐Vedrenne AE, McLaughlin JP, Childress 
JN, Morse MF, Jerde CL. 2021. At Palmyra Atoll, the 
fish‐community environmental DNA signal changes 
across habitats but not with tides. J Fish Biol. 98(2):415–
425. doi: 10.1111/jfb.14403.

Laidig TE, Krigsman LM, Yoklavich MM. 2013. Reactions 
of fishes to two underwater survey tools, a manned sub-
mersible and a remotely operated vehicle. Fish Bull. 
111(1):54–67. https://spo.nmfs.noaa.gov/sites/default/files/
laidig.pdf

Lawson KM, Ridgway JL, Mueller AT, Faulkner JD, Calfee 
RD. 2020. Semiautomated process for enumeration of fish-
es from recreational‐grade side‐scan sonar imagery. Am 
J Fish Manag N. 40(1):75–83. doi: 10.1002/nafm.10373.

Layman CA, Allgeier JE, Lemasson A. 2020. An ecosystem 
ecology perspective on artificial reef production. J Appl 
Ecol. 57(11):2139–2148. doi: 10.1111/1365-2664.13748.

Layman CA, Allgeier JE, Montaña CG. 2016. Mechanistic 
evidence of enhanced production on artificial reefs: a 
case study in a Bahamian seagrass ecosystem. Ecol Eng. 
95:574–579. doi: 10.1016/j.ecoleng.2016.06.109.

Lees KJ, Mill AC, Skerritt DJ, Robertson PA, Fitzsimmons 
C. 2018. Movement patterns of a commercially important, 
free-ranging marine invertebrate in the vicinity of a bait 
source. Anim Biotelem. 6:8. doi: 10.1186/s40317-018- 
0152-4.

Lembke C, Grasty S, Silverman A, Broadbent H, Butcher 
S, Murawski S. 2017. The Camera- Based Assessment 
Survey System (C-BASS): a towed camera platform for 
reef fish abundance surveys and benthic habitat charac-
terization in the Gulf of Mexico. Cont Shelf Res. 151:62–
71. doi: 10.1016/j.csr.2017.10.010.

Lembke C, Lowerre-Barbieri S, Mann D, Taylor JC. 2018. 
Using three acoustic technologies on underwater gliders 

https://doi.org/10.1371/journal.pone.0231668
https://doi.org/10.1371/journal.pone.0231668
https://doi.org/10.3723/ut.28.041
https://doi.org/10.1016/j.fishres.2021.106092
https://doi.org/10.1016/j.fishres.2021.106092
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/2012/1103/jones.pdf
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/2012/1103/jones.pdf
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/2012/1103/jones.pdf
https://doi.org/10.1080/09524622.2002.9753705
https://doi.org/10.1046/j.1467-2979.2002.00079.x
https://doi.org/10.3354/meps10007
https://doi.org/10.3354/ab00426
https://doi.org/10.1016/S1054-3139(03)00006-7
https://doi.org/10.1016/S1054-3139(03)00006-7
https://doi.org/10.1016/j.dsr.2011.02.006
https://doi.org/10.1080/10641260600621761
https://doi.org/10.3354/meps11945
https://doi.org/10.3389/fmars.2023.1230896
https://doi.org/10.3389/fmars.2023.1230896
https://doi.org/10.1093/icesjms/fsae159
https://doi.org/10.1371/journal.pone.0083178
https://doi.org/10.1371/journal.pone.0083178
https://doi.org/10.1093/icesjms/fsp092
https://doi.org/10.1139/cjfas-2017-0286
https://doi.org/10.1007/978-94-007-1060-3_10
https://doi.org/10.1016/S0022-0981(00)00331-2
https://doi.org/10.1111/jfb.14403
https://spo.nmfs.noaa.gov/sites/default/files/laidig.pdf
https://spo.nmfs.noaa.gov/sites/default/files/laidig.pdf
https://doi.org/10.1002/nafm.10373
https://doi.org/10.1111/1365-2664.13748
https://doi.org/10.1016/j.ecoleng.2016.06.109
https://doi.org/10.1186/s40317-018-0152-4
https://doi.org/10.1186/s40317-018-0152-4
https://doi.org/10.1016/j.csr.2017.10.010


Reviews in Fisheries Science & Aquaculture 29

to survey fish. Mar Technol Soc J. 52(6):39–52. doi: 
10.4031/MTSJ.52.6.1.

Lennox RJ, Alós J, Arlinghaus R, Horodysky A, Klefoth T, 
Monk CT, Cooke SJ. 2017. What makes fish vulnerable 
to capture by hooks? A conceptual framework and a 
review of key determinants. Fish Fish. 18(5):986–1010. 
doi: 10.1111/faf.12219.

Lewis PN, Mavraki N. 2024. Biofouling prevention and 
management in the offshore oil and gas industry: best 
practices in biofouling management. Vol. 2. Paris: United 
Nations Educational, Scientific and Cultural Organization.

Liblik T, Karstensen J, Testor P, Alenius P, Hayes D, Ruiz 
S, Heywood KJ, Pouliquen S, Mortier L, Mauri E. 2016. 
Potential for an underwater glider component as part of 
the Global Ocean Observing System. Meth Oceanogr. 
17:50–82. doi: 10.1016/j.mio.2016.05.001.

Lin Y, Li J, Wang Z, Zhang S, Wang K, Li X. 2022. A com-
parison of fish diversity in rocky reef habitats by multi-mesh 
gillnets and environmental DNA metabarcoding. Front 
Ecol Evol. 10:874558. doi: 10.3389/fevo.2022.874558.

Lin TH, Tsao Y, Akamatsu T. 2018. Comparison of passive 
acoustic soniferous fish monitoring with supervised and 
unsupervised approaches. J Acoust Soc Am. 143(4):EL278–
EL284. doi: 10.1121/1.5034169.

Link JS, Demarest C. 2003. Trawl hangs, baby fish, and 
closed areas: a win–win scenario. ICES J Mar Sci. 
60(5):930–938. doi: 10.1016/S1054-3139(03)00131-0.

Lobel PS. 2002. Diversity of fish spawning sounds and 
the application of passive acoustic monitoring. 
Bioacoustics. 12(2–3):286–289. doi: 10.1080/09524622. 
2002.9753724.

Logan JM, Young MA, Harvey ES, Schimel AC, Ierodiaconou 
D. 2017. Combining underwater video methods improves 
effectiveness of demersal fish assemblage surveys across 
habitats. Mar Ecol Prog Ser. 582:181–200. doi: 10.3354/
meps12326.

Løkkeborg S, Humborstad OB, Jørgensen T, Soldal AV. 2002. 
Spatio-temporal variations in gillnet catch rates in the 
vicinity of North Sea oil platforms. ICES J Mar Sci. 
59(2):S294–S299. doi: 10.1006/jmsc.2002.1218.

López-González LA, Cruz-Motta JJ, Rosario A, Hanke M, 
Appeldoorn R. 2022. Comparison of underwater visual 
census (UVC), underwater remote video (RUV), and 
handline used by fisheries-independent programs to as-
sess reef fish. Carib J Sci. 52(2):307–330. doi: 10.18475/
cjos.v52i2.a13.

Love MS, Nishimoto MM, Clark S, Kui L, Aziz A, Palandro 
D. 2020. A comparison of two remotely operated vehicle 
(ROV) survey methods used to estimate fish assemblag-
es and densities around a California oil platform. PLoS 
One. 15(11):e0242017. doi: 10.1371/journal.pone.0242017.

Love MS, York A. 2005. A comparison of the fish assem-
blages associated with an oil/gas pipeline and adjacent 
seafloor in the Santa Barbara Channel, Southern 
California Bight. Bull Mar Sci. 77:101–117. https://love-
lab.msi.ucsb.edu/Love_and_York_2005.pdf

Lowry M, Folpp H, Gregson M, Mckenzie R. 2011. A com-
parison of methods for estimating fish assemblages as-
sociated with estuarine artificial reefs. Braz j Oceanogr. 
59:119–131. doi: 10.1590/S1679-87592011000500014.

Lucchetti A, Virgili M, Petetta A, Sartor P. 2020. An over-
view of gill net and trammel net size selectivity in the 

Mediterranean Sea. Fish Res. 230:105677. doi: 10.1016/j.
fishres.2020.105677.

Lucchetti A, Virgili M, Vasapollo C, Petetta A, Bargione G, 
Veli DL, Brĉic J, Sala A. 2021. An overview of bottom 
trawl selectivity in the Mediterranean Sea. Medit Mar 
Sci. 22(3):566–585. doi: 10.12681/mms.26969.

Luckenbach M, Mann RL, Wesson JA. 1999. Oyster reef 
habitat restoration: a synopsis and synthesis of approach-
es Proceedings from the symposium. April, 1995. 
Williamsburg (VI): Virginia Institute of Marine Science, 
William & Mary. doi: 10.21220/V5NK51.

Luckhurst BE, Luckhurst K. 1978. Analysis of the influence 
of substrate variables on coral reef fish communities. Mar 
Biol. 49(4):317–323. doi: 10.1007/BF00455026.

Luczkovich JJ, Mann DA, Rountree RA. 2008. Passive acous-
tics as a tool in fisheries science. Trans Am Fish Soc. 
137(2):533–541. doi: 10.1577/T06-258.1.

Luczkovich JJ, Sprague MW. 2022. Soundscape maps of 
soniferous fishes observed from a mobile glider. Front 
Mar Sci. 9:779540. doi: 10.3389/fmars.2022.779540.

Luo M, Ji Y, Warton D, Yu DW. 2023. Extracting abundance 
information from DNA‐based data. Mol Ecol Resour. 
23(1):174–189. doi: 10.1111/1755-0998.13703.

MacKenzie DI, Nichols JD, Lachman GB, Droege S, Royle 
JA, Langtimm CA. 2002. Estimating site occupancy rates 
when detection probabilities are less than one. Ecology. 
83(8):2248–2255. doi: 10.1890/0012-9658(2002)083 
[2248:ESORWD]2.0.CO;2.

MacNeil MA, Tyler EHM, Fonnesbeck CJ, Rushton SP, 
Polunin NVC, Conroy MJ. 2008. Accounting for detect-
ability in reef-fish biodiversity estimates. Mar Ecol Prog 
Ser. 367:249–260. doi: 10.3354/meps07580.

Macreadie PI, Fowler AM, Booth DJ. 2011. Rigs-to-reefs: 
will the deep sea benefit from artificial habitat? Front 
Ecol Environ. 9(8):455–461. doi: 10.1890/100112.

Macreadie PI, McLean DL, Thomson PG, Partridge JC, 
Jones DO, Gates AR, Benfield MC, Collin SP, Booth DJ, 
Smith LL, et  al. 2018. Eyes in the sea: unlocking the 
mysteries of the ocean using industrial, remotely oper-
ated vehicles (ROVs). Sci Total Environ. 634:1077–1091. 
doi: 10.1016/j.scitotenv.2018.04.049.

Madsen L, Royle JA. 2023. A review of N‐mixture models. 
WIREs Comput Stats. 15(6):e1625. doi: 10.1002/wics.1625.

Mallet D, Pelletier D. 2014. Underwater video techniques 
for observing coastal marine biodiversity: a review of 
sixty years of publications (1952–2012). Fish Res. 154:44–
62. doi: 10.1016/j.fishres.2014.01.019.

Mallet D, Wantiez L, Lemouellic S, Vigliola L, Pelletier D. 
2014. Complementarity of rotating video and underwater 
visual census for assessing species richness, frequency 
and density of reef fish on coral reef slopes. PLoS One. 
9(1):e84344. doi: 10.1371/journal.pone.0084344.

Mann DA, Hawkins AD, Jech JM. 2008. Active and passive 
acoustics to locate and study fish. In: Webb JF, Popper 
AN, Fay RR, editors. Fish bioacoustics. Dordrecht, the 
Ne t he r l ands :  Spr i nge r.  p.  2 7 9 – 3 0 9 .  d oi : 
10.1007/978-0-387-73029-5_9.

Maragos JE, Crosby MP, McManus JW. 1996. Coral reefs 
and biodiversity: a critical and threatened relationship. 
Oceanography. 9(1):83–99. doi: 10.5670/oceanog.1996.31.

Marcy‐Quay B, Sethi SA, Therkildsen NO, Kraft CE. 2020. 
Expanding the feasibility of fish and wildlife assessments 

https://doi.org/10.4031/MTSJ.52.6.1
https://doi.org/10.1111/faf.12219
https://doi.org/10.1016/j.mio.2016.05.001
https://doi.org/10.3389/fevo.2022.874558
https://doi.org/10.1121/1.5034169
https://doi.org/10.1016/S1054-3139(03)00131-0
https://doi.org/10.1080/09524622.2002.9753724
https://doi.org/10.1080/09524622.2002.9753724
https://doi.org/10.3354/meps12326
https://doi.org/10.3354/meps12326
https://doi.org/10.1006/jmsc.2002.1218
https://doi.org/10.18475/cjos.v52i2.a13
https://doi.org/10.18475/cjos.v52i2.a13
https://doi.org/10.1371/journal.pone.0242017
https://lovelab.msi.ucsb.edu/Love_and_York_2005.pdf
https://lovelab.msi.ucsb.edu/Love_and_York_2005.pdf
https://doi.org/10.1590/S1679-87592011000500014
https://doi.org/10.1016/j.fishres.2020.105677
https://doi.org/10.1016/j.fishres.2020.105677
https://doi.org/10.12681/mms.26969
https://doi.org/10.21220/V5NK51
https://doi.org/10.1007/BF00455026
https://doi.org/10.1577/T06-258.1
https://doi.org/10.3389/fmars.2022.779540
https://doi.org/10.1111/1755-0998.13703
https://doi.org/10.1890/0012-9658(2002)083[2248:ESORWD]2.0.CO;2
https://doi.org/10.1890/0012-9658(2002)083[2248:ESORWD]2.0.CO;2
https://doi.org/10.3354/meps07580
https://doi.org/10.1890/100112
https://doi.org/10.1016/j.scitotenv.2018.04.049
https://doi.org/10.1002/wics.1625
https://doi.org/10.1016/j.fishres.2014.01.019
https://doi.org/10.1371/journal.pone.0084344
https://doi.org/10.1007/978-0-387-73029-5_9
https://doi.org/10.5670/oceanog.1996.31


30 N. M. BACHELER

with close‐kin mark–recapture. Ecosphere. 11(10):e03259. 
doi: 10.1002/ecs2.3259.

Martignac F, Daroux A, Bagliniere JL, Ombredane D, 
Guillard J. 2015. The use of acoustic cameras in shallow 
waters: new hydroacoustic tools for monitoring migratory 
fish population. A review of DIDSON technology. Fish 
Fish. 16(3):486–510. doi: 10.1111/faf.12071.

Martínez-Baena F, Lanham BS, McLeod IM, Taylor MD, 
McOrrie S, Luongo A, Bishop MJ. 2022. Remnant oyster 
reefs as fish habitat within the estuarine seascape. Mar 
Environ Res. 179:105675. doi: 10.1016/j.marenvres.2022. 
105675.

Marzinelli EM, Williams SB, Babcock RC, Barrett NS, 
Johnson CR, Jordan A, Kendrick GA, Pizarro OR, Smale 
DA, Steinberg PD. 2015. Large-scale geographic variation 
in distribution and abundance of Australian deep-water 
kelp forests. PLoS One. 10(2):e0118390. doi: 10.1371/
journal.pone.0118390.

Maslin M, Louis S, Dejean KG, Lapierre L, Villéger S, 
Claverie T. 2021. Underwater robots provide similar fish 
biodiversity assessments as divers on coral reefs. Remote 
Sens Ecol Conserv. 7(4):567–578. doi: 10.1002/rse2.209.

Matsuoka T, Nakashima T, Nagasawa N. 2005. A review of 
ghost fishing: scientific approaches to evaluation and 
solutions.  Fisheries Sci.  71(4):691–702. doi: 
10.1111/j.1444-2906.2005.01019.x.

Matthews KE, Fields RT, Cieri KP, Mohay JL, Gleason MG, 
Starr RM. 2024. Stereo-video landers can rapidly assess 
marine fish diversity and community assemblages. Front 
Mar Sci. 11:1368083. doi: 10.3389/fmars.2024.1368083.

McClatchie S, Thorne RE, Grimes P, Hanchet S. 2000. 
Ground truth and target identification for fisheries acous-
tics. Fish Res. 47(2–3):173–191. doi: 10.1016/S0165-7836 
(00)00168-5.

McKenzie J, Parsons B, Seitz A, Kopf K, Mesa M, Phelps 
Q. 2012. Advances in fish tagging and marking technol
ogy. American Fisheries Society Symposium, Vol. 76. 
Bethesda, MD: American Fisheries Society. doi: 
10.47886/9781934874271.

McLean D, Cure K, Abdul Wahab MAA, Galaiduk R, Birt 
M, Vaughan B, Colquhoun J, Case M, Radford B, Stowar 
M, et  al. 2021. A comparison of marine communities 
along a subsea pipeline with those in surrounding seabed 
areas. Cont Shelf Res. 219:104394. doi: 10.1016/j.
csr.2021.104394.

McLean DL, Partridge JC, Bond T, Birt MJ, Bornt KR, 
Langlois TJ. 2017. Using industry ROV videos to assess 
fish associations with subsea pipelines. Cont Shelf Res. 
141:76–97. doi: 10.1016/j.csr.2017.05.006.

McGurrin JM, Stone RB, Sousa RJ. 1989. Profiling United 
States artificial reef development. Bull Mar Sci. 
44(2):1004–1013.

Meinig C, Burger EF, Cohen N, Cokelet ED, Cronin MF, 
Cross JN, de Halleux S, Jenkins R, Jessup AT, Mordy 
CW, et  al. 2019. Public–private partnerships to advance 
regional ocean-observing capabilities: a saildrone and 
NOAA-PMEL case study and future considerations to 
expand to global scale observing. Front Mar Sci. 6:448. 
doi: 10.3389/fmars.2019.00448.

Meyer DL, Fonseca MS, Murphey PL, Jr. Rh M, Byerly MM, 
LaCroix MW, Whitfield PE, Thayer GW. 1999. Effects of 
live-bait shrimp trawling on seagrass beds and fish bycatch 

in Tampa Bay, Florida. Fish Bull. 97(1):193–199. https://
spo.nmfs.noaa.gov/sites/default/files/18meyerf.pdf

Meyer-Gutbrod EL, Love MS, Schroeder DM, Claisse JT, 
Kui L, Miller RJ. 2020. Forecasting the legacy of offshore 
oil and gas platforms on fish community structure and 
productivity. Ecol Appl. 30(8):e02185. doi: 10.1002/
eap.2185.

Mineur F, Arenas F, Assis J, Davies AJ, Engelen AH, 
Fernandes F, Malta E, Thibaut T, Van Nguyen T, Vaz-Pinto 
F, et  al. 2015. European seaweeds under pressure: con-
sequences for communities and ecosystem functioning. 
J Sea Res. 98:91–108. doi: 10.1016/j.seares.2014.11.004.

Misund OA. 1997. Underwater acoustics in marine fisher-
ies and fisheries research. Rev Fish Biol Fish. 7:1–34. 
doi: 10.1023/A:1018476523423.

Misund OA, Aglen A. 1992. Swimming behaviour of fish 
schools in the North Sea during acoustic surveying and 
pelagic trawl sampling. ICES J Mar Sci. 49(3):325–334. 
doi: 10.1093/icesjms/49.3.325.

Mitchell WA, Kellison GT, Bacheler NM, Potts JC, Schobernd 
CM, Hale LF. 2014. Depth-related distribution of 
post-juvenile red snapper in southeastern U.S. Atlantic 
Ocean waters: ontogenetic patterns and implications for 
management. Mar Coast Fish. 6(1):142–155. doi: 
10.1080/19425120.2014.920743.

Mordy CW, Cokelet ED, De Robertis A, Jenkins R, Kuhn 
CE, Lawrence-Slavas N, Berchok CL, Crance JL, Sterling 
JT, Cross JN, et  al. 2017. Advances in ecosystem research: 
saildrone surveys of oceanography, fish, and marine 
mammals in the Bering Sea. Oceanography. 30(2):113–
115. doi: 10.5670/oceanog.2017.230.

Moursund RA, Carlson TJ, Peters RD. 2003. A fisheries 
application of a dual-frequency identification sonar acous-
tic camera. ICES J Mar Sci. 60(3):678–683. doi: 10.1016/
S1054-3139(03)00036-5.

Mumby PJ, Edwards AJ, Arias-González JE, Lindeman KC, 
Blackwell PG, Gall A, Gorczynska MI, Harborne AR, 
Pescod CL, Renken H, et  al. 2004. Mangroves enhance 
the biomass of coral reef fish communities in the 
Caribbean. Nature. 427(6974):533–536. doi: 10.1038/na-
ture02286.

Munro JL. 1974. The mode of operation of Antillean fish 
traps and the relationships between ingress, escapement, 
catch and soak. J Cons Int Explor Mer. 35(3):337–350. 
doi: 10.1093/icesjms/35.3.337.

Munro JL, Reeson PH, Gaut VC. 1971. Dynamic factors 
affecting the performance of the Antillean fish trap. Proc 
Gulf Carib Fish Inst. 23:184–194. https://core.ac.uk/down-
load/pdf/18310869.pdf

Munsch SH, Cordell JR, Toft JD. 2017. Effects of shoreline 
armouring and overwater structures on coastal and es-
tuarine fish: opportunities for habitat improvement. J 
Appl Ecol. 54(5):1373–1384. doi: 10.1111/1365-2664.12906.

Murphy HM, Jenkins GP. 2010. Observational methods used 
in marine spatial monitoring of fishes and associated 
habitats: a review. Mar Freshwater Res. 61(2):236–252. 
doi: 10.1071/MF09068.

Murray KT. 2009. Characteristics and magnitude of sea 
turtle bycatch in US mid-Atlantic gillnet gear. Endang 
Species Res. 8(3):211–224. doi: 10.3354/esr00211.

Nagelkerken I. 2007. Are non-estuarine mangroves connect-
ed to coral reefs through fish migration? Bull Mar Sci. 

https://doi.org/10.1002/ecs2.3259
https://doi.org/10.1111/faf.12071
https://doi.org/10.1016/j.marenvres.2022.105675
https://doi.org/10.1016/j.marenvres.2022.105675
https://doi.org/10.1371/journal.pone.0118390
https://doi.org/10.1371/journal.pone.0118390
https://doi.org/10.1002/rse2.209
https://doi.org/10.1111/j.1444-2906.2005.01019.x
https://doi.org/10.3389/fmars.2024.1368083
https://doi.org/10.1016/S0165-7836(00)00168-5
https://doi.org/10.1016/S0165-7836(00)00168-5
https://doi.org/10.47886/9781934874271
https://doi.org/10.1016/j.csr.2021.104394
https://doi.org/10.1016/j.csr.2021.104394
https://doi.org/10.1016/j.csr.2017.05.006
https://doi.org/10.3389/fmars.2019.00448
https://spo.nmfs.noaa.gov/sites/default/files/18meyerf.pdf
https://spo.nmfs.noaa.gov/sites/default/files/18meyerf.pdf
https://doi.org/10.1002/eap.2185
https://doi.org/10.1002/eap.2185
https://doi.org/10.1016/j.seares.2014.11.004
https://doi.org/10.1023/A:1018476523423
https://doi.org/10.1093/icesjms/49.3.325
https://doi.org/10.1080/19425120.2014.920743
https://doi.org/10.5670/oceanog.2017.230
https://doi.org/10.1016/S1054-3139(03)00036-5
https://doi.org/10.1016/S1054-3139(03)00036-5
https://doi.org/10.1038/nature02286
https://doi.org/10.1038/nature02286
https://doi.org/10.1093/icesjms/35.3.337
https://core.ac.uk/download/pdf/18310869.pdf
https://core.ac.uk/download/pdf/18310869.pdf
https://doi.org/10.1111/1365-2664.12906
https://doi.org/10.1071/MF09068
https://doi.org/10.3354/esr00211


Reviews in Fisheries Science & Aquaculture 31

80(3):595–607. https://www.ingentaconnect.com/content/
umrsmas/bullmar/2007/00000080/00000003/art00012#

Okumura T, Akamatsu T, Yan HY. 2002. Analyses of small tank 
acoustics: empirical and theoretical approaches. Bioacoustics. 
12(2–3):330–332. doi: 10.1080/09524622.2002.9753738.

Olavo G, Costa PAS, Martins AS, Ferreira BP. 2011. 
Shelf-edge reefs as priority areas for conservation of reef 
fish diversity in the tropical Atlantic. Aquatic Conserv. 
21(2):199–209. doi: 10.1002/aqc.1174.

Oleksyn S, Tosetto L, Raoult V, Joyce KE, Williamson JE. 
2021. Going batty: the challenges and opportunities of 
using drones to monitor the behaviour and habitat use 
of rays. Drones. 5(1):12. doi: 10.3390/drones5010012.

Ona E, Mitson RB. 1996. Acoustic sampling and signal 
processing near the seabed: the deadzone revisited. ICES 
J Mar Sci. 53(4):677–690. doi: 10.1006/jmsc.1996.0087.

Osowski AR, Szedlmayer ST. 2022. Red snapper (Lutjanus 
campechanus) abundance on oil and gas platforms based 
on mark–recapture methods in the northern Gulf of 
Mexico. Can J Fish Aquat Sci. 79(9):1546–1560. doi: 
10.1139/cjfas-2021-0227.

Paine RT. 1994. Marine rocky shores and community ecol-
ogy: an experimentalist’s perspective. Oldendorf/Luhe, 
Germany: Ecology Institute;. p. D-21385. doi: 10.1002/
iroh.19960810212.

Pandolfi JM, Bradbury RH, Sala E, Hughes TP, Bjorndal 
KA, Cooke RG, McArdle D, McClenachan L, Newman 
MJH, Paredes G, et  al. 2003. Global trajectories of the 
long-term decline of coral reef ecosystems. Science. 
301(5635):955–958. doi: 10.1126/science.1085706.

Parente V, Ferreira D, Moutinho dos Santos E, Luczynski 
E. 2006. Offshore decommissioning issues: deductibility 
and transferability. Energy Pol. 34(15):1992–2001. doi: 
10.1016/j.enpol.2005.02.008.

Parker D, Winker H, Bernard ATF, Heyns-Veale ER, 
Langlois TJ, Harvey ES, Götz A. 2016. Insights from 
baited video sampling of temperate reef fishes: how bi-
ased are angling surveys? Fish Res. 179:191–201. doi: 
10.1016/j.fishres.2016.02.025.

Parsons DF, Suthers IM, Cruz DO, Smith JA. 2016. Effects 
of habitat on fish abundance and species composition on 
temperate rocky reefs. Mar Ecol Prog Ser. 561:155–171. 
doi: 10.3354/meps11927.

Paxton AB, Harter SL, Ross SW, Schobernd CM, Runde BJ, 
Rudershausen PJ, Johnson KH, Shertzer KH, Bacheler 
NM, Buckel JA, et  al. 2021. Four decades of reef obser-
vations illuminate deep‐water grouper hotspots. Fish Fish. 
22(4):749–761. doi: 10.1111/faf.12548.

Paxton AB, McGonigle C, Damour M, Holly G, Caporaso 
A, Campbell PB, Meyer-Kaiser KS, Hamdan LJ, Mires 
CH, Taylor JC. 2024. Shipwreck ecology: understanding 
the function and processes from microbes to megafauna. 
BioScience. 74(1):12–24. doi: 10.1093/biosci/biad084.

Paxton AB, Newton EA, Adler AM, Van Hoeck RV, Iversen 
ES, Taylor JC, Peterson CH, Silliman BR. 2020. Artificial 
habitats host elevated densities of large reef-associated 
predators. PLoS One. 15(9):e0237374. doi: 10.1371/jour-
nal.pone.0237374.

Paxton AB, Shertzer KW, Bacheler NM, Kellison GT, Riley 
KL, Taylor JC. 2020. Meta- analysis reveals artificial reefs 
can be effective tools for fish community enhancement 
but are not one-size-fits-all. Front Mar Sci. 7:282. doi: 
10.3389/fmars.2020.00282.

Paxton AB, Steward DN, Mille KJ, Renchen J, Harrison ZH, 
Byrum JS, Brinton C, Nelson A, Simpson E, Clarke PJ, et al. 
2024. Artificial reef footprint in the United States ocean. 
Nat Sustain. 7(2):140–147. doi: 10.1038/s41893-023-01258-7.

Paxton AB, Taylor JC, Peterson CH, Fegley SR, Rosman 
JH. 2019. Consistent spatial patterns in multiple trophic 
levels occur around artificial habitats. Mar Ecol Prog Ser. 
611:189–202. doi: 10.3354/meps12865.

Pelletier D, Leleu K, Mou-Tham G, Guillemot N, Chabanet 
P. 2011. Comparison of visual census and high definition 
video transects for monitoring coral reef fish assemblages. 
Fish Res. 107(1–3):84–93. doi: 10.1016/j.fishres.2010.10.011.

Peterson CD, Wilberg MJ, Cortés E, Latour RJ. 2021. 
Dynamic factor analysis to reconcile conflicting survey 
indices of abundance. ICES J Mar Sci. 78(5):1711–1729. 
doi: 10.1093/icesjms/fsab051.

Picciulin M, Kéver L, Parmentier E, Bolgan M. 2019. 
Listening to the unseen: passive acoustic monitoring re-
veals the presence of a cryptic fish species. Aquatic 
Conservation. 29(2):202–210. doi: 10.1002/aqc.2973.

Piggott CVH, Depczynski M, Gagliano M, Langlois TJ. 
2020. Remote video methods for studying juvenile fish 
populations in challenging environments. J Exp Mar Biol 
Ecol. 532:151454. doi: 10.1016/j.jembe.2020.151454.

Pine WE, Hightower JE, Coggins LG, Lauretta MV, Pollock 
KH. 2012. Design and analysis of tagging studies. In: 
Zale AV, Parrish DL, Sutton TM, editors. Fisheries tech-
niques. 3rd ed. Bethesda (MD): American Fisheries 
Society. p. 521–572. doi: 10.47886/9781934874295.ch11.

Pine WE, Pollock KH, Hightower JE, Kwak TJ, Rice JA. 2003. 
A review of tagging methods for estimating fish population 
size and components of mortality. Fisheries. 28(10):10–23. 
doi: 10.1577/1548-8446(2003)28[10:AROTMF]2.0.CO;2.

Pirtle JL, Weber TC, Wilson CD, Rooper CN. 2015. 
Assessment of trawlable and untrawlable seafloor using 
multibeam-derived metrics. Meth Oceanogr. 12:18–35. 
doi: 10.1016/j.mio.2015.06.001.

Pitcher TJ, Lam ME. 2010. Fishful thinking: rhetoric, real-
ity, and the sea before us. Ecol Soc. 15(2):12. doi: 
10.5751/ES-03320-150212.

Plumlee JD, Dance KM, Dance MA, Rooker JR, TinHan 
TC, Shipley JB, Wells RJD. 2020. Fish assemblages asso-
ciated with artificial reefs assessed using multiple gear 
types in the northwest Gulf of Mexico. BMS. 96(4):655–
678. doi: 10.5343/bms.2019.0091.

Pollard DA. 1984. A review of ecological studies on sea-
grass–fish communities, with particular reference to re-
cent studies in Australia. Aquat Bot. 18(1–2):3–42. doi: 
10.1016/0304-3770(84)90079-2.

Pollock KH. 2002. The use of auxiliary variables in 
capture-recapture modelling: an overview. J Appl Sci. 
29(1–4):85–102. doi: 10.1080/02664760120108430.

Port JA, O’Donnell JL, Romero‐Maraccini OC, Leary PR, 
Litvin SY, Nickols KJ, Yamahara KM, Kelly RP. 2016. 
Assessing vertebrate biodiversity in a kelp forest ecosys-
tem using environmental DNA. Mol Ecol. 25(2):527–541. 
doi: 10.1111/mec.13481.

Potter ECE, Pawson MG. 1991. Gill netting. Lowestoft: 
Ministry of Agriculture,Fisheries and Food, Directorate 
of Fisheries Research.

Pravin P, Meenakumari B. 2016. Purse seining in India – a 
review. Indian J Fish. 63(3):162–174. doi: 10.21077/
ijf.2016.63.3.50404-18.

https://www.ingentaconnect.com/content/umrsmas/bullmar/2007/00000080/00000003/art00012#
https://www.ingentaconnect.com/content/umrsmas/bullmar/2007/00000080/00000003/art00012#
https://doi.org/10.1080/09524622.2002.9753738
https://doi.org/10.1002/aqc.1174
https://doi.org/10.3390/drones5010012
https://doi.org/10.1006/jmsc.1996.0087
https://doi.org/10.1139/cjfas-2021-0227
https://doi.org/10.1002/iroh.19960810212
https://doi.org/10.1002/iroh.19960810212
https://doi.org/10.1126/science.1085706
https://doi.org/10.1016/j.enpol.2005.02.008
https://doi.org/10.1016/j.fishres.2016.02.025
https://doi.org/10.3354/meps11927
https://doi.org/10.1111/faf.12548
https://doi.org/10.1093/biosci/biad084
https://doi.org/10.1371/journal.pone.0237374
https://doi.org/10.1371/journal.pone.0237374
https://doi.org/10.3389/fmars.2020.00282
https://doi.org/10.1038/s41893-023-01258-7
https://doi.org/10.3354/meps12865
https://doi.org/10.1016/j.fishres.2010.10.011
https://doi.org/10.1093/icesjms/fsab051
https://doi.org/10.1002/aqc.2973
https://doi.org/10.1016/j.jembe.2020.151454
https://doi.org/10.47886/9781934874295.ch11
https://doi.org/10.1577/1548-8446(2003)28[10:AROTMF]2.0.CO;2
https://doi.org/10.1016/j.mio.2015.06.001
https://doi.org/10.5751/ES-03320-150212
https://doi.org/10.5343/bms.2019.0091
https://doi.org/10.1016/0304-3770(84)90079-2
https://doi.org/10.1080/02664760120108430
https://doi.org/10.1111/mec.13481
https://doi.org/10.21077/ijf.2016.63.3.50404-18
https://doi.org/10.21077/ijf.2016.63.3.50404-18


32 N. M. BACHELER

Priede IG, Merrett NR. 1996. Estimation of abundance of 
abyssal demersal fishes; a comparison of data from trawls 
and baited cameras. J Fish Biol. 49(sA):207–216. doi: 
10.1111/j.1095-8649.1996.tb06077.x.

Prouty NG, Roark EB, Buster NA, Ross SW. 2011. Growth 
rate and age distribution of deep-sea black corals in the 
Gulf of Mexico. Mar Ecol Prog Ser. 423:101–115. doi: 
10.3354/meps08953.

Putland RL, Mackiewicz AG, Mensinger AF. 2018. Localizing 
individual soniferous fish using passive acoustic moni-
toring. Ecol Inform. 48:60–68. doi: 10.1016/j.ecoinf.2018. 
08.004.

Raoult V, Tosetto L, Harvey C, Nelson TM, Reed J, Parikh 
A, Chan AJ, Smith TM, Williamson JE. 2020. Remotely 
operated vehicles as alternatives to snorkellers for 
video-based marine research. J Exp Mar Biol Ecol. 
522:151253. doi: 10.1016/j.jembe.2019.151253.

Rasmuson LK, Marion SR, Fields SA, Blume MTO, Lawrence 
KA, Rankin PS. 2022. Influence of near bottom fish dis-
tribution on the efficacy of a combined hydroacoustic 
video survey. ICES J Mar Sci. 79(7):2069–2083. doi: 
10.1093/icesjms/fsac138.

Reeves RR, McClellan K, Werner TB. 2013. Marine mam-
mal bycatch in gillnet and other entangling net fisheries, 
1990 to 2011. Endang Species Res. 20(1):71–97. doi: 
10.3354/esr00481.

Reis‐Filho JA, Joyeux JC, Pimentel CR, Teixeira JB, Macieira 
R, Garla RC, Mello T, Gasparini JL, Giarrizzo T, Rocha 
L, et  al. 2022. The challenges and opportunities of using 
small drones to monitor fishing activities in a marine 
protected area. Fisheries Manag Ecol. 29(5):745–752. doi: 
10.1111/fme.12557.

Ressler PH, Fleischer GW, Wespestad VG, Harms J. 2009. 
Developing a commercial-vessel- based stock assessment 
survey methodology for monitoring the US west coast 
widow rockfish (Sebastes entomelas) stock. Fish Res. 
99(2):63–73. doi: 10.1016/j.fishres.2009.04.008.

Reubens JT, Pasotti F, Degraer S, Vincx M. 2013. Residency, 
site fidelity and habitat use of Atlantic cod (Gadus 
morhua) at an offshore wind farm using acoustic telem-
etry. Mar Environ Res. 90:128–135. doi: 10.1016/j.maren-
vres.2013.07.001.

Richards BL, Williams ID, Nadon MO, Zgliczynski BJ. 2011. 
A towed-diver survey method for mesoscale 
fishery-independent assessment of large-bodied reef fish-
es. BMS. 87(1):55–74. doi: 10.5343/bms.2010.1019.

Ricker WE. 1975. Computation and interpretation of bio-
logical statistics of fish populations. Bull Fish Res Board 
Can. 191.  https://waves-vagues.dfo-mpo.gc.ca/
Library/1485.pdf

Ridgway JL, Madsen JA, Fischer JR, Calfee RD, Acre MR, 
Kazyak DC. 2024. Side‐scan sonar as a tool for measur-
ing fish populations: current state of the science and 
future directions. Fisheries. 49(10):454–462. doi: 10.1002/
fsh.11137.

Riecke TV, Williams PJ, Behnke TL, Gibson D, Leach AG, 
Sedinger BS, Street PA, Sedinger JS. 2019. Integrated 
population models: model assumptions and inference. 
Methods Ecol Evol. 10(7):1072–1082. doi: 10.1111/2041- 
210X.13195.

Rivera JA, Prada MC, Arsenault JL, Moody G, Benoit N. 
2006. Detecting fish aggregations from reef habitats 

mapped with high resolution side scan sonar imagery. 
In: Taylor JC, editor. Emerging technologies for reef fish-
eries research and management. NOAA Prof Paper NMFS 
5. 56th Annual Gulf and Caribbean Fisheries Institute, 
Tortola, British Virgin Islands. p. 88–104.

Robertson DR, Tornabene L, Lardizabal CC, Baldwin CC. 
2022. Submersibles greatly enhance research on the di-
versity of deep-reef fishes in the Greater Caribbean. Front 
Mar Sci. 8:800250. doi: 10.3389/fmars.2021.800250.

Robichaud D, Hunte W, Chapman MR. 2000. Factors affect-
ing the catchability of reef fishes in Antillean fish traps. 
Bull Mar Sci. 67:831–844. https://www.ingentaconnect.com/
content/umrsmas/bullmar/2000/00000067/00000002/
art00013?crawler=true

Rodgveller CJ, Lunsford CR, Fujioka JT. 2008. Evidence of 
hook competition in longline surveys. Fish Bull. 
106(4):364–374. https://spo.nmfs.noaa.gov/sites/default/
files/pdf-content/2008/1064/rodgveller.pdf

Rooper CN. 2008. Underwater video sleds: versatile and 
cost effective tools for habitat mapping. In: Reynolds JR, 
Greene HG, editors. Marine habitat mapping technology 
for Alaska. Fairbanks (AK): University of Alaska 
Fairbanks. p. 100–107. doi: 10.4027/mhmta.2008.07.

Ross SW, Quattrini AM. 2007. The fish fauna associated 
with deep coral banks off the southeastern United States. 
Deep Sea Res Part I Oceanogr Res Pap. 54(6):975–1007. 
doi: 10.1016/j.dsr.2007.03.010.

Rountree RA, Gilmore RG, Goudey CA, Hawkins AD, 
Luczkovich JJ, Mann DA. 2006. Listening to fish: appli-
cations of passive acoustics to fisheries science. Fisheries. 
31(9):433–446. doi: 10.1577/1548-8446(2006)31[433: 
LTF]2.0.CO;2.

Rowell TJ, Schärer MT, Appeldoorn RS, Nemeth MI, Mann 
DA, Rivera JA. 2012. Sound production as an indicator 
of red hind density at a spawning aggregation. Mar Ecol 
Prog Ser. 462:241–250. doi: 10.3354/meps09839.

Royle JA. 2004. N-mixture models for estimating population 
size from spatially replicated counts. Biometrics. 
60(1):108–115. doi: 10.1111/j.0006-341X.2004.00142.x.

Rudershausen PJ, Runde BJ, Tharp RM, Merrell JH, Bacheler NM, 
Patterson WF, III, Buckel JA. 2025. Discard mortality rates of 
red snapper after barotrauma and hook trauma: insights from 
using acoustic telemetry in the US South Atlantic. N Am J 
Fish Manag. 45(2):270–280. doi: 10.1093/najfmt/vqaf012.

Rudershausen PJ, Williams EH, Buckel JA, Potts JC, 
Manooch Iii CS. 2008. Comparison of reef fish catch per 
unit effort and total mortality between the 1970s and 
2005–2006 in Onslow Bay, North Carolina. Trans Am 
Fish Soc. 137(5):1389–1405. doi: 10.1577/T07-159.1.

Rudstam LG, Magnuson JJ, Tonn WM. 1984. Size selectiv-
ity of passive fishing gear: a correction for encounter 
probability applied to gill nets. Can J Fish Aquat Sci. 
41(8):1252–1255. doi: 10.1139/f84-151.

Ruzzante DE, McCracken GR, Førland B, MacMillan J, 
Notte D, Buhariwalla C, Flemming JM, Skaug H. 2019. 
Validation of close‐kin mark–recapture (CKMR) methods 
for estimating population abundance. Methods Ecol Evol. 
10(9):1445–1453. doi: 10.1111/2041-210X.13243.

Salomon AK, Shears NT, Langlois TJ, Babcock RC. 2008. 
Cascading effects of fishing can alter carbon flow through 
a temperate coastal ecosystem. Ecol Appl. 18(8):1874–
1887. doi: 10.1890/07-1777.1.

https://doi.org/10.1111/j.1095-8649.1996.tb06077.x
https://doi.org/10.3354/meps08953
https://doi.org/10.1016/j.ecoinf.2018.08.004
https://doi.org/10.1016/j.ecoinf.2018.08.004
https://doi.org/10.1016/j.jembe.2019.151253
https://doi.org/10.1093/icesjms/fsac138
https://doi.org/10.3354/esr00481
https://doi.org/10.1111/fme.12557
https://doi.org/10.1016/j.fishres.2009.04.008
https://doi.org/10.1016/j.marenvres.2013.07.001
https://doi.org/10.1016/j.marenvres.2013.07.001
https://doi.org/10.5343/bms.2010.1019
https://waves-vagues.dfo-mpo.gc.ca/Library/1485.pdf
https://waves-vagues.dfo-mpo.gc.ca/Library/1485.pdf
https://doi.org/10.1002/fsh.11137
https://doi.org/10.1002/fsh.11137
https://doi.org/10.1111/2041-210X.13195
https://doi.org/10.1111/2041-210X.13195
https://doi.org/10.3389/fmars.2021.800250
https://www.ingentaconnect.com/content/umrsmas/bullmar/2000/00000067/00000002/art00013?crawler=true
https://www.ingentaconnect.com/content/umrsmas/bullmar/2000/00000067/00000002/art00013?crawler=true
https://www.ingentaconnect.com/content/umrsmas/bullmar/2000/00000067/00000002/art00013?crawler=true
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/2008/1064/rodgveller.pdf
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/2008/1064/rodgveller.pdf
https://doi.org/10.4027/mhmta.2008.07
https://doi.org/10.1016/j.dsr.2007.03.010
https://doi.org/10.1577/1548-8446(2006)31[433:LTF]2.0.CO;2
https://doi.org/10.1577/1548-8446(2006)31[433:LTF]2.0.CO;2
https://doi.org/10.3354/meps09839
https://doi.org/10.1111/j.0006-341X.2004.00142.x
https://doi.org/10.1093/najfmt/vqaf012
https://doi.org/10.1577/T07-159.1
https://doi.org/10.1139/f84-151
https://doi.org/10.1111/2041-210X.13243
https://doi.org/10.1890/07-1777.1


Reviews in Fisheries Science & Aquaculture 33

Samoilys MA, Carlos G. 2000. Determining methods of 
underwater visual census for estimating the abundance 
of coral reef fishes. Env Biol Fish. 57(3):289–304. doi: 
10.1023/A:1007679109359.

Sampaio Í, Braga-Henriques A, Pham C, Ocaña O, de Matos 
V, Morato T, Porteiro FM. 2012. Cold-water corals land-
ed by bottom longline fisheries in the Azores 
(north-eastern Atlantic). J Mar Biol Ass. 92(7):1547–1555. 
doi: 10.1017/S0025315412000045.

Sato M, Inoue N, Nambu R, Furuichi N, Imaizumi T, Ushio 
M. 2021. Quantitative assessment of multiple fish species 
around artificial reefs combining environmental DNA 
metabarcoding and acoustic survey. Sci Rep. 11(1):19477. 
doi: 10.1038/s41598-021-98926-5.

Schaub M, Maunder MN, Kéry M, Thorson JT, Jacobson 
EK, Punt AE. 2024. Lessons to be learned by comparing 
integrated fisheries stock assessment models (SAMs) with 
integrated population models (IPMs). Fish Res. 
272:106925. doi: 10.1016/j.fishres.2023.106925.

Schneider CW. 1976. Spatial and temporal distributions of 
benthic marine algae on the continental shelf of the 
Carolinas. Bull Mar Sci. 26:133–151. https://www.ingen-
t a c o n n e c t . c o m / c o n t e n t / u m r s m a s / b u l l -
mar/1976/00000026/00000002/art00002?crawler=true

Schobernd ZH, Bacheler NM, Conn PB. 2014. Examining 
the utility of alternative video monitoring metrics for 
indexing reef fish abundance. Can J Fish Aquat Sci. 
71(3):464–471. doi: 10.1139/cjfas-2013-0086.

Schobernd CM, Sedberry GR. 2009. Shelf-edge and 
upper-slope reef fish assemblages in the South Atlantic 
Bight: habitat characteristics, spatial variation, and re-
productive behavior. Bull Mar Sci.84(1):67–92. https://
www.ingentaconnect .com/content/umrsmas/bul l-
mar/2009/00000084/00000001/art00005#

Schramm KD, Harvey ES, Goetze JS, Travers MJ, Warnock 
B, Saunders BJ. 2020. A comparison of stereo-BRUV, 
diver operated and remote stereo-video transects for as-
sessing reef fish assemblages. J Exp Mar Biol Ecol. 
524:151273. doi: 10.1016/j.jembe.2019.151273.

Schramm KD, Marnane MJ, Elsdon TS, Jones CM, Saunders 
BJ, Newman SJ, Harvey ES. 2021. Fish associations with 
shallow water subsea pipelines compared to surrounding 
reef and soft sediment habitats. Sci Rep. 11(1):6238. doi: 
10.1038/s41598-021-85396-y.

Scoulding B, Fairclough DV, Devine C, Jackson G, Lewis 
P, Waltrick D, West L, Skepper C, Briggs J, Lek E, et  al. 
2024. Aerial drones and recreational fish finders: evalu-
ating a low-cost method for surveying fish aggregations. 
Mar Freshw Res. 75(18):MF24207. doi: 10.1071/MF24207.

Scoulding B, Gastauer S, Taylor JC, Boswell KM, Fairclough 
DV, Jackson G, Sullivan P, Shertzer K, Campanella F, 
Bacheler N, et  al. 2023. Estimating abundance of fish 
associated with structured habitats by combining acous-
tics and optics. J Appl Ecol. 60(7):1274–1285. doi: 
10.1111/1365-2664.14412.

Seaman W. 2002. Unifying trends and opportunities in 
global artificial reef research, including evaluation. ICES 
J Mar Sci. 59:S14–S16. doi: 10.1006/jmsc.2002.1277.

Seaman W. 2007. Artificial habitats and the restoration of 
degraded marine ecosystems and fisheries. Hydrobiologia. 
580(1):143–155. doi: 10.1007/s10750-006-0457-9.

Seber GAF 1973. The estimation of animal abundance and 
related parameters. New York (NY): Hafner Press.

Seiler J, Williams A, Barrett N. 2012. Assessing size, abun-
dance and habitat preferences of the Ocean Perch 
Helicolenus percoides using a AUV-borne stereo camera 
system. Fish Res. 129–130:64–72. doi: 10.1016/j.fish-
res.2012.06.011.

Shahrestani S, Bi H, Lyubchich V, Boswell KM. 2017. 
Detecting a nearshore fish parade using the adaptive 
resolution imaging sonar (ARIS): an automated procedure 
for data analysis. Fish Res. 191:190–199. doi: 10.1016/j.
fishres.2017.03.013.

Shelton AO, Kelly RP, O’Donnell JL, Park L, Schwenke P, 
Greene C, Henderson RA, Beamer EM. 2019. 
Environmental DNA provides quantitative estimates of a 
threatened salmon species. Biol Conserv. 237:383–391. 
doi: 10.1016/j.biocon.2019.07.003.

Shelton AO, Ramón-Laca A, Wells A, Clemons J, Chu D, 
Feist BE, Kelly RP, Parker-Stetter SL, Thomas R, Nichols 
KM, et  al. 2022. Environmental DNA provides quantita-
tive estimates of Pacific hake abundance and distribution 
in the open ocean. Proc Biol Sci. 289(1971):20212613. 
doi: 10.1098/rspb.2021.2613.

Shertzer KW, Bacheler NM, Coggins LG, Jr, Fieberg J. 2016. 
Relating trap capture to abundance: a hierarchical 
state-space model applied to black sea bass (Centropristis 
striata). ICES J Mar Sci. 73(2):512–519. doi: 10.1093/
icesjms/fsv197.

Shertzer KW, Bacheler NM, Pine WE, IIIRunde BJ, Buckel 
JA, Rudershausen PJ, MacMahan JH. 2020. Estimating 
population abundance at a site in the open ocean: com-
bining information from conventional and telemetry tags 
with application to gray triggerfish (Balistes capriscus). 
Can J Fish Aquat Sci. 77(1):34–43. doi: 10.1139/
cjfas-2018-0356.

Sibley EC, Elsdon TS, Marnane MJ, Madgett AS, Harvey 
ES, Cornulier T, Driessen D, Fernandes PG. 2023. Sound 
sees more: a comparison of imaging sonars and optical 
cameras for estimating fish densities at artificial reefs. 
Fish Res. 264:106720. doi: 10.1016/j.fishres.2023.106720.

Smaal AC, Ferreira JG, Grant J, Petersen JK, Strand Ø. 2019. 
Goods and services of marine bivalves. Cham, Switzerland: 
SpringerOpen. doi: 10.1007/978-3-319-96776-9.

Soldal AV, Svellingen I, Jørgensen T, Løkkeborg S. 2002. 
Rigs-to-reefs in the North Sea: hydroacoustic quantifica-
tion of fish in the vicinity of a ‘‘semi-cold’’ platform. 
ICES J Mar Sci. 59:S281–S287. doi: 10.1006/
jmsc.2002.1279.

Somerton DA, Kikkawa BS. 1995. A stock survey technique 
using the time to capture individual fish on longlines. 
Can J Fish Aquat Sci. 52(2):260–267. doi: 10.1139/
f95-026.

Somerton DA, Kikkawa BS, Wilson CD. 1988. Hook timers 
to measure the capture time of individual fish. Mar Fish 
Rev. 50:1–5. https://spo.nmfs.noaa.gov/sites/default/files/
pdf-content/MFR/mfr502/mfr5021.pdf

Stanley DR, Wilson CA. 1997. Seasonal and spatial variation 
in the abundance and size distribution of fishes associ-
ated with a petroleum platform in the northern Gulf of 
Mexico. Can J Fish Aquat Sci. 54(5):1166–1176. doi: 
10.1139/f97-005.

Starr RM, Carr M, Malone D, Greenley A, McMillan S. 
2010. Complementary sampling methods to inform 
ecosystem-based management of nearshore fisheries. Mar 
Coast Fish. 2(1):159–179. doi: 10.1577/C08-056.1.

https://doi.org/10.1023/A:1007679109359
https://doi.org/10.1017/S0025315412000045
https://doi.org/10.1038/s41598-021-98926-5
https://doi.org/10.1016/j.fishres.2023.106925
https://www.ingentaconnect.com/content/umrsmas/bullmar/1976/00000026/00000002/art00002?crawler=true
https://www.ingentaconnect.com/content/umrsmas/bullmar/1976/00000026/00000002/art00002?crawler=true
https://www.ingentaconnect.com/content/umrsmas/bullmar/1976/00000026/00000002/art00002?crawler=true
https://doi.org/10.1139/cjfas-2013-0086
https://www.ingentaconnect.com/content/umrsmas/bullmar/2009/00000084/00000001/art00005#
https://www.ingentaconnect.com/content/umrsmas/bullmar/2009/00000084/00000001/art00005#
https://www.ingentaconnect.com/content/umrsmas/bullmar/2009/00000084/00000001/art00005#
https://doi.org/10.1016/j.jembe.2019.151273
https://doi.org/10.1038/s41598-021-85396-y
https://doi.org/10.1071/MF24207
https://doi.org/10.1111/1365-2664.14412
https://doi.org/10.1006/jmsc.2002.1277
https://doi.org/10.1007/s10750-006-0457-9
https://doi.org/10.1016/j.fishres.2012.06.011
https://doi.org/10.1016/j.fishres.2012.06.011
https://doi.org/10.1016/j.fishres.2017.03.013
https://doi.org/10.1016/j.fishres.2017.03.013
https://doi.org/10.1016/j.biocon.2019.07.003
https://doi.org/10.1098/rspb.2021.2613
https://doi.org/10.1093/icesjms/fsv197
https://doi.org/10.1093/icesjms/fsv197
https://doi.org/10.1139/cjfas-2018-0356
https://doi.org/10.1139/cjfas-2018-0356
https://doi.org/10.1016/j.fishres.2023.106720
https://doi.org/10.1007/978-3-319-96776-9
https://doi.org/10.1006/jmsc.2002.1279
https://doi.org/10.1006/jmsc.2002.1279
https://doi.org/10.1139/f95-026
https://doi.org/10.1139/f95-026
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/MFR/mfr502/mfr5021.pdf
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/MFR/mfr502/mfr5021.pdf
https://doi.org/10.1139/f97-005
https://doi.org/10.1577/C08-056.1


34 N. M. BACHELER

Stat M, John J, DiBattista JD, Newman SJ, Bunce M, Harvey 
ES. 2019. Combined use of eDNA metabarcoding and 
video surveillance for the assessment of fish biodiversity. 
Conserv Biol. 33(1):196–205. doi: 10.1111/cobi.13183.

Steneck RS, Graham MH, Bourque BJ, Corbett D, Erlandson 
JM, Estes JA, Tegner MJ. 2002. Kelp forest ecosystems: 
biodiversity, stability, resilience and future. Environ 
Conserv. 29(4):436–459. doi: 10.1017/S0376892902000322.

Stevens BG. 2021. The ups and downs of traps: environ-
mental impacts, entanglement, mitigation, and the future 
of trap fishing for crustaceans and fish. ICES J Mar Sci. 
78(2):584–596. doi: 10.1093/icesjms/fsaa135.

Stewart BD, Beukers JS. 2000. Baited technique improves 
censuses of cryptic fish in complex habitats. Mar Ecol 
Prog Ser. 197:259–272. doi: 10.3354/meps197259.

Stewart BD, Jones GP. 2001. Associations between the abun-
dance of piscivorous fishes and their prey on coral reefs: 
implications for prey-fish mortality. Mar Biol. 138(2):383–
397. doi: 10.1007/s002270000468.

Stewart FE, Volpe JP, Fisher JT. 2019. The debate about 
bait: a red herring in wildlife research. J Wildl Manag. 
83(4):985–992. doi: 10.1002/jwmg.21657.

Stone RB, Mcgurrin JM, Sprague LM, Seaman WJ. 1991. 
Artificial habitats of the world: synopsis and major trends. 
In: Seaman WJ, Sprague LM, editors. Artificial habitats 
for marine and freshwater fisheries. San Diego (CA): 
Academic Press. p. 31–60. doi: 10.1016/B978-0-08-057117-
1.50008-1.

Stoner AW. 2004. Effects of environmental variables on fish 
feeding ecology: implications for the performance of 
baited fishing gear and stock assessment. J Fish Biol. 
65(6):1445–1471. doi: 10.1111/j.0022-1112.2004.00593.x.

Stoner AW, Ryer CH, Parker SJ, Auster PJ, Wakefield WW. 
2008. Evaluating the role of fish behavior in surveys 
conducted with underwater vehicles. Can J Fish Aquat 
Sci. 65(6):1230–1243. doi: 10.1139/F08-032.

Sumer BM, Fredsøe J. 2002. The mechanics of scour in the 
marine environment. Advanced series of ocean engineering. 
Vol. 17. River Edge (NJ): World Scientific. doi: 10.1142/4942.

Sun Z, Feng A, Yu J, Zhao W, Huang Y. 2025. Development 
of autonomous sailboat sails and future perspectives: a 
review. Renew Sustain Energ Rev. 207:114918. doi: 
10.1016/j.rser.2024.114918.

Sutton SG, Bushnell SL. 2007. Socio-economic aspects of 
artificial reefs: considerations for the great barrier reef 
Marine Park. Ocean Coast Manag. 50(10):829–846. doi: 
10.1016/j.ocecoaman.2007.01.003.

Sward D, Monk J, Barrett N. 2019. A systematic review of 
remotely operated vehicle surveys for visually assessing 
fish assemblages. Front Mar Sci. 6:134. doi: 10.3389/
fmars.2019.00134.

Taylor D. 2004. Wind energy. In: Boyle G, editor. Renewable 
energy: power for a sustainable future. Oxford: Oxford 
University Press.

Taylor JC, Ebert E. 2012. Mapping coral reef fish schools 
and aggregations with high- frequency multibeam and 
split-beam sonars. Proc Meet Acoust. 17:070041. doi: 
10.1121/1.4772586.

Thompson S. 2024. Improving aquatic community assess-
ments with eDNA metabarcoding and stereo-video in 
Indian Ocean marine environments [dissertation]. Perth: 
The University of Western Australia.

Thompson F, Guihen D. 2019. Review of mission planning 
for autonomous marine vehicle fleets. J Field Robot. 
36(2):333–354. doi: 10.1002/rob.21819.

Thompson AA, Mapstone BD. 1997. Observer effects and 
training in underwater visual surveys of reef fishes. Mar 
Ecol Prog Ser. 154:53–63. doi: 10.3354/meps154053.

Thomsen PF, Willerslev E. 2015. Environmental DNA – an 
emerging tool in conservation for monitoring past and 
present biodiversity. Biol Conserv. 183:4–18. doi: 
10.1016/j.biocon.2014.11.019.

Thorstad EB, Rikardsen AH, Alp A, Økland F. 2013. The 
use of electronic tags in fish research–an overview of 
fish telemetry methods. Turk J Fish Aquat Sci. 13(5):881–
896. doi: 10.4194/1303-2712-v13_5_13.

Thorsteinsson V. 2002. Tagging methods for stock assess-
ment and research in fisheries. Report of Concerted 
Action, FAIR CT.96.1394 (CATAG). Reykjavik (ICE): 
Marine Research Institute, Technical Report (79).

Torquato F, Jensen HM, Range P, Bach SS, Ben-Hamadou 
R, Sigsgaard EE, Thomsen PF, Møller PR, Riera R. 2017. 
Vertical zonation and functional diversity of fish assem-
blages revealed by ROV videos at oil platforms in The 
Gulf. J Fish Biol. 91(3):947–967. doi: 10.1111/jfb.13394.

Trebilco R, Dulvy NK, Stewart H, Salomon AK. 2015. The 
role of habitat complexity in shaping the size structure 
of a temperate reef fish community. Mar Ecol Prog Ser. 
532:197–211. doi: 10.3354/meps11330.

Trenkel VM, Charrier G, Lorance P, Bravington MV. 2022. 
Close-kin mark-recapture abundance estimation: practical 
insights and lessons learned. ICES J Mar Sci.79(2):413–
422. doi: 10.1093/icesjms/fsac002.

Trenkel VM, Mazauric V, Berger L. 2008. The new fisher-
ies multibeam echosounder ME70: description and ex-
pected contribution to fisheries research. ICES J Mar 
Sci.65(4):645–655. doi: 10.1093/icesjms/fsn051.

Tušer M, Frouzová J, Balk H, Muška M, Mrkvička T, 
Kubečka J. 2014. Evaluation of potential bias in observ-
ing fish with a DIDSON acoustic camera. Fish 
Res.155:114–121. doi: 10.1016/j.fishres.2014.02.031.

[UNESCO] United Nations Educational, Scientific and 
Cultural Organization 2017. Underwater cultural heritage: 
wrecks. Paris, France: UNESCO.

Unsworth RKF, Nordlund LM, Cullen-Unsworth LC. 2019. 
Seagrass meadows support global fisheries production. 
Conservat Lett. 12(1):e12566. doi: 10.1111/conl.12566.

van Hal R, Griffioen AB, van Keeken OA. 2017. Changes 
in fish communities on a small spatial scale, an effect of 
increased habitat complexity by an offshore wind farm. 
Mar Environ Res. 126:26–36. doi: 10.1016/j.maren-
vres.2017.01.009.

Ventura D, Bruno M, Lasinio GJ, Belluscio A, Ardizzone 
G. 2016. A low-cost drone based application for identi-
fying and mapping of coastal fish nursery grounds. Estuar 
Coast Shelf Sci. 171:85–98. doi: 10.1016/j.ecss.2016.01.030.

Viehman HA, Zydlewski GB. 2015. Fish interactions with 
a commercial-scale tidal energy device in the natural 
environment. Estuar Coast. 38(S1):241–252. doi: 10.1007/
s12237-014-9767-8.

Vieira MLM, de Lima CLA, de Souza JRB, Feitosa JLL. 
2020. Effects of beach seine fishing on the biodiversity 
of seagrass fish assemblages. Reg Stud Mar Sci. 40:101527. 
doi: 10.1016/j.rsma.2020.101527.

https://doi.org/10.1111/cobi.13183
https://doi.org/10.1017/S0376892902000322
https://doi.org/10.1093/icesjms/fsaa135
https://doi.org/10.3354/meps197259
https://doi.org/10.1007/s002270000468
https://doi.org/10.1002/jwmg.21657
https://doi.org/10.1016/B978-0-08-057117-1.50008-1
https://doi.org/10.1016/B978-0-08-057117-1.50008-1
https://doi.org/10.1111/j.0022-1112.2004.00593.x
https://doi.org/10.1139/F08-032
https://doi.org/10.1142/4942
https://doi.org/10.1016/j.rser.2024.114918
https://doi.org/10.1016/j.ocecoaman.2007.01.003
https://doi.org/10.3389/fmars.2019.00134
https://doi.org/10.3389/fmars.2019.00134
https://doi.org/10.1121/1.4772586
https://doi.org/10.1002/rob.21819
https://doi.org/10.3354/meps154053
https://doi.org/10.1016/j.biocon.2014.11.019
https://doi.org/10.4194/1303-2712-v13_5_13
https://doi.org/10.1111/jfb.13394
https://doi.org/10.3354/meps11330
https://doi.org/10.1093/icesjms/fsac002
https://doi.org/10.1093/icesjms/fsn051
https://doi.org/10.1016/j.fishres.2014.02.031
https://doi.org/10.1111/conl.12566
https://doi.org/10.1016/j.marenvres.2017.01.009
https://doi.org/10.1016/j.marenvres.2017.01.009
https://doi.org/10.1016/j.ecss.2016.01.030
https://doi.org/10.1007/s12237-014-9767-8
https://doi.org/10.1007/s12237-014-9767-8
https://doi.org/10.1016/j.rsma.2020.101527


Reviews in Fisheries Science & Aquaculture 35

Wall CC, Mann DA, Lembke C, Taylor C, He R, Kellison 
T. 2017. Mapping the soundscape off the southeastern 
USA by using passive acoustic glider technology. Mar 
Coast Fish. 9(1):23–37. doi: 10.1080/19425120.2016. 
1255685.

Walter RK, O’Leary JK, Vitousek S, Taherkhani M, Geraghty 
C, Kitajima A. 2020. Large-scale erosion driven by 
intertidal eelgrass loss in an estuarine environment. Estuar 
Coast Shelf Sci. 243:106910. doi: 10.1016/j.ecss.2020.106910.

Watson DL, Harvey ES, Anderson MJ, Kendrick GA. 2005. 
A comparison of temperate reef fish assemblages record-
ed by three underwater stereo-video techniques. Mar 
Biol. 148(2):415–425. doi: 10.1007/s00227-005-0090-6.

Webb JF, Fay RR, Popper AN. 2008. Fish bioacoustics. 
Springer handbook of auditory research. Vol. 32. New 
York (NY): Springer.

Webster MS, Hixon MA. 2000. Mechanisms and individu-
al consequences of intraspecific competition in a coral-reef 
fish. Mar Ecol Prog Ser. 196:187–194. doi: 10.3354/
meps196187.

Wells RJD, Boswell KM, Cowan JH, Patterson III WF. 2008. 
Size selectivity of sampling gears targeting red snapper 
in the northern Gulf of Mexico. Fish Res. 89(3):294–299. 
doi: 10.1016/j.fishres.2007.10.010.

Whitehouse RJS, Harris JM, Sutherland J, Rees J. 2011. The 
nature of scour development and scour protection at 
offshore windfarm foundations. Mar Pollut Bull. 62(1):73–
88. doi: 10.1016/j.marpolbul.2010.09.007.

Whitfield AK. 2017. The role of seagrass meadows, man-
grove forests, saltmarshes and reed beds as nursery areas 
and food sources for fishes in estuaries. Rev Fish Biol 
Fisheries. 27(1):75–110. doi: 10.1007/s11160-016-9454-x.

Whitmarsh SK, Fairweather PG, Huveneers C. 2017. What 
is Big BRUVver up to? Methods and uses of baited un-
derwater video. Rev Fish Biol Fisheries. 27(1):53–73. doi: 
10.1007/s11160-016-9450-1.

Whitt C, Pearlman J, Polagye B, Caimi F, Muller-Karger F, 
Copping A, Spence H, Madhusudhana S, Kirkwood W, 
Grosjean L, et  al. 2020. Future vision for autonomous 
ocean observations. Front Mar Sci. 7:697. doi: 10.3389/
fmars.2020.00697.

Willis TJ. 2001. Visual census methods underestimate den-
sity and diversity of cryptic reef fishes. J Fish Biol. 
59(5):1408–1411. doi: 10.1111/j.1095-8649.2001.tb00202.x.

Willis TJ, Millar RB, Babcock RC. 2000. Detection of 
spatial variability in relative density of fishes: compar-
ison of visual census, angling, and baited underwater 
video. Mar Ecol Prog Ser. 198:249–260. doi: 10.3354/
meps198249.

Wynn RB, Huvenne VA, Le Bas TP, Murton BJ, Connelly 
DP, Bett BJ, Ruhl HA, Morris KJ, Peakall J, Parsons DR, 
et  al. 2014. Autonomous Underwater Vehicles (AUVs): 
their past, present and future contributions to the ad-
vancement of marine geoscience. Mar Geol. 352:451–468. 
doi: 10.1016/j.margeo.2014.03.012.

Zamani NP, Zuhdi MF, Madduppa H. 2022. Environmental 
DNA biomonitoring reveals seasonal patterns in coral 
reef fish community structure. Environ Biol Fish. 
105(8):971–991. doi: 10.1007/s10641-022-01274-0.

Zimmerman KD, Burton TE. 1994. A single-armed 
manta-board as a new diver-controlled planing board 
and its use for underwater surveys. Mar Fish Rev. 
56(2):12–16. https://spo.nmfs.noaa.gov/sites/default/files/
pdf-content/MFR/mfr562/mfr5623.pdf

zu Ermgassen PS, Worthington TA, Gair JR, Garnett EE, 
Mukherjee N, Longley-Wood K, Nagelkerken I, 
Abrantes K, Aburto-Oropeza O, Acosta A, et  al. 2025. 
Mangroves support an estimated annual abundance of 
over 700 billion juvenile fish and invertebrates. Comm 
Earth Environ. 6(1):299. doi: 10.1038/s43247-025- 
02229-w.

Zulian V, Pacifici K, Bacheler NM, Buckel JA, Patterson 
WF, IIIReich BJ, Shertzer KW, Hostetter NJ. 2025. 
Applying mark-resight, count, and telemetry data to es-
timate effective sampling area and fish density with sta-
tionary underwater cameras. Can J Fish Aquat Sci. 
82:1–11. doi: 10.1139/cjfas-2023-0373.

Žydelis R, Bellebaum J, Österblom H, Vetemaa M, 
Schirmeister B, Stipniece A, Dagys M, van Eerden M, 
Garthe S. 2009. Bycatch in gillnet fisheries – an over-
looked threat to waterbird populations. Biol Conserv. 
142(7):1269–1281. doi: 10.1016/j.biocon.2009.02.025.

https://doi.org/10.1080/19425120.2016.1255685
https://doi.org/10.1080/19425120.2016.1255685
https://doi.org/10.1016/j.ecss.2020.106910
https://doi.org/10.1007/s00227-005-0090-6
https://doi.org/10.3354/meps196187
https://doi.org/10.3354/meps196187
https://doi.org/10.1016/j.fishres.2007.10.010
https://doi.org/10.1016/j.marpolbul.2010.09.007
https://doi.org/10.1007/s11160-016-9454-x
https://doi.org/10.1007/s11160-016-9450-1
https://doi.org/10.3389/fmars.2020.00697
https://doi.org/10.3389/fmars.2020.00697
https://doi.org/10.1111/j.1095-8649.2001.tb00202.x
https://doi.org/10.3354/meps198249
https://doi.org/10.3354/meps198249
https://doi.org/10.1016/j.margeo.2014.03.012
https://doi.org/10.1007/s10641-022-01274-0
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/MFR/mfr562/mfr5623.pdf
https://spo.nmfs.noaa.gov/sites/default/files/pdf-content/MFR/mfr562/mfr5623.pdf
https://doi.org/10.1038/s43247-025-02229-w
https://doi.org/10.1038/s43247-025-02229-w
https://doi.org/10.1139/cjfas-2023-0373
https://doi.org/10.1016/j.biocon.2009.02.025

	Review of Methods for Sampling Fish in Structured Habitats
	ABSTRACT
	Introduction
	Types of structured habitats
	Tropical coral reefs
	Temperate reefs
	Cold-water reefs
	Mangroves
	Invertebrate-dominated substrates
	Macroalgae
	Submerged aquatic vegetation
	Artificial reefs
	Shipwrecks
	Oil and gas rigs
	Pipelines and cables
	Wind turbines
	Coastal development


	Methodological approaches
	Conventional approaches
	Trawl
	Hook-and-line
	Longlines
	Traps
	Gill nets
	Seines

	Visual approaches
	Underwater visual census
	Remote stationary video
	Towed divers or video
	Remotely operated vehicles
	Submersible

	Acoustic approaches
	Split-beam sonar
	Multibeam sonar
	Side-scan sonar
	Acoustic cameras
	Passive acoustics

	Tagging approaches
	Conventional tagging
	Electronic tags

	Novel approaches
	Autonomous underwater vehicles
	Uncrewed aircraft systems
	Autonomous surface vehicles
	Environmental DNA
	Close-kin mark-recapture
	Combining gears


	Synthesis
	Conclusion
	Acknowledgments
	Ethical approval
	Declaration of generative AI in scientific writing
	Disclosure statement
	Funding
	ORCID
	Data availability statement
	References


