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Abstract.—Reef-fish assemblage structure was compared among mul-
tiple artificial and geologic (i.e., naturally occurring hard bottom) habitats in 
the northeastern Gulf  of  Mexico during 2014–2016 as part of  a larger fish-
ery-independent survey. Baited remote underwater video systems equipped 
with stereo cameras were deployed (n = 348) on 11 habitat types, classified 
through interpretation of  side-scan sonar imagery. In the video samples, 
11,801 fish were enumerated. Nonparametric analysis of  reef-fish assem-
blages detected four clusters related to habitat; assemblages associated with 
geologic habitats were distinct, whereas the remaining three clusters repre-
sented groupings of  artificial habitats of  different size, scale, and complex-
ity. While many species, including Vermilion Snapper Rhomboplites aurorubens 
and Red Snapper Lutjanus campechanus, were observed in greater numbers on 
artificial reef  habitats, most species were observed in all habitats sampled. 
Among artificial reef  habitats, the habitat cluster consisting of  unidentified 
depressions, unidentified artificial reefs, construction materials, and reef  
modules was similar to geologic habitats in supporting larger individuals, 
specifically Gray Triggerfish Balistes capriscus and Red Snapper. In contrast, 
the habitat cluster consisting of  smaller, generally solitary chicken-transport 
cages was inhabited by smaller individuals, including smaller Red Snapper. 
Although geologic reefs are the predominant reef  habitat throughout much 
of  the eastern Gulf, artificial reefs are important locally, especially in the 
Florida Panhandle. Accordingly, continued incorporation of  artificial reef  
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habitats within large-scale fishery-independent monitoring efforts is critical 
to the accurate assessment of  the status of  reef-fish stocks on broad spatial 
scales.

Introduction
Reef  fishes in the southeastern United States 
have supported extensive commercial and 
recreational fisheries for decades, contribut-
ing US$30 million to $60 million in annual 
landings revenue and $3 × 109 to $8 × 109 
in annual economic impact in the Gulf  of  
Mexico region (Keithly and Roberts 2017). 
In particular, species such as Red Snapper 
Lutjanus campechanus, Gag Mycteroperca micro-
lepis, Vermilion Snapper Rhomboplites auro-
rubens, Gray Triggerfish Balistes capriscus, and 
Greater Amberjack Seriola dumerili are tar-
geted by both commercial and recreational 
fisheries (NMFS 2017). In recent decades, 
many reef  fishes have been assessed as over-
fished or undergoing overfishing, necessi-
tating increasingly restrictive management 
regulations to end overfishing and rebuild 
overfished stocks. Such measures include in-
dividual fishing quotas, changes in size or bag 
limits, and seasonal fishing closures. These 
management strategies often indirectly mod-
ify behavior in fishery sectors and make it 
more difficult to use fishery-dependent data 
to evaluate changes in relative abundance 
and size/age composition of  managed fish 
populations. There is, therefore, an increas-
ing need for fishery-independent data that 
accurately characterize the entire population 
of  managed reef  fishes, not just that por-
tion sampled by the fishery (Rotherham et 
al. 2007).

Although expanding the fishery-inde-
pendent survey effort has long been a high 
priority in the southeastern United States, 
implementing new or expanding existing 
surveys has been challenging. A significant 

impediment to broad-scale surveys of  reef  
fishes, particularly in the Gulf  of  Mexico, is 
an incomplete understanding of  the quantity 
and distribution of  reef  habitat upon which 
reef-fish populations rely. The identification 
and characterization of  critical reef  habitat 
in the eastern Gulf  is complicated because 
(1) the area containing potential reef  habi-
tat is extremely large and (2) reef  habitat is 
widely distributed throughout much of  the 
region. Overall, the west Florida continental 
shelf  extends for ~900 km along the 75-m 
isobath that varies between 25 and 250 km in 
width, encompassing approximately 125,000 
km2 (Hine and Locker 2011). In addition, 
the region’s geologic history contributes to 
significant variability in the quantity, quality, 
and distribution of  benthic habitat through-
out the region. The west-central Florida 
shelf  is characterized as a sediment-starved, 
gently sloping surface with a sediment ve-
neer overlaying a lithified carbonate surface 
(Brooks et al. 2003; Obrochta et al. 2003). 
In contrast, the near-shelf  off  the Florida 
Panhandle (USA) contains relatively thick 
quartz sediments originating from the Apala-
chicola River and smaller rivers to the west 
(Davis 2017). Hard-bottom habitats on the 
west-central Florida shelf  are widely distrib-
uted across the shelf  and include ledges and 
large areas of  low-relief  hard-bottom habitat 
covered with encrusting infauna such as gor-
gonians and macroalgae. Drowned shore-
lines comprise the majority of  hard-bottom 
habitats off  the Florida Panhandle and are 
often concentrated between 90- and 120-m 
isobaths (Davis 2017). Because of  its large 
areal extent, mapping the entire eastern Gulf  
in support of  fishery-independent monitor-
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ing activities is cost-prohibitive. Moreover, 
focused mapping efforts within regions (e.g., 
Madison-Swanson, Florida Middle Grounds, 
and Pulley Ridge; Mallinson et al. 2014) of  
ecological or fisheries importance do not en-
compass the full range of  habitats important 
to all species and life history stages of  man-
aged reef  fishes. Accordingly, an alternative 
approach (e.g., stratified random, systematic) 
to mapping the eastern Gulf  may be re-
quired to identify representative reef  habitats 
in support of  fishery-independent monitor-
ing surveys.

Broad-scale surveys of  reef-fish popula-
tions in the southeastern United States have 
relied on either diver-based, point-count 
methods in the Florida Keys reef  tract (Ault 
et al. 2005) or baited remote underwater 
video (BRUV) systems off  the southeast-
ern United States in the Atlantic Ocean and 
the Gulf  of  Mexico (Campbell et al. 2015; 
Thompson et al. 2017a). Although these sur-
veys provide valuable data for the assessment 
of  managed reef  fishes, most focus entirely 
on geologic reef  habitats (defined here as nat-
urally occurring hard-bottom habitat—not 
biogenic, reef-building coral) and exclude ar-
tificial reef  structures. Over recent decades, 
deployments of  artificial reefs have increased 
worldwide (Stone et al. 1991) with objectives 
as varied as the materials used to create them, 
including mitigating loss of  bottom habitat 
(Dupont 2008), creating diving and fish-
ing opportunities (Adams et al. 2011), and 
enhancing angling opportunities (Lindberg 
1997; Baine 2001; Leeworthy et al. 2006). In 
general, the focus of  scientific studies has 
evolved from the attraction-versus-produc-
tion hypothesis to evaluating the ecological 
function of  artificial reefs (Bohnsack and 
Sutherland 1985; Lindberg 1997). Improved 
technologies that foster research into spe-
cific aspects of  artificial (and geologic) reef  

ecology include remotely operated vehicles 
(ROVs) and BRUVs (Rooker et al. 1997; Pat-
terson et al. 2014; Streich et al. 2017), acous-
tic telemetry (Lindberg et al. 2006; Topping 
and Szedlmayer 2011; Biesinger et al. 2013), 
stable isotopes (Simonsen et al. 2015), and 
active and passive acoustics (Stanley and Wil-
son 2000; Wall 2012).

We conducted a 3-year pilot study to 
determine whether artificial reefs could ap-
propriately be incorporated into ongoing 
surveys of  geologic reefs in the eastern Gulf. 
Data on reef  habitats and reef-associated fish 
populations were analyzed to (1) assess the 
distribution of  different artificial and geo-
logic reef  habitats and (2) determine whether 
reef-fish assemblages differed between arti-
ficial and geologic reef  habitats. Based on 
the outcomes of  this study, we determined 
whether ongoing surveys of  geologic reef  
habitats may be improved upon through the 
incorporation of  artificial reef  habitats and 
discussed implications that such improve-
ments may have on the assessment and man-
agement of  reef-fish populations.

Methods
Study Area

This study was conducted in nearshore (10–
37 m) waters of  the northeastern Gulf  of  
Mexico off  the Florida Panhandle (Figure 1), 
a region within which the state of  Florida’s 
fishery-independent survey of  reef  fishes 
is currently conducted (Thompson et al. 
2017b). Numerous artificial reefs and geo-
logic reef  habitats exist within this region. 
This region is of  particular interest because 
approximately 3,000 additional artificial reefs 
are planned to be deployed through Natural 
Resource Damage Assessment oil spill re-
covery efforts (Keith Mille, Florida Fish and 
Wildlife Conservation Commission, person-
al communication).
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Figure 1.  Sampling sites (2014–2016) within the Florida Panhandle study area in the Gulf 
of Mexico. The three National Marine Fisheries Service statistical zones are indicated within the 
50-m isobaths, and sampling sites are characterized as geologic (gray circles), anthropogenic/
artificial (black circles), or unidentified depressions (gray triangles).

Habitat Classification and Site Selection

Annual sampling (2014, 2015, and 2016) 
was allocated between both spatial (lon-
gitudinal grids corresponding to National 
Marine Fisheries Service [NMFS] statistical 
zones) and habitat strata (artificial reefs and 
geologic reefs). High-resolution, benthic-
mapping data on the distribution of  reef  
habitat are unavailable for much of  the study 
area. To identify and delineate all geologic 
and artificial reef  habitats prior to conduct-
ing fishery-independent surveys, spatially 
randomized habitat-mapping surveys (each 
covering an area of  2.1 km2) were completed 

using a side-scan sonar (L3-Klein 3900) op-
erating at 445 kHz. Each survey location was 
randomly selected from a gridded universe 
within the study area via ArcGIS 10.3 and 
Geospatial Modeling Environment proce-
dures. A standardized survey for geologic 
habitats covered an area 0.55 km E–W and 
3.89 km N–S, running perpendicular to the 
coast to increase the probability of  locating 
habitats. A standardized survey for artificial 
reefs covered an area 1.30 km E–W and 1.67 
km N–S, with the randomly selected artificial 
reef  centered in the surveyed area. This for-
mat provided mapping data on the artificial 
reef  (locations presumably known) and the 
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surrounding area while covering the same 
area as the geologic surveys. Surveys were 
processed to correct for time-varied gain and 
navigational errors using Chesapeake Tech-
nologies SonarWiz software to produce a 
geotiff  with 0.25 m resolution. Geotiffs were 
imported into an ArcGIS 10.3 project in 
which habitats were identified and manually 
delineated using a polygon-drawing tool and 
the Habitat Digitizer extension. The habitat 
classification scheme was a derivative of  the 
geoform and surface geological component 
of  the Coastal and Marine Ecological Classi-
fication Standard developed by the National 

Oceanic and Atmospheric Administration’s 
Office for Coastal Management (www.fgdc.
gov/standards/projects/cmecs-folder) and 
consisted of  a series of  distinct geologic 
and artificial reef  habitats (Table 1). Another 
habitat identified and sampled was termed 
“unidentified depressions,” which may rep-
resent either an artificial or a natural habitat.

A routine was created within ArcGIS 
10.3 to randomly select specific deployment 
locations from identified habitats within the 
geologic and artificial reef  surveys. For the 
geologic surveys, any identified geologic hab-
itat was equally eligible to be sampled, and 

Table 1.  Habitats occurring in the study area as identified through interpretation of side-
scan sonar imagery and criteria used to delineate habitat types.

Habitat class Definition

Flat hard bottom (HB) Flat or nearly flat areas (<0.1-m relief) of  hard bottom generally  
  colonized by benthic biota
Fragmented hard bottom (FB) Areas dominated by exposed rock or coral that may be separated  
  by narrow channels of  finer sediment that has been eroded  
  leaving the rock elevated above the seafloor with relief  of     
  >0.1 m
Mixed hard bottom (MB) Mainly flat areas of  hard bottom containing some features that  
  have relief  of  >0.1 m 
Ledge (LD) A linear change in elevation of  the seafloor that is associated   
  with a rocky outcrop or underwater ridge of  rocks. Ledges are  
  defined spatially as the area within 5 m of  the identified ledge
Unidentified artificial reef  (UR) Any artificial material >2 m in size that cannot be identified
Construction material (CM) Any material deposited on the seafloor that was originally 
  intended for construction purposes
Chicken-transport cages (CP) A wire cage used for transporting poultry
Vessel (VL) A vessel that was either intentionally or unintentionally sunk  
Military tank (MT) Decommissioned tanks that were deposited as a part of  an 
  artificial reef
Reef  module (RM) Prefabricated structures that have been constructed for the 
  purpose of  being deployed as reef-fish habitat (reef  balls,   
  pyramids, etc.) 
Unidentified depression (PH) Small (2–10 m in diameter) indentations or depressions lower  
  than the surrounding surface usually occurring in 
  unconsolidated sediments. This feature could be naturally   
  made such as a pothole excavated by groupers or created by  
  current scour.
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one or two BRUVs were deployed in each 
geologic survey. Sites in artificial reef  sur-
veys focused on the initially selected central 
reef, but if  no artificial reef  habitat was iden-
tified, other artificial structures in a survey 
area were randomly selected. Any identified 
artificial habitat was eligible for inclusion 
as a sampling point, but geologic habitats 
identified in artificial reef  surveys were not 
sampled; similarly, artificial habitats were 
not sampled from geologic reef  surveys. All 
randomly selected sampling locations were 
spaced at least 100 m apart.

Collection and Processing of Video Data

Sampling was conducted using a BRUV con-
sisting of  two independent stereo-video re-
corders mounted opposite each other inside 
a 0.6 × 0.6 × 0.6 m aluminum frame. Each 
stereo-video recorder consisted of  two digi-
tal video cameras set to record 10 images per 
second. Additionally, GoPro cameras were 
mounted orthogonal to the stereo-video re-
corders to provide habitat view in all direc-
tions. Baited remote underwater videos were 
baited with four cut mackerel Scomber spp. 
halves and deployed for 35 min.

For deployments for which at least 20 
min of  video was available, MaxN was de-
termined for each species (i.e., the maximum 
number of  individuals of  the species ob-
served in one of  the screen shots for that 
deployment). Viewing of  each video began 
at the point approximately 10 min after the 
gear reached the bottom. Only fishes iden-
tified to species were retained in the data-
base for analyses. Because it is so difficult 
to count individuals in large schools, MaxN 
was assigned at 300 individuals in such cases. 
Stereo-video cameras allow measurement of  
individuals that are viewed by both lenses. 
Measurements were generated for selected 
species and examined as fork length (FL in 

mm) or total length (TL in mm) if  the fish 
did not have a forked tail (e.g., Gray Trigger-
fish and lionfishes Pterois spp.). Only measure-
ments from individuals less than 5 m from the 
camera were included in analyses.

Analytical Methods

Reef-fish assemblage structure in associa-
tion with habitat type was compared using 
a Bray–Curtis similarity matrix calculated 
using fourth-root-transformed MaxN to re-
duce the influence of  highly abundant taxa. 
Species-specific MaxN were first averaged by 
habitat type (flat hard bottom, ledge, frag-
mented hard bottom, mixed hard bottom, 
unknown artificial reef, construction materi-
als, chicken-transport cages, vessels, military 
tanks, artificial reef  modules, and unidenti-
fied depressions; see Table 1 for descrip-
tions). Rare species (i.e., those occurring in 
five or fewer samples) were removed from 
the analyses. All analyses were conducted 
using the PRIMER v7 computer program 
(Clarke and Gorley 2015). To visualize the 
patterns of  assemblage structure among 
habitats, we constructed a nonmetric mul-
tidimensional scaling (nMDS) ordination. 
To identify habitat clusters with statistically 
distinct fish assemblages, a similarity profile 
(SIMPROF) test was conducted using group 
averaging, and statistically significant clusters 
were then overlaid on the nMDS ordination. 
Species that contributed to 80% of  the dis-
similarity in assemblage structure between 
habitat clusters were identified via similarity 
percentages analyses (SIMPER). Length-fre-
quency distribution of  selected species con-
tributing to the differences among habitat 
clusters were generated to qualitatively evalu-
ate trends in size among clusters.

To explore the presumption of  whether 
artificial reef  habitats deployed within per-
mit areas were properly documented by or 
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reported to the Florida Fish and Wildlife 
Conservation Commission (FWC), the num-
ber of  habitat polygons and area coverage of  
identified habitats were examined. Habitat 
data were evaluated within the FWC artificial 
reef  permit areas, as well as the FWC data set 
of  artificial reef  coordinates. Area of  habitat 
reported within a permit area was defined as 
any habitat located within 100 m of  a docu-
mented artificial reef  inside the permit area; 
unreported artificial reefs inside a permit area 
were more than 100 m from any coordinate 
in the database. Also summarized were artifi-
cial reef  habitats identified outside of  permit 
boundaries and interpreted as private reefs.

Results
Baited remote underwater videos were de-
ployed 348 times in 2014–2016, 149 times on 
geologic habitats, 107 times on artificial habi-
tats, and 92 times on unidentified depressions 
(Figure 1). Most deployments on geologic 
habitats occurred on flat hard bottom (n = 
117); most deployments on artificial habitats 
occurred on unidentified artificial reefs (n = 
34). Although not explicitly delineated as a 
sampling stratum within our design, many 
deployments were made on unidentified de-
pressions (n = 92), which initially appeared 
similar to grouper potholes (sensu Coleman 
et al. 2010) when viewed using side-scan so-
nar imagery. Based on examination of  video 
from earlier surveys and this study, we could 
not determine whether these depressions 
originated from active excavations by fish 
or from current-induced scouring. Because 
these features could include artificial or natu-
ral reef  habitats, they were treated as a sepa-
rate habitat class for analyses.

A total of  11,801 individual fish from 
75 species were identified from BRUV de-
ployments (Table 2), but 25 of  the 75 species 
were represented by only one or two individ-

uals. The most commonly observed species 
were Vermilion Snapper (n = 4,212), Tom-
tate Haemulon aurolineatum (n = 2,011), and 
Red Snapper (n = 1,058); more than 60% of  
observed individuals represented these valu-
able fishery and forage species (Table 2). The 
five most abundant species were observed 
in all 11 habitat classes. But individuals of  
14 species were viewed solely from geologic 
habitats (e.g., Short Bigeye Pristigenys alta and 
Banded Rudderfish Seriola zonata), those of  
10 species were viewed solely from artificial 
habitats (e.g., Hardhead Catfish Ariopsis felis 
and Bigeye Priacanthus arenatus), and those of  
9 species were observed only on unidentified 
depressions (e.g., Blackwing Searobin [also 
known as Blackfin Searobin] Prionotus rubio 
and Goliath Grouper Epinephelus itajara), and 
in most instances (n = 30), only one individ-
ual of  the species was seen.

Reef-fish assemblage structure differed 
significantly among habitat classes (Figure 
2). The SIMPROF identified four signifi-
cant habitat groups: group A (habitat class-
es: vessel, military tank) comprised artificial 
habitats with a high degree of  vertical re-
lief, group B (chicken-transport cages) rep-
resented chicken-transport cages, group C 
(flat hard bottom, ledge, mixed hard bottom, 
fragmented hard bottom) consisted of  all 
geologic habitats, and group D (construction 
material, reef  module, unidentified depres-
sion, unidentified artificial reef) comprised 
artificial habitats with less vertical relief  and 
unidentified reefs or depressions. There were 
20 species that, in combination, contributed 
nearly 80% of  the dissimilarity between at 
least one pair of  habitat groups (Figure 3). 
While many species were more abundant in 
artificial habitats, Red Porgy Pagrus pagrus, 
Blue Angelfish Holacanthus bermudensis, Bank 
Sea Bass Centropristis ocyurus, Spotfin But-
terflyfish Chaetodon ocellatus, and Yellowtail 



keenan et al.148
Ta

bl
e 

2.
  

Sp
ec

ie
s 

ob
se

rv
ed

 in
 e

ac
h 

ha
bi

ta
t c

la
ss

 w
ith

in
 e

ac
h 

re
ef

 ty
pe

 (i
.e

., 
ge

ol
og

ic
 o

r 
ar

tifi
ci

al
) w

he
re

 v
al

ue
s 

re
pr

es
en

t t
he

 s
um

 o
f 

M
ax

N
 fo

r e
ac

h 
id

en
tifi

ab
le

 s
pe

ci
es

 b
y 

ha
bi

ta
t c

la
ss

. S
pe

ci
es

 a
re

 ra
nk

ed
 b

y 
in

cr
ea

si
ng

 to
ta

l n
um

be
r o

bs
er

ve
d.

 T
he

 n
um

be
r o

f d
ep

lo
ym

en
ts 

is
 th

e 
nu

m
be

r o
f c

am
er

a 
de

pl
oy

m
en

ts 
on

 e
ac

h 
ha

bi
ta

t. 
Se

e 
Ta

bl
e 

1 
fo

r h
ab

ita
t c

la
ss

 a
bb

re
vi

at
io

ns
.

 
G

eo
lo

gi
c 

A
rt

ifi
ci

al
 

U
nk

no
w

n 

 
 

H
B 

FB
 

M
B 

LD
 

U
R 

C
M

 
C

P 
V

L 
M

T 
RM

 
PH

 
To

ta
l

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
 N

um
be

r o
f 

de
pl

oy
m

en
ts

 
11

7 
19

 
7 

6 
34

 
29

 
7 

11
 

4 
22

 
92

 
34

8

Sc
ie

nt
ifi

c 
na

m
e 

C
om

m
on

 n
am

e 
 

 
 

 
 

 
 

 
 

 
 

Rh
om

bo
pli

tes
 a

ur
or

ub
en

s 
Ve

rm
ili

on
 S

na
pp

er
 

71
2 

43
7 

44
 

82
 

59
6 

43
3 

66
 

13
5 

28
 

63
9 

1,
04

0 
4,

21
2

H
ae

mu
lon

 a
ur

oli
ne

at
um

 
To

m
ta

te
 

30
4 

38
7 

35
 

8 
16

2 
81

 
39

2 
21

 
17

 
27

7 
32

7 
2,

01
1

Lu
tja

nu
s c

am
pe

ch
an

us
 

Re
d 

Sn
ap

pe
r 

18
2 

54
 

14
 

10
 

16
8 

15
6 

44
 

35
 

28
 

57
 

31
0 

1,
05

8
Pa

gru
s p

ag
ru

s 
Re

d 
Po

rg
y 

38
4 

50
 

30
 

26
 

24
 

23
 

11
 

2 
4 

32
 

16
2 

74
8

Se
rio

la 
du

me
ril

i 
G

re
at

er
 A

m
be

rja
ck

 
96

 
11

 
7 

2 
16

3 
30

 
5 

21
 

8 
31

 
31

 
40

5
Ba

lis
tes

 ca
pr

isc
us

 
G

ra
y 

Tr
ig

ge
rfi

sh
 

13
2 

19
 

3 
8 

35
 

40
 

9 
4 

9 
66

 
69

 
39

4
Ca

ra
nx

 cr
yso

s 
Bl

ue
 R

un
ne

r 
20

6 
1 

3 
49

 
13

 
2 

0 
0 

89
 

9 
20

 
39

2
Lu

tja
nu

s g
ris

eu
s 

G
ra

y 
Sn

ap
pe

r 
26

 
13

 
2 

2 
95

 
43

 
0 

4 
30

 
63

 
66

 
34

4
Ch

ro
mi

s e
nc

hr
ysu

ra
 

Ye
llo

w
ta

il 
Re

ef
fis

h 
25

8 
5 

20
 

14
 

0 
0 

0 
0 

0 
8 

0 
30

5
Ce

nt
ro

pr
ist

is 
oc

yu
ru

s 
Ba

nk
 S

ea
 B

as
s 

13
2 

8 
5 

5 
16

 
0 

1 
0 

0 
3 

10
5 

27
5

Lu
tja

nu
s s

yn
ag

ris
 

La
ne

 S
na

pp
er

 
47

 
5 

1 
0 

86
 

18
 

11
 

2 
2 

7 
61

 
24

0
Pt

ero
is 

sp
p.

 
Li

on
fis

he
s 

33
 

15
 

4 
5 

26
 

12
 

9 
0 

0 
32

 
73

 
20

9
H

ola
ca

nt
hu

s b
erm

ud
en

sis
 

Bl
ue

 A
ng

el
fis

h 
80

 
30

 
11

 
5 

21
 

27
 

2 
3 

3 
12

 
7 

20
1

E
qu

etu
s l

an
ceo

lat
us

 
Ja

ck
kn

ife
-fi

sh
 

63
 

1 
1 

3 
37

 
0 

7 
0 

0 
3 

22
 

13
7

Ch
ae

tod
on

 oc
ell

at
us

 
Sp

ot
fin

 B
ut

te
rfl

yfi
sh

 
52

 
8 

1 
3 

4 
13

 
1 

2 
0 

10
 

6 
10

0
Se

rio
la 

riv
oli

an
a 

A
lm

ac
o 

Ja
ck

 
7 

5 
2 

0 
24

 
11

 
5 

4 
4 

14
 

10
 

86
Se

rr
an

us
 p

ho
eb

e 
Ta

ttl
er

 
55

 
2 

5 
3 

2 
1 

0 
1 

0 
1 

11
 

81
M

yct
ero

pe
rca

 p
he

na
x 

Sc
am

p 
13

 
16

 
3 

2 
7 

10
 

0 
2 

2 
0 

5 
60

X
yri

ch
tys

 n
ov

ac
ul

a 
Pe

ar
ly

 R
az

or
fis

h 
8 

0 
2 

0 
6 

0 
2 

1 
0 

4 
30

 
53

Ch
ae

tod
on

 se
de

nt
ar

iu
s 

Re
ef

 B
ut

te
rfl

yfi
sh

 
22

 
11

 
4 

4 
1 

0 
0 

0 
0 

0 
0 

42
A

lu
ter

us
 m

on
oce

ro
s 

U
ni

co
rn

 F
ile

fis
h 

4 
0 

0 
0 

17
 

0 
0 

0 
0 

10
 

8 
39

Ca
lam

us
 p

ro
rid

en
s 

Li
ttl

eh
ea

d 
Po

rg
y 

21
 

3 
0 

0 
5 

4 
0 

0 
0 

3 
2 

38
H

ali
ch

oe
res

 b
at

hy
ph

ilu
s 

G
re

en
ba

nd
 W

ra
ss

e 
14

 
0 

1 
0 

3 
1 

0 
0 

0 
2 

11
 

32



fish-independent surveys on artificial and geologic habitats 149
Ta

bl
e 

2.
  C

on
tin

ue
d.

 
G

eo
lo

gi
c 

A
rt

ifi
ci

al
 

U
nk

no
w

n 

Sc
ie

nt
ifi

c 
na

m
e 

C
om

m
on

 n
am

e 
H

B 
FB

 
M

B 
LD

 
U

R 
C

M
 

C
P 

V
L 

M
T 

RM
 

PH
 

To
ta

l

Pr
ist

ige
ny

s a
lta

 
Sh

or
t B

ig
ey

e 
20

 
7 

0 
3 

0 
0 

0 
0 

0 
0 

0 
30

Sp
ho

ero
ide

s s
pe

ng
ler

i 
Ba

nd
ta

il 
Pu

ff
er

 
8 

0 
1 

3 
2 

0 
0 

0 
0 

3 
7 

24
Ca

nt
hi

ga
ste

r r
os

tra
ta

 
Sh

ar
pn

os
e 

Pu
ff

er
 

12
 

0 
1 

2 
1 

7 
0 

0 
0 

0 
0 

23
G

ym
no

th
or

ax
 sa

xi
col

a 
H

on
ey

co
m

b 
M

or
ay

 
16

 
1 

0 
1 

1 
0 

0 
0 

0 
0 

4 
23

E
pin

ep
he

lu
s m

or
io 

Re
d 

G
ro

up
er

 
14

 
3 

1 
2 

1 
0 

1 
0 

0 
0 

0 
22

M
yct

ero
pe

rca
 m

icr
ole

pis
 

G
ag

 
0 

0 
0 

1 
2 

2 
2 

0 
1 

1 
10

 
19

Ry
pt

icu
s m

ac
ul

at
us

 
W

hi
te

sp
ot

te
d 

So
ap

fis
h 

4 
1 

0 
0 

0 
7 

0 
4 

0 
0 

3 
19

Se
rio

la 
zo

na
ta

 
Ba

nd
ed

 R
ud

de
rfi

sh
 

11
 

0 
0 

4 
0 

0 
0 

0 
0 

0 
0 

15
A

rch
os

ar
gu

s p
ro

ba
toc

ep
ha

lu
s 

Sh
ee

ps
he

ad
 

1 
0 

0 
0 

1 
3 

0 
5 

2 
2 

0 
14

Se
rr

an
us

 su
bli

ga
riu

s 
Be

lte
d 

Sa
nd

fis
h 

7 
1 

3 
0 

1 
1 

0 
0 

0 
0 

0 
13

M
ur

ae
na

 re
tif

era
 

Re
tic

ul
at

e 
M

or
ay

 
4 

3 
0 

1 
0 

1 
1 

0 
0 

0 
0 

10
O

ph
ich

th
us

 p
un

cti
cep

s 
Pa

le
sp

ot
te

d 
E

el
 

2 
0 

1 
0 

0 
1 

0 
0 

0 
0 

6 
10

Ce
ph

alo
ph

oli
s c

ru
en

ta
ta

 
G

ra
ys

by
 

3 
4 

0 
0 

0 
1 

0 
0 

0 
1 

0 
9

Pr
iac

an
th

us
 a

ren
at

us
 

Bi
ge

ye
 

0 
0 

0 
0 

0 
0 

0 
8 

0 
0 

0 
8

H
ola

ca
nt

hu
s c

ili
ar

is 
Q

ue
en

 A
ng

el
fis

h 
5 

1 
0 

0 
0 

0 
1 

0 
0 

0 
0 

7
A

lu
ter

us
 sc

ho
ep

fii
 

O
ra

ng
e 

Fi
le

fis
h 

3 
1 

0 
0 

0 
0 

0 
1 

0 
0 

1 
6

A
rio

ps
is 

fel
is 

H
ar

dh
ea

d 
C

at
fis

h 
0 

0 
0 

0 
0 

6 
0 

0 
0 

0 
0 

6
La

go
cep

ha
lu

s l
ae

vig
at

us
 

Sm
oo

th
 P

uf
fe

r 
4 

0 
0 

0 
1 

0 
0 

0 
0 

0 
1 

6
St

ega
ste

s p
ar

tit
us

 
Bi

co
lo

r D
am

se
lfi

sh
 

2 
3 

0 
0 

0 
0 

0 
0 

0 
1 

0 
6

Bo
dia

nu
s p

ul
ch

ell
us

 
Sp

ot
fin

 H
og

fis
h 

0 
2 

0 
3 

0 
0 

0 
0 

0 
0 

0 
5

Sp
hy

ra
en

a 
ba

rr
ac

ud
a 

G
re

at
 B

ar
ra

cu
da

 
0 

0 
0 

0 
1 

1 
1 

1 
0 

0 
1 

5
Ca

rch
ar

hi
nu

s p
lu

mb
eu

s 
Sa

nd
ba

r S
ha

rk
 

1 
0 

0 
0 

0 
0 

0 
0 

1 
0 

2 
4

H
ali

ch
oe

res
 b

ivi
tta

tu
s 

Sl
ip

pe
ry

 D
ic

k 
4 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

4
La

go
do

n 
rh

om
bo

ide
s 

Pi
nfi

sh
 

2 
0 

0 
0 

0 
0 

0 
0 

0 
1 

1 
4

St
ega

ste
s v

ar
iab

ili
s 

C
oc

oa
 D

am
se

lfi
sh

 
3 

0 
0 

0 
0 

1 
0 

0 
0 

0 
0 

4
Ch

ae
tod

ipt
eru

s f
ab

er 
A

tla
nt

ic
 S

pa
de

fis
h 

0 
0 

0 
0 

0 
0 

0 
0 

0 
3 

0 
3

Pr
og

na
th

od
es 

ay
a 

Ba
nk

 B
ut

te
rfl

yfi
sh

 
1 

0 
0 

2 
0 

0 
0 

0 
0 

0 
0 

3
Ra

ch
yce

nt
ro

n 
ca

na
du

m 
C

ob
ia

 
2 

1 
0 

0 
0 

0 
0 

0 
0 

0 
0 

3



keenan et al.150
Ta

bl
e 

2.
  C

on
tin

ue
d.

 
G

eo
lo

gi
c 

A
rt

ifi
ci

al
 

U
nk

no
w

n 

Sc
ie

ni
tifi

c 
na

m
e 

C
om

m
on

 n
am

e 
H

B 
FB

 
M

B 
LD

 
U

R 
C

M
 

C
P 

V
L 

M
T 

RM
 

PH
 

To
ta

l

Bo
dia

nu
s r

uf
us

 
Sp

an
ish

 H
og

fis
h 

0 
0 

0 
0 

0 
1 

0 
0 

1 
0 

0 
2

Ca
lam

us
 b

ajo
na

do
 

Jo
lth

ea
d 

Po
rg

y 
0 

0 
0 

0 
0 

0 
0 

2 
0 

0 
0 

2
Ca

nt
hi

ga
ste

r j
am

est
yle

ri 
G

ol
df

ac
e 

To
by

 
0 

0 
0 

0 
0 

1 
0 

1 
0 

0 
0 

2
Ca

ra
nx

 h
ipp

os
 

C
re

va
lle

 Ja
ck

 
0 

0 
0 

0 
0 

1 
0 

0 
0 

0 
1 

2
Ca

rch
ar

hi
nu

s l
eu

ca
s 

Bu
ll 

Sh
ar

k 
0 

0 
0 

0 
1 

0 
0 

0 
0 

0 
1 

2
G

in
gly

mo
sto

ma
 ci

rr
at

um
 

N
ur

se
 S

ha
rk

 
0 

0 
0 

0 
0 

1 
1 

0 
0 

0 
0 

2
Pa

ra
ble

nn
iu

s m
ar

mo
reu

s 
Se

aw
ee

d 
Bl

en
ny

 
2 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

2
Pa

ra
nt

hi
as

 fu
rci

fer
 

A
tla

tn
ic

 C
re

ol
efi

sh
 

0 
0 

0 
2 

0 
0 

0 
0 

0 
0 

0 
2

Pr
ion

otu
s r

ub
io 

Bl
ac

kw
in

g 
Se

ar
ob

in
 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

2 
2

Se
rio

la 
fas

cia
ta

 
Le

ss
er

 A
m

be
rja

ck
 

0 
0 

0 
0 

0 
0 

0 
0 

0 
2 

0 
2

A
ca

nt
ho

str
ac

ion
 p

oly
go

ni
us

 
H

on
ey

co
m

b 
C

ow
fis

h 
1 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

1
E

pin
ep

he
lu

s i
ta

jar
a 

G
ol

ia
th

 G
ro

up
er

 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
1 

1
G

on
iop

lec
tru

s h
isp

an
us

 
Sp

an
ish

 F
la

g 
0 

0 
0 

1 
0 

0 
0 

0 
0 

0 
0 

1
G

ym
no

th
or

ax
 m

or
in

ga
 

Sp
ot

te
d 

M
or

ay
 

0 
0 

0 
1 

0 
0 

0 
0 

0 
0 

0 
1

H
ae

mu
lon

 p
lu

mi
eri

i 
W

hi
te

 G
ru

nt
 

0 
0 

0 
0 

0 
0 

0 
0 

0 
1 

0 
1

H
yp

or
th

od
us

 n
ive

at
us

 
Sn

ow
y 

G
ro

up
er

 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
1 

1
Li

op
ro

po
ma

 eu
kr

in
es 

W
ra

ss
e 

Ba
ss

le
t 

0 
0 

0 
1 

0 
0 

0 
0 

0 
0 

0 
1

O
rth

op
ris

tis
 ch

ry
so

pt
era

 
Pi

gfi
sh

 
0 

0 
0 

0 
1 

0 
0 

0 
0 

0 
0 

1
Pa

ra
dip

log
ra

mm
us

 b
air

di 
La

nc
er

 D
ra

go
ne

t 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
1 

1
Pr

on
oto

gra
mm

us
 m

ar
tin

ice
ns

is 
Ro

ug
ht

on
gu

e 
Ba

ss
 

0 
0 

0 
1 

0 
0 

0 
0 

0 
0 

0 
1

Se
rr

an
us

 a
nn

ul
ar

is 
O

ra
ng

eb
ac

k 
Ba

ss
 

1 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
1

Se
rr

an
us

 n
oto

sp
ilu

s 
Sa

dd
le

 B
as

s 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
1 

1
Sp

hy
rn

a 
lew

in
i 

Sc
al

lo
pe

d 
H

am
m

er
he

ad
 

0 
0 

0 
0 

0 
1 

0 
0 

0 
0 

0 
1

Sp
hy

rn
a 

mo
ka

rr
an

 
G

re
at

 H
am

m
er

he
ad

 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
1 

1

 
   

   
   

   
   

   
   

   
  T

ot
al

 
2,

98
4 

1,
10

9 
20

5 
25

9 
1,

52
4 

94
1 

57
2 

25
9 

22
9 

1,
29

8 
2,

42
1 

11
,8

01



fish-independent surveys on artificial and geologic habitats 151

Figure 2.  Nonmetric multidimensional ordination of reef-fish assemblage species abun-
dance by habitat class representing geologic, anthropogenic, and unknown habitats. Lines 
represent significant clusters as identified via SIMPROF analyses. See Table 1 for habitat class 
abbreviations.

Reeffish Chromis enchrysura were more abun-
dant in geologic habitats. Economically im-
portant Red Snapper and Vermilion Snapper 
were abundant in all habitats, with greatest 
abundance from chicken-transport cages, 
while Greater Amberjack and Gray Snap-
per Lutjanus griseus were more abundant from 
vessels and military tanks. Lionfishes were 
also observed in all habitats, with greatest 
abundances observed on chicken-transport 
cages.

While not quantitatively assessed, fishes 
contributing to differences in reef-fish com-
munity structure among habitat groups also 
exhibited marked variability in size distribu-
tion among habitat groups. These results 

should be interpreted cautiously due to sub-
stantially greater sampling effort and sub-
sequently greater number of  overall length 
measurements coming from group C (geo-
logic habitats) and group D (reef  modules, 
construction material, and unidentified de-
pressions). The largest Red Snapper were ob-
served in association with habitat groups C 
and D while the smallest Red Snapper were 
associated with group B (Figure 4). Habitat-
related size composition of  Gray Snapper 
was not as distinct, but larger individuals 
were observed in habitat group C (Figure 4). 
Vermilion Snapper length distributions over-
lapped among habitats, but small individuals 
(≤100 mm fork length) were observed only 
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Figure 3.  Fourth-root transformed abundance data for species that contributed up to 80% of 
differences among habitat groups. See Table 1 for habitat class abbreviations.

in association with habitat group D (Figure 
5). This pattern was similar in Red Porgy, 
with the smaller individuals observed in hab-
itat group D and larger individuals observed 
from geologic habitats in group C (Figure 
5). The largest Gray Triggerfish were ob-
served in group C and D habitats, whereas 
the smaller lionfishes were associated with 
habitat group D (Figure 6).

In the study region, 601.108 km2 of  
the ocean bottom was scanned in support 

of  reef-fish survey efforts, including areas 
in and outside Florida artificial reef  permit 
areas. Of  this total, approximately 1.2% of  
the area (7.155 km2), represented by 5,755 
individual polygons, was coded as reef  habi-
tat (Table 3). Flat hard bottom (5.577 km2) 
comprised the greatest area of  geologic habi-
tat; construction materials (0.136 km2) com-
prised the greatest area of  artificial habitat. 
Unidentified depressions accounted for 373 
polygons, totaling 0.025 km2. In the scanned 
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Figure 4.  Length-frequency (mm fork length) histograms for Red Snapper and Gray Snap-
per separated by habitat groups. Habitat groups included group A—VL, MT; group B—CP; 
group C—HB, FB, MB, LD; and group D—CM, RM, PH, UR. See Table 1 for habitat class 
abbreviations.
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Figure 5.  Length-frequency (mm fork length) histograms for Vermilion Snapper and Red 
Porgy separated by habitat groups. Habitat groups included group A—VL, MT; group B—CP; 
group C—HB, FB, MB, LD; and group D—CM, RM, PH, UR. See Table 1 for habitat class 
abbreviations.
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Figure 6.  Length-frequency (mm total length) histograms for Gray Triggerfish and lion-
fishes separated by habitat groups. Habitat groups included group A—VL, MT; group B—CP; 
group C—HB, FB, MB, LD; and group D—CM, RM, PH, UR. See Table 1 for habitat class 
abbreviations. 
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areas of  the FWC artificial reef  permit ar-
eas, most of  the mapped artificial habitat 
had previously been identified or reported, 
but we identified many unreported artificial 
reefs. Most artificial habitats exhibited great-
er coverage within permit areas (i.e., in the 
FWC database, within 100 m of  a document-
ed artificial reef), but unidentified artificial 
reefs (from side-scan sonar interpretation) 
and chicken-transport cages also occurred 
outside the FWC reef  permit areas. Less to-
tal artificial habitat identified was outside of  
permit areas (0.051 km2) than inside (0.208 
km2); however, there was greater coverage of  
chicken-transport cages outside permit areas 
(0.005 km2 versus 0.003 km2), indicating that 
these reefs were likely deployed predomi-
nantly as private reefs. Since many of  these 
chicken-transport cages had a small footprint 
(approximately 30 m2), our limited mapping 
effort identified hundreds of  unreported in-
dividual reefs based off  the comparative area 
identified.

Discussion
We demonstrated the utility of  incorporat-
ing artificial reef  surveys into broad-scale 
(>10,000 km2), shelf-wide surveys of  reef  
fishes focused primarily on geologic habitats. 
Most studies comparing reef-fish assemblag-
es between artificial and geologic habitats 
in the Gulf  of  Mexico have been limited in 
spatial extent or have incorporated a limited 
number of  habitat types (Rooker et al. 1997; 
Patterson et al. 2014; Streich et al. 2017). 
By examining similarities and differences 
in reef-fish assemblages between artificial 
and geologic features, these studies improve 
understanding of  the influence of  artificial 
reefs on marine fish populations (Rooker et 
al. 1997; Streich et al. 2017). Additionally, 
these baseline data can help in monitoring 
changes in fish assemblages associated with 

environmental perturbations, including in-
vasive species introductions (e.g., lionfishes). 
Nevertheless, more comprehensive efforts 
on broad spatial scales are required to most 
effectively support fishery assessment and 
management. As did the above-mentioned 
studies, our study indicated significant differ-
ences in assemblage structure and, for cer-
tain taxa, size composition between artificial 
and geologic habitats. Although most species 
were observed in association with both artifi-
cial and geologic habitats, many species were 
more abundant in artificial habitats, so arti-
ficial reef  habitats are likely to serve locally 
as important habitat for a significant propor-
tion of  managed reef-fish populations.

Results from this study indicate that ar-
tificial reefs can be sampled with BRUVs, 
although important questions remain as to 
the overall effectiveness of  this approach, in-
cluding evaluation of  gear selectivity (Wells 
et al. 2008; Patterson et al. 2014). In gener-
al, stationary camera gear is more effective 
at sampling reef-associated species across a 
wide range of  sizes in comparison to tradi-
tional hooked gears and traps (Bacheler et 
al. 2013). Nevertheless, there are concerns 
regarding deploying remote sampling gear 
near complex habitats such as sunken ves-
sels, complex artificial reef  modules, or natu-
rally forming pinnacles. While most geologic 
habitats in the northern Gulf  of  Mexico 
consist of  low-relief  reefs covering large ex-
panses, artificial reefs typically have a small-
er footprint with higher relief, presenting a 
twofold challenge to field logistics. Chiefly, 
it may be difficult to effectively target small-
scale reef  features with stationary sampling 
gear deployed remotely from the ocean sur-
face. Second, retrieval of  sampling gear near 
high-relief  reef  habitats is also challenging. 
During this study, cameras were deployed 37 
times over high-relief  (>2 m) artificial habi-
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tats, including sunken vessels and tanks and 
reef  modules, as well as six times on ledges 
(high-relief  geologic habitats). All gear was 
recovered. We also successfully deployed and 
recovered BRUVs on small-scale geologic 
features such as depressions (n = 92), many 
of  which were only 3–4 m across. Detectabil-
ity of  fish should also be considered. Many 
fish may occupy positions above the field of  
view of  the cameras (i.e., higher in the water 
column) or reside within complex structure 
out of  view of  the BRUV (a characteristic of  
high-relief  artificial and geologic reefs). Mea-
sures of  selectivity and gear effectiveness on 
reef  habitats may therefore benefit from the 
use of  complementary sampling approaches, 
including active acoustics and ROVs (Dance 
et al. 2011; Streich et al. 2017).

Evidence suggested that overall fish as-
semblages differed between artificial and 
geologic habitats, but the breadth of  our 
sampling effort revealed other differences 
among several artificial reef  habitat groups. 
All four geologic habitats supported similar 
reef-fish assemblages that generally differed 
from those of  artificial habitats by more 
abundant smaller-bodied species such as Blue 
Angelfish, Bank Sea Bass, Yellowtail Reef- 
fish, and Tattler Serranus phoebe. These species 
are more likely to feed on benthic inverte-
brates than are the more pelagic and piscivo-
rous species such as Red Snapper or Greater 
Amberjack (Nelson and Bortone 1996). In 
contrast, the planktivorous Tomtate (Nor-
berg 2015) occurred in greater densities in 
artificial reef  habitats. Among artificial reef  
habitats, several distinct habitat groupings 
were evident. Interestingly, chicken-transport 
cages supported a unique assemblage char-
acterized by greater abundances of  Tomtate, 
Red Snapper, and lionfishes. Chicken-trans-
port cages, often featuring strong vertical re-
lief  (2–3 m; author’s personal observation), 

were generally isolated and surrounded by 
sand. Because they were most often seen in 
areas devoid of  other reef  habitats, they are 
probably private reefs that few anglers could 
find. Therefore, these habitats may serve as 
refugia, experiencing lower fishing rates than 
other better known reefs, natural or artifi-
cial (Addis et al. 2013). Further information 
is needed to support or refute this assertion, 
however, as length frequency data from Red 
Snapper indicated that juveniles also may re-
cruit to these types of  habitats (Szedlmayer 
and Conti 1999). Unidentified depressions, 
initially considered similar in origin to pot-
holes excavated and maintained by Red Grou-
per (Coleman et al. 2010; Harter et al. 2017), 
were found to be chiefly anthropogenic. Red 
Grouper were never observed in association 
with these unidentified depressions, which 
were more likely created by mechanisms such 
as scouring or excavation from other species. 
Similarity in assemblage structure among un-
identified depressions, unidentified artificial 
reefs, reef  modules, and construction material 
is notable as it may indicate depressions func-
tion similarly to artificial habitats. The ecologi-
cal function of  these habitats warrants further 
investigation because for several managed 
reef  species (e.g., Red Snapper, Gray Snapper, 
Vermilion Snapper, and Gray Triggerfish), 
they typically supported larger individuals.

Habitat
In general, our understanding of  the distri-
bution of  benthic habitats in the nearshore 
waters of  the northeastern Gulf  of  Mexi-
co is limited, although general descriptions 
from Davis (2017) and McBride and Byrnes 
(1995) summarize sediment composition 
and large-scale structure. Habitat mapping 
efforts in support of  this project yielded 
valuable insights into the quantity and distri-
bution of  reef  habitats in the region. Within 
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the area described in this study (10,885 km2), 
more than 600 km2 has been surveyed and 
approximately 1% of  the area we mapped 
contained reef  habitat. The majority of  the 
reef  habitat identified (i.e., flat hard bottom 
[5.577 km2]) has little vertical relief, although 
these habitats often support rich epifaunal 
assemblages (e.g., sponges, soft corals, etc.). 
Though not within the scope of  this project, 
the spatial distribution and composition of  
reef  habitat in the area as elucidated in this 
study does provide insight that will be help-
ful for planned restoration activities. The 
large areas of  unconsolidated sediment we 
mapped could be considered for future arti-
ficial reef  deployments or considered as po-
tential sources for beach renourishment (i.e., 
the addition of  sand to beaches) projects.

The state of  Florida has one of  the most 
active artificial reef  programs in the United 
States (FWC 2003), with thousands of  ar-
tificial reefs in its waters and 3,000 more 
planned in association with Natural Resource 
Damage Assessment oil spill recovery efforts 
(Mille, personal communication). Within the 
study area, more than 600 artificial reefs have 
been documented, representing more than 
20% of  all the artificial reefs known by FWC. 
Although most reefs occur in artificial reef  
permit zones established by the FWC, our 
mapping effort identified hundreds of  addi-
tional, unreported private reefs on the shelf. 
When considering that only 5% of  the study 
area has been mapped, well more than 3,000 
such habitats may exist within the unmapped 
portions of  the region. Individual private 
reefs are small in scale, but cumulatively, they 
may represent a significant component of  
reef  habitat in the region.

Recommendations
This study is an important first step toward 
incorporating standardized methods for 

evaluating reef-fish communities across mul-
tiple habitats in a large region. Our results 
highlight the advantages of  a randomized 
approach to habitat mapping in support of  
fishery-independent surveys. This approach 
provides reasonable estimates of  habitat 
quantity and quality that are likely represen-
tative of  those in unmapped areas; therefore, 
information from these surveys can reason-
ably be extrapolated to provide regionwide 
estimates of  habitat availability. There is in-
creased demand for finer-scale spatial data 
to further inform the assessment and man-
agement of  reef-fishes, and the collection 
of  concurrent fish-habitat data is critical for 
accurate regionwide estimates of  population 
status (Campbell et al. 2015; Karnauskas et al. 
2017; Streich et al. 2017). The sampling gear 
used in this study (i.e., stereo-video-equipped 
BRUVs) provided valuable data (counts and 
lengths) for multiple species across complex 
habitats in a standardized manner. Moreover, 
data from this survey have already been used 
to produce regionwide estimates of  size com-
position of  Red Snapper for artificial and geo-
logic reef  habitats (Walter et al. 2017). Moving 
forward, data from FWC and ongoing NMFS 
surveys will be modeled to generate relative 
abundance indices that more accurately reflect 
temporal changes in population abundance by 
including data from both geologic and artifi-
cial reef  habitats.

Many unreported artificial habitats have 
been identified through habitat mapping, 
and considerations should be made as to 
how to appropriately incorporate these un-
reported artificial reefs into the survey de-
sign (Dance 2008; Addis et al. 2013). Fish-
ing pressure and fishing mortality are known 
to differ between reported and unreported 
artificial reefs (Simard et al. 2016), but with 
improved navigational and acoustic sensing 
technology, anglers eventually discover most 
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larger, private reefs. Many of  the unreported 
reefs identified in this study are small and so 
less likely to be exploited. If  these habitats 
were incorporated into ongoing surveys as a 
distinct habitat type, information would be 
generated to better explain their function 
compared with those of  reported and geo-
logic reefs in the region. Artificial reefs are 
used extensively as restoration tools to miti-
gate lost angling opportunities, so their func-
tion in the Gulf  and their relative influence 
on managed reef  species (e.g., Red Snapper, 
Gray Triggerfish, and Greater Amberjack) 
merits standardized and routine monitoring 
to improve stock assessment and manage-
ment efforts. Our findings indicated that 
similar reef-fish communities exist on differ-
ent artificial reef  materials, which will con-
tribute to evolving fishery-independent sur-
vey design, improve efficiency, and increase 
confidence in relative abundance estimates.
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