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Assessing the size spectra of marine fish communities with
hydroacoustics: examining the challenges of abundant schools,
diverse assemblages, and variable orientations
Derek G. Bolser, Jack P. Egerton, Philip M. Souza, Jr., Kevin M. Boswell, and Brad E. Erisman

Abstract: Assessing marine fish community size spectra with hydroacoustics is challenging, as communities are diverse,
schooling and swim-bladder-less fishes are common, and fish orientation is variable. We developed an approach to examine
these challenges and applied it to data from 51 optic–acoustic surveys of fishes at petroleum platforms throughout the
US Gulf of Mexico. When in situ target strength (TS; dB re 1 m2) distributions were used to calculate the density (and subse-
quently abundance) of schooling fishes, fish lengths and size spectra slopes were significantly smaller than in simulated
communities and fish community censuses at platforms (i.e., reference datasets). However, acoustic slopes were comparable
to reference slopes when simulated TS values (based on species composition) were used to calculate schooling fish abun-
dance. These findings held regardless of whether specific or general models were used to convert TS to length. Fish orienta-
tion was not a useful predictor of TS or slope, but may explain why in situ TS measurements from small groups of fishes
around schools were unsuitable for abundance calculations. By examining the challenges associated with assessing size
spectra with acoustics, this study aids progress towards using acoustic size spectra metrics for ecological inferences.

Résumé : L’évaluation des spectres de tailles de communautés de poissons marins par des méthodes hydroacoustiques est
difficile, en raison de la diversité de ces communautés, du fait qu’il y a souvent des poissons en bancs et des poissons sans
vessie natatoire et de l’orientation variable des poissons. Nous présentons une approche permettant d’examiner ces diffi-
cultés et l’appliquons aux données de 51 relevés optiques-acoustiques de poissons autour de plateformes pétrolières répar-
ties dans toute la portion américaine du golfe du Mexique. Quand les distributions des indices de réflexion (TS; dB re 1 m2)
in situ sont utilisées pour calculer la densité (et ensuite l’abondance) des poissons en banc, les longueurs de poissons et les
pentes des spectres de tailles sont significativement plus faibles que les valeurs pour les communautés simulées et issues de
recensements des communautés de poissons autour de plateformes (c.-à-d. des ensembles de données de référence). Les
pentes acoustiques sont toutefois semblables aux pentes de référence quand des valeurs de TS simulées (basées sur la com-
position spécifique) sont utilisées pour calculer l’abondance de poissons en banc. Ces constatations persistent peu importe
si des modèles spécifiques ou généraux sont utilisés pour la conversion de TS en longueur. L’orientation des poissons n’est
pas un prédicteur utile du TS ou de la pente, mais pourrait expliquer pourquoi les mesures in situ du TS de petits groupes
de poissons autour de bancs ne se prêtent pas au calcul de l’abondance. En examinant les difficultés associées à l’évaluation
des spectres de tailles par des méthodes acoustiques, l’étude constitue un pas de plus vers l’utilisation de mesures acous-
tiques des spectres de tailles pour établir des inférences écologiques. [Traduit par la Rédaction]

Introduction
Communities of aquatic organisms are typically structured as

pyramids in which many small individuals support fewer larger
individuals, and the relationship between abundance and sizemay
be described by a power law function (Elton 1946; Trebilco et al.
2013; Sprules and Barth 2016). These abundance pyramids — and
the inverted pyramids describing biomass distribution — may be
represented as size spectra, which are often quantitatively assessed
by regressing logged abundance or biomass against logged bins of
length or biomass (Trebilco et al. 2013; Sprules and Barth 2016;

Edwards et al. 2017). Size spectra slopes can also be estimated by
fitting a probability density function to size distribution data to
remove biases associated with binning (Edwards et al. 2017). One
of the most informative metrics coming from this type of analysis
is the slope of the regression line or probability distribution, which
describes how the abundance or biomass of small organisms com-
pares to the abundance or biomass of large organisms (Bianchi et al.
2000; Daan et al. 2005; Sweeting et al. 2009).
The size spectrum of an aquatic community reflects energy

flow between trophic levels and the ecological processes that
shape it (Trebilco et al. 2013; Sprules and Barth 2016). As such, the

Received 29 June 2021. Accepted 13 January 2022.

D.G. Bolser. The University of Texas at Austin, Marine Science Institute, 750 Channel View Drive, Port Aransas, TX 78373, USA; Cooperative Institute for
Marine Resources Studies –Hatfield Marine Science Center, Oregon State University, 2030 SE Marine Science Drive, Newport, OR 97365, USA.
J.P. Egerton. The University of Texas at Austin, Marine Science Institute, 750 Channel View Drive, Port Aransas, TX 78373, USA; Echology Ltd., Tawelfan,
New St., Menai Bridge, LL95 HN, UK.
P.M. Souza, Jr. The University of Texas at Austin, Marine Science Institute, 750 Channel View Drive, Port Aransas, TX 78373, USA.
K.M. Boswell. Institute of Environment, Florida International University, College of Arts, Sciences, and Education, 11200 SW 8th St., #450, Miami, FL 33199, USA.
B.E. Erisman. The University of Texas at Austin, Marine Science Institute, 750 Channel View Drive, Port Aransas, TX 78373, USA; NOAA Southwest Fisheries
Science Center, 8901 La Jolla Shores Dr., La Jolla, CA 92307, USA.

Corresponding author:Derek G. Bolser (email: bolserd@oregonstate.edu).
© 2022 The Author(s). Permission for reuse (free in most cases) can be obtained from copyright.com.

Can. J. Fish. Aquat. Sci. 79: 1255–1268 (2022) dx.doi.org/10.1139/cjfas-2021-0189 Published at www.cdnsciencepub.com/cjfas on 28 January 2022.

1255

C
an

. J
. F

is
h.

 A
qu

at
. S

ci
. D

ow
nl

oa
de

d 
fr

om
 c

dn
sc

ie
nc

ep
ub

.c
om

 b
y 

N
O

A
A

 C
E

N
T

R
A

L
 o

n 
06

/0
5/

23
 F

or
 p

er
so

na
l u

se
 o

nl
y.

 

https://marketplace.copyright.com/rs-ui-web/mp
https://marketplace.copyright.com/rs-ui-web/mp
http://dx.doi.org/10.1139/cjfas-2021-0189


size spectra concept has been used to understand food web struc-
ture, macroecology, and the influence of environmental stressors
or anthropogenic activities on aquatic communities (Wilson et al.
2010; Blanchard et al. 2017; Heneghan et al. 2019). For example, fish-
ing preferentially removes larger individuals and species (Mason
1998; Jennings and Kaiser 1998; Berkeley et al. 2004), resulting in
steepening (i.e., more negative) size spectra slopes for fish com-
munities over time and increasing fishing activity (Pope and
Knights 1982; Blanchard et al. 2009; Robinson et al. 2017). The
size spectra of fish communities may also reveal differences in
ecosystem productivity, with communities in areas of high pro-
ductivity exhibiting steep size spectra slopes due to a high rela-
tive abundance of small, planktivorous fishes (Emmrich et al. 2011;
Secor 2015). Since size is thought to be the primary determinant of
many biological processes in marine organisms (Andersen et al.
2016), size-based community metrics, such as the slope of the size
spectrum, are attractive for application in Ecosystem-Based Fish-
eriesManagement (Jennings andDulvy 2005; Shin et al. 2005).
Due to its noninvasive nature and limited selectivity bias com-

pared to othermethods, split-beamhydroacoustics (Table 1; herein-
after “acoustics”) represents a promising tool for rapidly collecting
the data necessary to assess the size spectra of fish communities
(Trenkel et al. 2011). Acoustics has been applied successfully to
assess the size spectra of fish communities in freshwater systems
(e.g., Yurista et al. 2014; Wheeland and Rose 2016; de Kerckhove
et al. 2016), although the results of validation studies that compared
acoustically derived size spectra with size spectra estimated with
other gears have been inconsistent (Coll et al. 2007; de Kerckhove
et al. 2016;Daigle 2017). Acoustic technology is not commonly applied
to assess the size spectra of marine fish communities, as doing
so involves dealing with significant assumptions and uncertainties
related to the diverse assemblages and behaviors of marine fishes
(Egerton 2017). The potential benefits of using acoustics to study the
size spectra of marine fish communities (e.g., noninvasive, rapid
assessments)make efforts to address these challengesworthwhile.
Perhaps the greatest challenge in assessing fish size spectra

with acoustics is relating target strength (Table 1; TS, dB re 1 m2)
to fish length (Simmonds and MacLennan 2008). Acoustic size
spectra studies typically employ an empirically derived general
TS–length relationship across species (e.g., Yurista et al. 2014;

Wheeland and Rose 2016; de Kerckhove et al. 2016). However,
converting TS to length is most accurate when a specific model is
developed for each species of fish observed, as fish swim bladder
morphology (or lack of swim bladder) greatly influences TS (Foote
1980; McClatchie et al. 1996a; Simmonds and MacLennan 2008).
Specific models do not exist for many common species in marine
environments, and though applying species-specific TS–length
relationships to species other than the species for which the
model was derived is generally not advisable (Foote 1979;McClatchie
et al. 1996a), some species within some families may exhibit similar
scattering properties (e.g., Benoit-Bird et al. 2003; Boswell et al.
2020). Even so, the coexistence of swim-bladdered and bladder-
less fishes that is often observed in marine environments com-
plicates the application of TS–length models, as TS distributions
may overlap between small swim-bladdered fishes and larger
bladder-less fishes.
Relating TS to fish length is further complicated by the effect

of fish orientation, relative to the transducer face, on variation in
measured backscatter. Since fishes with varying orientations rel-
ative to the transducer present different cross-sections of their
swim bladder (or body for bladder-less fishes), themeasured TS of
a fish can vary significantly (Nakken and Olsen 1977; McClatchie
et al. 1996b; Simmonds and MacLennan 2008). It is possible to col-
lect data on the orientation of fishes by acoustically tracking
them through successive “pings” (Table 1), but incorporating the
effect of orientation in TS–length models can be challenging.
There are few TS–length models that account for orientation (e.g.,
Kube�cka 1994; Lilja et al. 2000; Johnson et al. 2019), so the influence
of fish orientation on size spectra metrics must be investigated
through simulations (de Kerckhove et al. 2016) and statistical
comparisons.
The presence of schooling fishes also affects the ability of acoustics

to describe the size spectra of fish communities. Inmost schools, it is
not possible to isolate valid single targets or tracked fishes (Table 1).
Accordingly, the TS of individual fishes cannot be measured, and
assumptions must be made to estimate the TS distribution and
number of fishes within schools. Inmany acoustic studies, ground-
truthing data (Table 1) are collected through direct capture
approaches (e.g., de Blois 2020), but this approach is not possible in
all habitat types. Another approach is to use in situ TS measurements

Table 1. Simple definitions, abbreviations, and units for acoustics-related terminology as they are used in this paper.

Term
Abbreviation or
symbol, unit Simple definition

Split-beam hydroacoustics Acoustics “Active” acoustic technology in which a transducer emits a pulse of sound (i.e, “ping”) into the
water column and records the reflected reverberation (i.e., “backscatter”). The transducer
elements are split into quadrants, which facilitates target tracking andmeasurements of fish
orientation and change in range

Volume backscattering
strength

Sv, dB re 1 m�1 Mean backscattered acoustic energy measured in a volume of water

Volume backscattering
coefficient

sv, m
�1 Volume backscattering strength in the linear domain

Target strength TS, dB re 1 m2 Backscattered acoustic energy that is attributed to a single target
Backscattering cross-section sbs, m

2 Target strength in the linear domain
In situ target strength In situ TS, dB re 1m2 Target strengthmeasurements made in the field, as opposed to measurements made in the

laboratory, simulated measurements, or measurements converted from lengths
Single target — An individual fish detected with acoustics
Tracked fish — An individual fish whose reverberated acoustic energy has been recorded in multiple

successive pings
School — Dense group of fishes in which single targets or tracked fishes cannot be isolated
Ground-truthing data — Data that are complementary to acoustic data. These data are required to assign taxonomic

information to acoustic data, and depending on the type of data, corroborate estimates of
length derived from converting TS to length

Orientation Degrees The tilt angle of a fish relative to the acoustic transducer

Note: Information follows MacLennan et al. (2002) and Simmonds and MacLennan (2008), which we refer the reader to for more complete definitions and further
details.
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(Table 1) to represent the mean or distribution of TS within a
school for scaling school volume backscattering strength (Table 1;
Sv, dB re 1 m�1) to fish density and subsequently abundance (e.g.,
MacLennan 1990; Boswell et al. 2010; Scoulding et al. 2017). How-
ever, it is not possible to test if the TS of surrounding single targets
is representative of the TS of fishes within schools with acoustic
data alone. At present, the degree to which specifying the TS dis-
tribution of schools in different ways affects acoustic size spec-
tra estimates is unknown.
To evaluate the challenges associated with using acoustics to

estimate the size spectra of marine fish communities, we (1) com-
pared size spectra slopes and fish lengths derived from acoustic
data with those derived from published fish community censuses
and simulated communities based on species composition (i.e.,
reference datasets), including an evaluation of the impact of
using different sources of TS data for scaling school Sv (in situ TS
distributions vs. simulated TS distributions based on three differ-
ent scenarios for species composition); (2) examined the impact
of using general or species-specific TS–length models on size
spectra slopes and fish lengths; and (3) quantified the effect of
tracked fish orientation on TS and size spectra slopes.We present
our approach in a generalized manner and describe its applica-
tion to an optic–acoustic dataset collected at petroleum plat-
forms in the US Gulf of Mexico (GOM). This investigation of
acoustic size spectra is the first to consider the effect of different
treatments of school Sv and TS, compare results derived from
general and specific TS–length models, and place the associated
variability in the context of other known effects on acoustic size
spectra (e.g., fish orientation). By quantitatively examining sour-
ces of bias, uncertainty, and variability in a dataset of diverse reef
fish communities, the present study represents an important
step towards operationalizing acoustic size spectra metrics for
ecological inferences.

Methods

Overview
Here, we explain our methodology for assessing the impact of

different treatments of acoustic data on size spectra slopes (Fig. 1)
to address the goals and challenges stated above. The approach
we describe can be applied in situations where both schooling
and tracked fishes are detected in acoustic data and ground-
truthing data are available to address similar goals. We describe
our application of this methodology to an optic-acoustic data col-
lected at petroleum platforms in US waters of the GOM and out-
line how we compared results derived from those data with
reference datasets. In total, we compared 7 datasets: 5 in which
fish length information was derived from acoustics or a combi-
nation of acoustics and simulations and 2 in which length infor-
mation was derived from field collections or simulations (i.e.,
reference datasets; Fig. 2). To facilitate easier interpretation of
acoustic methodology, we listed simple definitions, abbrevia-
tions, and units for acoustic-related terminology in Table 1.
We first present the generalizable methodology that we used

to generate the 5 datasets in which acoustics, or a combination of
acoustics and simulations, were used to estimate fish length and
estimate size spectra (Figs. 1, 2). We begin with describing four
options for calculating the abundance of schooling fishes at each
site that were designed to represent different scenarios for the
species and size composition of schooling fishes (Fig. 2). These
four options consisted of using either in situ TSmeasurements or
three different ranges of simulated TS values to scale the Sv of
schools to fish abundance (Fig. 2). After schooling fish abundance
is estimated at each site via each of the four options (comprising
separate datasets for each option), the schooling fish data are
combined with tracked (i.e., non-schooling) fish data for each site
in each dataset. Every fish at every site in each dataset is associ-
ated with an estimate of TS, which is converted to length in one

Fig. 1. Overview of the process of estimating size spectra with hydroacoustics with common issues, sensitivity analyses to address those
issues, and guidance. [Colour online.]
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of two ways — one of which requires information about species
composition (conducted in all datasets), the other of which does
not (conducted for the in situ school TS dataset; Fig. 2). This pro-
cess results in a complete representation of the lengths of all
fishes at every site in each dataset that were sampled by acoustics
and five datasets total (four in which TS was converted to length
with specific TS–length models, one in which TS was converted
to length with a general TS–length model; Fig. 2). With these
data, we then calculate size spectra slopes for the fish commun-
ities sampled by acoustics at each site in each dataset. We con-
clude our generalizable methodology by describing four ways for
calculating the influence of fish orientation on TS and size spec-
tra slopes.
For our application of this methodology, we describe how optic

and acoustic datawere collected at petroleumplatforms throughout
the US GOM and how our two reference datasets were generated.
We also explain how we adapted our generalizable methodology to
our specific data, including the parameters of our simulations and
which specific TS–length models were used in our example. Finally,
we describe the statistical comparisons we made between results
derived fromdifferent acoustic and reference datasets.

Calculation of fish abundance within schools: 4 scenarios
We developed four different scenarios for relating school Sv to

the abundance of fishes within schools (summarized in Fig. 2) at
each site. In the first, the Sv of schools is scaled by the in situ TS
distribution of single targets around them (1–3m from the school
boundary, or the nearest possible values if none existed within
that range) to calculate fish density. Then, density estimates are
converted to abundance using the volume of the school. This pro-
cedure is conducted in the followingmanner:

ð1Þ N ¼
Xi

n

sv
sbsi

ðpiVÞ

where N is the number of fishes in a given school, sv is the volume
backscattering coefficient (Table 1), sbsi is the backscattering cross-
section (Table 1) of single targets around the school in 3-dB bin i,
pi is the proportion of single target observations around the
given school within TS bin i (relative to the total number of sin-
gle targets around the school), and V is the volume of the school.
The midpoint of each 3-dB bin is used to represent the TS of sin-
gle targets within the bin. Following the abundance calculation,
each fish is assigned the value of sbsi that was used to estimate
abundance in the proportion of school volume that the fish
came from. In calculating fish density with TS values from single
targets around the school, we assume that single targets around
schools are representative of targets within schools. As described
below,we also investigated alternate assumptions.
In the other three scenarios, the same procedure can be used to

calculate the abundance of fish in schools. However, the TS val-
ues used to scale the Sv of the school differs. In each scenario, a
simulated value of TS is generated for each single target around a
given school observed in the acoustic data. The parameters of the
simulation differ between the scenarios, which were designed to
represent three possible situations based on species composi-
tions and fish behavior: (1) single targets around schools were
composed of all species observed in ground-truthing data, (2) sin-
gle targets around schools were composed of the small pelagic
species that typically form dense fish schools, and (3) single tar-
gets around schools were composed of large piscivorous species
that may prey upon the small pelagic schooling species. In the
first of these scenarios, TS values are simulated from a truncated
normal distribution centered around the mean expected TS of all
species observed in ground-truthing data. Expected TS is esti-
mated by converting lengths from the ground-truthing data using
species-specific TS–lengthmodels (described in greater detail in the
subsequent section). The distribution is truncated by a lower value
of the smallest expected TS in the ground-truthing data, and an

Fig. 2. Simplified workflow for estimating the abundance of fishes, generating the datasets analyzed in this study, and terminology used
to describe the datasets. [Colour online.]
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upper value of the largest expected TS in the ground-truthing data.
The standard deviation of the distribution is set to the standard
deviation of expected TS among all species in the ground-truthing
data. Accordingly, our procedure simulates a TS value for each sin-
gle target around each school from a distribution informed by the
expected TS values of all species observed. The procedure for
assigning species identities to each TS observation after abundance
estimation for the purposes of TS–length conversion is described
below in the section “Conversion of TS to length”.
The same procedure can be followed to generate TS values for

single targets around schools in the remaining scenarios, but
using only expected TS values for small pelagic species in the sec-
ond of these scenarios and only expected TS values for large pis-
civorous species in the third. These scenarios were developed to
evaluate the consequences of scaling school Sv with TS observa-
tions from species that may not have been represented within
dense schools, yet were encountered in the surrounding area.
Following abundance estimation and TS assignment in every

scenario, the schooling fish data (i.e., the total abundance and TS
distribution of schooling fishes) is added to data from tracked
fishes (i.e., the total abundance and TS distribution of non-schooling
fishes) that were recorded by the echosounder and detected with
a fish tracking algorithm (explained in detail below in the section
“Acoustic data processing”) to form a dataset of the total abun-
dance and TS distribution of fishes sampled by the echosounder
(i.e., water column fishes) at each site. This procedure is conducted
separately for each study site in each scenario.

Conversion of TS to length: general and specificmodels
The TS of fishes can be converted to length in two ways to iden-

tify the impact of TS–length model choice on size spectra slopes.
For the first approach to converting TS to length, the general TS–
lengthmodel of Love (1971) is applied to all data to represent a sit-
uation in which no ground-truthing data were available and the
species sampled were unknown. The TS–length model of Love
(1971) for 120 kHz transducers is

ð2Þ Length ¼ 10TSþ63:85=19:1

For the second approach to converting TS to length, specific
TS–length models are chosen based on the identity of the species
recorded in ground-truthing data. To apply these models, it is
necessary to assign a species identity to each TS observation. This
is done by (1) converting length from ground-truthing data for
each species to TS using the closest published TS–length formula
for the observed species; (2) ordering the species from smallest to
largest predicted TS value and similarly ordering the TS dataset
from smallest to largest for each survey; (3) proportionally assigning
TS observations a species identity in order based on the observed
relative abundance of species; and (4) applying TS–length models
to TS values by their assigned species to estimate lengths.

Estimation of size spectra slopes
Size spectra slopes for each site in each dataset can be calcu-

lated following the maximum likelihood estimation method of
Edwards et al. (2017). Briefly, the slope of a bounded power law
distribution fit to size distribution data are estimated in this
method, rather than binning data and estimating size spectrum
slope with linear regression. In this method, the probability den-
sity function for the body size of an individual fish is

ð3Þ f xð Þ ¼ Cxb; xmin � x � xmax

where

ð4Þ C ¼
bþ 1

xbþ1
max � xbþ1

min

; b 6¼ �1

1
logxmax � logxmin

; b ¼ �1

8>>><
>>>:

and x represents possible values of the body size of an individual
fish, log is the natural logarithm, b is an exponent (the parameter
that describes size spectrum slope, estimated via maximum likeli-
hood), and xmin and xmax represent the minimum and maximum
values of length or body mass (with 0< xmin< xmax) (Edwards et al.
2017). C is a normalization constant and is calculated by solvingðxmax

xmin

f xð Þdx ¼ 1 (Edwards et al. 2017). Accordingly, the abundance

density function for a community of n individuals is

ð5Þ N xð Þ ¼ nf xð Þ ¼ nCxb; xmin � x � xmax

Influence of fish orientation on TS and size spectra slopes
The impact of fish orientation relative to the acoustic trans-

ducer on size spectra slopes and fish lengths can be investigated
using the orientation angle of tracked fishes (“Direction_vertical”
in Echoview; Echoview Software Pty.) in four ways. First, one can
calculate the mean and standard deviation of orientation angle
and absolute angle of all trackedfishes in each survey to determine
if fishes were oriented normally to the acoustic transducer on
average. Second, generalized linear models (GLMs) or generalized
additive models (GAMs) can be used to examine the effect of ori-
entation angle and absolute angle on TS. Third, the effect of aver-
age orientation angle and absolute angle on size spectra slopes
can be investigated using GLMs or GAMs. Fourth, the method of
de Kerckhove et al. (2016) can be employed to quantify the coeffi-
cient of variation (CV) in size spectra slopes at each site that is
associated with variable estimates of TS due to variable fish ori-
entation. This entails randomly assigning each fish a new TS value
by sampling from a truncated normal distribution (truncated to the
TS thresholds) with a mean equal to its observed TS and a standard
deviation equal to the standard deviation of TS of all fish tracks
(de Kerckhove et al. 2016). This process is iterated 1000 times for each
site and the slope of the size spectrum for each of the 1000 datasets
is estimated, followed by the calculation of the mean and standard
deviation of slopes for each site (de Kerckhove et al. 2016).

Study area and data collection
Data for the application of our generalizable methodology

were collected at 48 petroleum platforms throughout the north-
ern US GOM over a two-year period (May through August of 2017
and 2018; Fig. 3). Forty-five of the platforms were surveyed once
in a single year, and 3 of the platforms were surveyed twice (once
in each year). Site visits were analyzed separately in this study.
The study platforms were selected via random sampling among
depth strata sensu Gallaway and Lewbel (1982). The study area
and data collection procedures were described in greater detail
by Bolser et al. (2020, 2021) and Egerton et al. (2021).
A Simrad EK80 split-beam echosounder with a 120 kHz trans-

ducer (circular beam width of 6.8°; pulse duration = 0.128 ms;
ping rate = “max”) was employed for acoustic surveys. Ping rate
was set to max to achieve the highest resolution possible across
the range of depths at our study sites (11–142m). The echosounder
was calibrated using a tungsten carbide sphere according to
standard methods prior to each survey event (Demer et al. 2015).
The transducer was deployed at a depth of 1 m using a custom-
ized mount on the starboard side of the survey vessel and aimed
directly downwards. The survey track followed a spiral pattern
beginning as close to the platform as possible (typically �3 m
from the legs) and ending approximately 100 m from the plat-
form structure (Egerton et al. 2021; Bolser et al. 2021). “Passes”
were separated by approximately 20m and an additional transect
was conducted perpendicular to the spiral transects on each side
of the platform structure (see figure 2 in Egerton et al. 2021).
To collect data on the identity and relative abundance of fish

species, a self-rotating video (SRV) drop-camera was deployed on
the down-current side of the platform at 10-m depth intervals for
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6–7 min each and at one additional location within 100 m of the
study platform in the same manner if a large school of fishes was
observed on the echosounder to include transient schools of pe-
lagic fishes that were recorded by the echosounder. More details
on camera sampling were reported by Bolser et al. (2020, 2021)
andmay be found in the online Supplementarymaterial S71.

Acoustic data processing
Acoustic data were processed using Echoview software

(version 10; Echoview Software Pty.) following standard procedures
(Parker-Stetter 2009). The first 1–3 m of the water column (depend-
ing on sea state) were removed to account for the near-field effect
of the transducer and to exclude bubbles caused by wave action
(Simmonds and MacLennan 2008). Similarly, a 1-m exclusion zone
was applied above the seafloor to account for the hydroacoustic
dead zone near the seabed (Ona andMitson 1996). Echograms were
scrutinized to remove bubbles that penetrated deeper into the
water column, electronic noise, and the platform structure. Back-
ground noise was removed using the Echoview background removal
operatorwith amaximumnoise value of 125 dB andminimumsignal
to noise ratio of 10 dB.TS datawere thresholded at –55 dB (minimum)
and –20 dB (maximum), and Sv data were thresholded based on a
value of –61 dB TSu (uncompensated target strength, minimum
threshold) following Parker-Stetter (2009) and Rudstam et al. (2009)
to account for off-axis detections. These thresholds were chosen to
exclude most planktonic scattering sources and include most
fishes, but we acknowledge that large plankton and invertebrates
may not have been completely excluded.
To generate a complete representation of the fish community

sampled acoustically, this analysis included tracked fishes and
schools of fishes. We note that cryptobenthic fishes and fishes
that were tightly associated with the platform structure likely
were not sampled by the echosounder due to our conservative
treatment of the seafloor and platform structure, and inherent

limitations of interpreting reverberation in rugose habitats. A
fish tracking algorithm was employed within Echoview with pa-
rameters set to their defaults, and the mean TS across detections
was used to define the TS of each tracked fish. Similarly, the
school detection algorithm within Echoview was used to detect
and delineate school shapes within the echogramwithminimum
total school height, minimum candidate length, minimum can-
didate height, andminimum total school length set to 3m, maxi-
mum vertical linking distance set to 5 m, and maximum horizontal
linking distance set to 20 m. These parameters were chosen after
preliminary examinations of computing performance and school
detection success. Final school detections were verified by an an-
alyst. It was necessary to detect single targets to scale school Sv
(by in situ or simulated TS, with alternate TS values estimated for
each single target if scaling with simulated TS) and estimate the
abundance of fishes within schools. Single targets were detected in
Echoview using a pulse length determination level of 6 dB, mini-
mumnormalized pulse length of 0.7 seconds, andmaximumstand-
ard deviation of 0.6 degrees for major and minor axis angles.
The median number of single targets detected around schools
was 48 (SD = 133, range = 1–1369).

Generation of reference datasets
To validate acoustic size spectra, it is necessary to compare them

with the size spectra estimated with other methods. In rugose ma-
rine habitats such as the petroleumplatformswe sampled, logistical
constraints and gear biases (e.g., selectivity of hook-and-line sam-
pling, visibility and diver avoidance for stereo video, impracticality
of trawling around and over structure) limit the techniques that
researchers can use to assess size spectra. Ideally, one would ensure
an unbiased representation of community size structure by captur-
ing and measuring each individual in the community or by collect-
ing all individuals after a complete mortality event. While this was
not possible at our study sites, Gitschlag et al. (2001) censused fish

Fig. 3. Locations of the petroleum platforms surveyed in this study. Data from platforms where community censuses were conducted were
originally presented by Gitschlag et al. (2001), base map data are from Google, and the projection used in this map is WGS 84/Pseudo-Mercator.
[Colour online.]

1Supplementary data are available with the article at https://doi.org/10.1139/cjfas-2021-0189.
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communities after explosive decommissioning procedures at nine
petroleum platforms in the GOM (Fig. 3). These procedures are typi-
cally lethal for nearly all fishes within an approximately 100 m ra-
dius of the platform (Gitschlag et al. 2001; LGL Ecological Research
Associates 2019). Since fishes were collected immediately after deto-
nation using multiple surface and underwater gears, we assumed
that those fish collections accurately represented the fish com-
munities at those decommissioned platforms. We used the data
of Gitschlag et al. (2001) (hereinafter referred to as “community
census” data; dataset 1, Figs. 2, 3; available from https://catalog.
data.gov/dataset/fish-mortalities-from-explosive-removal-of-petroleum-
platforms-in-the-gulf-of-mexico-1993-to-1999) to estimate fish
community size spectra at each of their study sites as a reference
to compare our acoustically derived size spectra with.We acknowledge
that it is possible that the structure of fish communities at platforms
may have changed since the community census data were collected
but believe it to be the best available census of platform fish
communities.
In addition to the community census data, we simulated an

“expected” size distribution based on species composition for
comparison with our acoustically derived size spectra at each of
our study sites (dataset 2, Fig. 2). This simulated “expected” size
distribution dataset consisted of simulated communities at each
site based on the relative abundance of species from SRV camera
data (as estimated using the MaxN method (Priede et al. 1994);
described in detail by Bolser et al. (2020, 2021)), published biologi-
cal data for each species (community census, Gitschlag et al. (2001);
FishBase, Froese and Pauly (2020)), and absolute abundance of fishes
derived from the acoustic data (using in situ TS data to scale school
Sv to abundance). While the total abundance of fishes in this dataset
was estimated with acoustics, all size and relative abundance infor-
mation was estimated from non-acoustic data. Since the total num-
ber of fishes is simply a number to scale relative abundance by and
size informationwas independent of acoustic data, we believe it was
reasonable to make comparisons between results from this dataset
and those derived fromacoustic data.
To estimate the abundance of each species in the simulated

“expected” community dataset, the total abundance of fishes at
each site was multiplied by the proportional abundance of each
species from SRV camera data. Lengths were then assigned to
each fish of each species by randomly sampling from a truncated
normal distribution (R package “truncnorm”, version 1.0-8). The
distribution for each species was truncated by a lower value of
either the smallest fish of that species in the community census
(if observed in the community census dataset) or the length at
maturity from FishBase (if not observed), and an upper value of
the largest fish of that species in the community census or maxi-
mum length from FishBase. The distribution was centered around
either the mean length of that species in the community census or
the common length from FishBase. The standard deviation of the
distribution was set to the standard deviation of the length of that
species from the community census, or one half of the difference

between length at maturity and maximum length from FishBase.
Data for some of these parameters were not available for some spe-
cies from either data source, and the alternative data used are
described in the supplementary material (Supplementary Table
S6.11). These datasets were subsequently combined for all species
observed at each site to form a complete water column fish commu-
nity at each site. The basic characteristics and names of these data-
sets, as well as the others employed in our example, can be found in
Table 2.

Generation of simulated data for abundance estimation
scenarios
For the abundance estimation scenario in which single targets

around schools were deemed to be composed of all species observed
on SRV cameras, TS values were simulated from a truncated normal
distribution centered around the mean expected TS of all species
observed on SRV cameras. Expected TS was estimated by converting
lengths from the community census or FishBase using specific TS–
length models, which are described in detail in the subsequent sec-
tion and Table 3. The distribution was truncated by a lower value of
either the smallest expected TS in the community census of a species
that was observed on SRV cameras or the smallest expected TS con-
verted from the length atmaturity in FishBase of species observed on
SRV cameras, and an upper value of the largest expected TS in the
community census of a species that was observed on SRV cameras
or largest TS converted from the maximum length in FishBase of
species observed on SRV cameras. The standard deviation of the
distribution was set to the standard deviation of expected TS
among all species observed on the SRV cameras.
The same procedure was followed to generate TS values for sin-

gle targets around schools in the scenario in which TS values
were simulated from those expected for small pelagic species,
except that the simulation was based on the expected TS values
for the following species: Atlantic bumper (Chloroscombrus chrysurus),
Atlantic spadefish (Chaetodipterus faber), Bermuda chub (Kyphosus
sectatrix), blue runner (Caranx crysos), and Gulf menhaden (Bre-
voortia patronus). Dense schools of fishes at our study sites were
typically composed of these species (Bolser et al. 2020, 2021).
The same procedure was also followed to generate TS values

for single targets around schools in the scenario in which TS val-
ues were simulated from those expected for large piscivorous
species, except that the simulation was based on the expected TS
values for the following species: cobia (Rachycentron canadum), cre-
valle jack (Caranx hippos), great barracuda (Sphyraena barracuda),
greater amberjack (Seriola dumerili), horse-eye jack (Caranx latus),
and kingmackerel (Scomberomorus cavalla).
The basic characteristics and names of these datasets can be

found in Table 2. For convenience, the datasets generated through
scaling school Sv with simulated TS data are hereinafter collectively
referred to as the “simulated school TS datasets” (datasets 5–7, Fig. 2).
Similarly, the datasets generated using in situ TS data are hereinafter

Table 2. Information about the datasets employed in this study.

Dataset name Abbreviation
Source of
abundance data

Source of
length data

TS data used to
scale school Sv

Type of TS–length
model used

Community Census 1_Com. Cen._Avg. Len. Field collections Field collections NA NA
Simulated “expected” Community 2_Sim. Com._Avg. Len. Acoustics Simulations NA NA
General TS–lengthmodel dataset 3_in situ_Gen. TS–Len. Acoustics Acoustics In situ acoustic General
Specific TS–length model dataset 4_in situ_Spc. TS–Len. Acoustics Acoustics In situ acoustic Specific
Simulated school TS dataset—
all species

5_Sim. Schl. All_Spc. TS–Len. Acoustics Acoustics and
simulations

Simulated (all species
observed)

Specific

Simulated school TS dataset—
small species

6_Sim. Schl. Sm._Spc. TS–Len. Acoustics Acoustics and
simulations

Simulated (small species) Specific

Simulated school TS dataset—
large species

7_Sim. Schl. Lg._Spc. TS–Len. Acoustics Acoustics and
simulations

Simulated (large species) Specific
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collectively referred to as the “in situ school TS datasets” (datasets 3
and 4, Fig. 2).

Specific target strength–lengthmodels used
A species-specific model was not available for all of the 29 species

included in this study, so models for related species were used
(same species: 3 of 29; same genus: 5 of 29; same family: 21 of 29;
same order: 29 of 29; Table 3). For assigning a species identity to
each TS observation, we convertedmean length in the community
census (if the species was represented) or “common length” from
FishBase (if the species was not represented in the community
census data) of each species to TS using the closest published TS–
length formula for the observed species and proceeded with the
procedure described in the “Conversion of TS to length” section.
The dataset resulting from the application of this procedure to
the in situ school TS dataset is hereinafter referred to as the “Spe-
cific TS–length model dataset” (dataset 4, Fig. 2). In contrast, the
dataset resulting from the application of the Love (1971) model is
hereinafter referred to as the “General TS–length model dataset”
(dataset 3, Fig. 2). TS was converted to length using specific TS–
length models for each of the simulated school TS datasets (5–7,
Fig. 2).

Orientation analysis
We used Gamma GLMs with inverse link functions to examine

the effect of orientation angle and absolute angle on TS in our
example (base “stats” R package, version 3.6.1). We investigated
the effect of average orientation angle and absolute angle on size
spectra slopes using Gamma GLMs with log link functions (base
“stats” R package, version 3.6.1). These models were fit to the
absolute value of slope to facilitate the use of log link functions,
which, after preliminary examination of data properties, were
deemed to be most appropriate for these datasets. GAMs were
also explored for the second and third analyses, but their fits
were nearly identical to GLM fits, so GLMs were chosen for parsi-
mony. We conducted the simulation analysis of de Kerckhove
et al. (2016), which was designed to quantify the effect of varia-
tion in TS (due to variation in the orientation of fishes), on size
spectra slopes on the in situ school TS datasets (3 and 4, Fig. 2).

Statistical comparisons of size spectra slopes andmean
length of fishes between datasets
Nonparametric Kruskal–Wallis (KW) tests with Dunn’s multi-

ple comparison post hoc tests were used to determine significant
differences between size spectrum slopes generated from each
dataset in R Studio (Kruskal–Wallis test: base “stats” package, ver-
sion 3.6.1; Dunn’s post hoc test: “FSA” package, version 0.8.31;
Ogle et al. 2020). The same procedure was used to compare the
median length of fishes in each dataset.
Statistical comparisons were also conducted on all datasets

except for the community census after they were filtered to
include only surveys with good water clarity for ground-truthing
(SRV camera visibility score of >2.0 out of 3.0; see Bolser et al.
(2020) for scoring details) and a mean fish orientation angle
(from tracked fishes; see below) within 2.0° of normal to the hori-
zontal axis. The visibility threshold for SRV camera data was cho-
sen based on the analyses of Bolser et al. (2021), who linked SRV
camera and acoustic data and examined biases in a dataset con-
taining the study platforms. The threshold for orientation was
chosen as a relatively conservative level that removed outlying
slopes based on preliminary examination of the data. These anal-
yses were also conducted for data thresholded by visibility alone
and orientation angle alone. Mann–Whitney–Wilcoxon rank sum
tests were used to compare slopes and fish lengths between each
type of full and reduced datasets in R Studio (base “stats” R package,
version 3.6.1).

Results

Summary of species observed
A total of 29 species were observed by SRV cameras at our study

sites and considered in this analysis (listed in Table 3). We
observed 11 additional species but excluded them from the analy-
sis as they were unlikely to be detected by the echosounder due
to their close association with the platform structure or excep-
tionally low relative abundance (Bolser et al. 2021; Supplemen-
tary Table S7.11). The median Shannon–Wiener diversity at our
study sites was 2.08 (range: 0–2.71) and the median species rich-
ness was 8 (range: 1–15).

Table 3. Specific target strength (TS) to lengthmodels used for each species.

Model (reference)
Species that the model
is based on Species that the model was applied to

TS = 53.7 log10(length) – 130.2
(Foote 1980)

Scomber scombrus
(Scombridae, Scombriformes)

Scomberomorus cavalla (Scombridae), Sphyraena barracuda (Scombriformes),
Sphyraena guachancho (Scombriformes)

TS = 20 log10(length) – 80.4
(Zhang et al. 2014)

Epinephelus awoara
(Serranidae)

Serranidae spp. (groupers were not consistently identified to genus or species)

TS = 20 log10(length) – 65.4
(Kang et al. 2004)

Acanthopagrus schlegelii
(Sparidae)

Archosargus probatocephalus (Sparidae)

TS = 19.9 log10(length) – 66.7
(Boswell et al. 2020)

Balistes capriscus (Balistidae) Balistes capriscus, Canthidermis sufflamen (Balistidae)

TS = 20 log10(length) – 66.65
(Hwang et al. 2015)

Trachurus japonicus
(Caragnidae, Caragniformes)

Carangoides bartholomaei (Caragnidae), Carangoides ruber (Caragnidae), Caranx crysos
(Caragnidae), Caranx hippos (Caragnidae), Caranx latus (Caragnidae), Chloroscombrus
chrysurus (Caragnidae), Elagatis bipinnulata (Caragniformes), Oligoplites saurus
(Caragnidae), Rachycentron canadum (Caragniformes), Selene setapinnis (Caragnidae),
Selene vomer (Caragnidae), Seriola dumerili (Caragnidae), Seriola rivoliana (Caragnidae)

TS = 17.1 log10(length) – 60.3
(Boswell et al. 2020)

Lutjanus campechanus Lutjanus campechanus, Lutjanus grisus, Lutjanus jocu

TS = 18.2 log10(length) – 65.8
(Boswell et al. 2020)

Haemulon aurolineatum
(Haemulidae, Perciformes)

Chaetodipterus faber (Perciformes), Kyphosus sectatrix (Perciformes), Pomatomus
saltatrix (Perciformes), Scianops ocellatus (Perciformes)

TS = 18.8 log10(length) – 62.4
(Nakken and Olsen 1977)

Clupea harengus (Clupeidae) Brevoortia patronus (Clupeidae)

TS = 51.7 log10(length) – 118.6
(Boswell et al. 2020)

Rhomboplites aurorubens Rhomboplites aurorubens

Note: Family and order names are included to show the relatedness of each observed species to the species on which the model was based.
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Comparison of fish lengths
The KW test revealed that median fish lengths in all datasets

were significantly different from one another (KW x2 = 7 107 693,
p < 0.0001, df = 6; Fig. 4; Supplementary Table S1.61). The Dunn’s
post hoc test showed that median fish lengths from the commu-
nity census (dataset 1, Fig. 2) and simulated “expected” commun-
ities (dataset 2, Fig. 2) were longer than lengths derived from
acoustics (datasets 3–7, Fig. 2), particularly in the in situ TS data-
sets (3 and 4, Fig. 2), regardless of the type of TS–length model
used (Fig. 2; Table 4; Supplementary Table S1.61). Differences
between median fish lengths in each simulated scenario for
single targets around schools (datasets 5–7, Fig. 2) were small,
though statistically significant (Fig. 4; Table 4; Supplementary
Table S1.61).

Comparison of size spectra slopes
The KW test showed that there were significant differences in

size spectra slopes between datasets (KW x2 = 118.85, p < 0.0001,
df = 3; Fig. 5; Supplementary Table S1.51), with slopes from the in
situ school TS datasets (3 and 4, Fig. 1) being significantly steeper
than slopes derived from the other datasets based on Dunn’s
post hoc test results (Fig. 5; Table 4; Supplementary Table S1.51).
Slopes from the community census (dataset 1, Fig. 2), simulated
“expected” community (dataset 2, Fig. 2), and simulated school
TS datasets (5–7, Fig. 2) were not significantly different from one
another based on Dunn’s post hoc test results (Fig. 5; Supplemen-
tary Table S1.51).

Comparisons of fish lengths and size spectra slopes in data
filtered for water clarity andmean orientation
Results of Mann–Whitney–Wilcoxon rank sum tests compar-

ing median fish lengths and size spectra slopes in datasets that
were filtered for water clarity and mean orientation are pre-
sented in the Supplementary information1, as are the length and
slope values themselves (Supplementary material S2-51). Briefly,
excluding surveys with unsuitable water clarity for ground-truthing
or mean orientations of >2° and < –2° did not result in conclusions
that differed from those drawn from the full datasets.

Influence of fish orientation on TS and size spectra slopes
While fishes were generally oriented normally to the horizon-

tal axis (mean = 0.3°, N = 118 551), there was considerable variation
(SD = 15.6°). The mean absolute value of orientation angle for all
tracked fishes was 10.4° (SD = 11.6°). Despite significant p values,
the low adjusted-R2 values of Gamma GLMs indicated that orien-
tation angle (adj. R2 = 3.47e�5, p < 0.01) and the absolute value of
orientation angle (adj. R2 = 2.87e�3, p < 0.001) were not suitable
predictors of TS in our data. Mean orientation angle did not have
a significant effect on size spectra slopes in the Gamma GLM fit
to the specific TS–length model dataset (dataset 4, Fig. 2; adj. R2 =
0.01, p = 0.20) or in the Gamma GLM fit to the general TS–length
model dataset (dataset 3, Fig. 2; adj. R2 = 0.03, p = 0.09). Similarly,
mean absolute orientation angle did not have a significant effect
on size spectrum slope in the Gamma GLM fit to the specific TS–
length model dataset (dataset 4, Fig. 2; adj. R2 = 0.01, p = 0.06) or in
the Gamma GLM fit to the general TS–length model dataset

Table 4. Median (standard deviation in parentheses) fish length (cm) and size spectrum slope in each dataset.

Community
census

Simulated “expected”
community

Specific TS–length
model dataset

General TS–length
model dataset

Simulated school TS dataset

All species Small species Large species

Fish length (cm) 32.50 (10.83) 27.87 (15.71) 4.74 (6.03) 3.48 (4.67) 14.80 (16.59) 14.80 (9.79) 13.30 (33.02)
Size spectrum slope –1.20 (0.53) –1.29 (0.90) –2.59 (1.12) –2.33 (0.88) –1.38 (0.48) –1.48 (0.45) –1.24 (0.57)

Note: See Table 2 for details on each dataset.

Fig. 4. Boxplots of fish length. Letters indicate similar and different groups based on Dunn’s Kruskal–Wallis multiple comparison post hoc test.
See Table 2 for details on each dataset.
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(dataset 3, Fig. 2; adj. R2 = 0.01, p = 0.10). In the simulations designed
to assess the influence of TS variation due to variablefish orientation
on size spectra slopes, the average CV of TS variation on size spec-
trum slope was 0.7% in the general TS–length dataset (dataset 3,
Fig. 1) and 0.8% in the specific TS–length dataset (dataset 4, Fig. 2;
Supplementary Table S1.41).

Discussion
Assessing the size spectra of marine fish communities involves

numerous challenges related to the conversion of TS to length,
assigning a species identity to TS observations, and attributing
taxa-level information when scaling the Sv of schools to fish den-
sity and abundance. Here, we presented generalizable methodol-
ogy that can be applied in a variety of situations to examine the
impact of those challenges on acoustic size spectra. Using this
approach can inform the degree to which acoustic size spectra
may be comparable to size spectra generated from non-acoustic
data and aid in identifying the source of discrepancies between
acoustic and non-acoustic results.
In our example for data collected at GOM petroleum platforms,

we found that fish lengths were underestimated in all acoustic
datasets compared to censused communities at petroleum plat-
forms (dataset 1, Fig. 2) and simulated “expected” communities
(dataset 2, Fig. 2) at our study sites (Fig. 3). However, size spectra
slopes derived from the simulated school TS datasets (5–7, Fig. 2)
were comparable to those derived from reference datasets (1 and 2,
Fig. 2; Fig. 5). This was the case regardless of whether specific or
general models were used to convert TS to length. We did not find
that fish orientation was a suitable predictor of TS or size spectra
slope, although the effect of orientation on TS likely explains why
slopes derived from the in situ school TS datasets (3 and 4, Fig. 2)
were not comparable with those derived from reference datasets
(1 and 2, Fig. 2), while slopes derived from the simulated school TS
datasets (5–7, Fig. 2) were.
There is a large body of literature documenting the influence

of orientation angle on TS, and thus estimated fish length, for
individuals of a single species (e.g., Nakken and Olsen 1977;

McClatchie et al. 1996b; Simmonds and MacLennan 2008). The
effect of orientation on in situ TS in mixed species assemblages
has received less attention but could be an important source of
uncertainty in acoustic size spectra studies. We did not find that
orientation or absolute orientation were suitable predictors of
size spectra slopes or TS in GLMs fit to our data, and CVs in simu-
lations designed to assess the effects of orientation on size spec-
tra slopes were low. Our explanation of this finding is that the
effect of fish length and swim bladder presence or absence on TS
was likely larger than the effect of orientation on TS in the
diverse communities we sampled when considered as a whole.
However, many in situ TS measurements for single targets around
schools were smaller than predicted based on the expected TS of
the species observed — even in the simulated scenario in which
single targets around schools comprised only small pelagic fishes.
Thus, the mean and median of in situ TS distributions around
schools were smaller than in any simulated scenario. Considering
the relatively small sample sizes of single targets around schools
(median = 48, SD = 133, range = 1–1369), it is likely that these dis-
crepancies were due to fishes around schools having orientations
that were not normal to the horizontal axis or being disproportion-
ately small individuals, potentially of species without swim blad-
ders. Using TS measurements from fishes at increased distances
away from the school — thus increasing the number of single tar-
gets used to represent TS of fishes in the school— could reduce the
likelihood that single target TSwould be biased by extreme orienta-
tion (i.e., orientation far from normal to the horizontal axis) or dis-
proportionally small. However, this would cause size spectra slope
estimates to converge on those derived from tracked fishes
alone (i.e., non-schooling fishes).
The influence of single target TS distributions around schools

on size spectra slopes are exacerbated when they are used to scale
the Sv of schools to fish density and abundance. Consider this sce-
nario: in the in situ school TS datasets (3 and 4, Fig. 2), the TS of
fish around schools is underestimated due to extreme orienta-
tions and used for computing school density, causing density —

and subsequently abundance — to be overestimated. Our procedure
would magnify the effect of underestimating the TS of fishes

Fig. 5. Boxplots of size spectrum slopes. Letters indicate similar and different groups based on Dunn’s Kruskal–Wallis multiple comparison
post hoc test. See Table 2 for details on each dataset.
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around schools on size spectra slopes, as the many fishes within
schools would be assigned the underestimated TS values, causing
fish lengths to be underestimated. Accordingly, TS estimates for
single targets around schools have a disproportionate effect on
size spectra slopes, as they ultimately affect both the estimated
number and length of fishes within schools. Estimating compara-
tively larger numbers of small organisms in a community results
in steeper size spectra slopes (Bianchi et al. 2000; Daan et al. 2005;
Sweeting et al. 2009), as was observed when the in situ school TS
datasets (3 and 4, Fig. 2) were compared with other datasets (Fig. 3;
Table 4). Thus, we believe that underestimation of the TS and (or)
length of single targets around schools explains the difference
between results derived from in situ TS data and those derived
from other acoustic datasets.
Scaling school Sv with in situ or simulated TS data involves

making significant assumptions about the degree to which those
data represent the TS of fishes within schools. It was not possible
to directly test the validity of those assumptions by measuring
the lengths of fishes in the present study, but our three simula-
tions for the TS distribution of single targets around schools
(datasets 5–7, Fig. 2) were designed to represent three possible
scenarios based on our species compositions and fish behavior.
Comparing data from these scenarios therefore facilitates infer-
ences on the degree to which species composition around schools
affects size spectrum slopes and fish lengths. Size spectra slopes and
fish lengths estimated in each of the scenarios were similar to one
another (though fish lengths were statistically different, likely due
to large sample sizes; Fig. 4; Table 4; Supplementary Tables S1.6,
S8.11), and each scenario produced size spectra slopes that were
comparable to those derived from reference datasets (1 and 2, Fig. 2).
This contrasts with the in situ school TS datasets (3 and 4, Fig. 2),
which exhibited size spectra slopes that were significantly steeper
than all other datasets— possibly due to the effect of fishes around
schools not being normally oriented to the horizontal axis or being
disproportionately small, as discussed above. Based on SRV camera
observations, we believe that it is more likely that these individuals
were oriented at extreme angles than being disproportionately
small, so we propose that the orientation of fishes around schools
may be more impactful than their species identity on size spectra
slopes when using their TS to scale school Sv and generate size
distributions.
Fish lengths were shorter in acoustic datasets (3–7, Fig. 2) than

in reference datasets (1 and 2, Fig. 2), even when the TS of single
targets around schools was simulated (datasets 5–7, Fig. 2). A pos-
sible explanation for this is the presence of large numbers of
swim-bladder-less fishes in the communities we sampled (Bolser
et al. 2020, 2021). Swim-bladder-less fishes (e.g., carangids) have
significantly weaker TS than fishes of a similar size with a swim
bladder (Foote 1980; McClatchie et al. 1996a; Simmonds and
MacLennan 2008). While we did not estimate the length of a
swim-bladder-less fish with a model based on a fish with a
swim bladder, and vice-versa, lengths often differed between the
species that the model was developed for and the species that we
applied themodel to. Further, the comparability of the general TS–
length model of Love (1971) and other TS–length models or meas-
ured lengths for fishes with swim bladders varies depending on
size class and species (e.g., Fleischer et al. 1997; Mehner 2006;
Wanzenböck et al. 2020). Size spectra slopes and fish lengths
derived from the general TS–length model of Love (1971) and the
specific TS–lengthmodels we employed were similar, but clearly,
more work must be done to develop specific TS–length models
for more species in our study area (e.g., Boswell et al. 2020), as
each species did not have its own specific model. Species-specific
models that are designed to incorporate the effect of orientation
angle on TS would be particularly desirable and would help defini-
tively identify the source of discrepancies in fish length between
acoustics and othermethods in size spectra studies.

Our procedure for applying specific TS–lengthmodels involved
some nontrivial assumptions. We assigned a species identity to
TS observations by sorting TS from smallest to largest and species
from smallest to largest based on their expected TS. As identified
above, the TS of a small-bladdered fish could overlap with the TS
of a larger swim-bladder-less fish. If this occurred, an incorrect
TS–length model could have been applied, which could substan-
tially affect length estimates. Possible examples of this occurring
may be found in the outlying points in Fig. 4. Considering that
size spectra slopes were comparable within the simulated school
TS datasets (5–7, Fig. 2), we propose that discrepancies in fish
lengths between acoustic datasets (3–7, Fig. 2) and reference data-
sets (1 and 2, Fig. 2) were most likely due to the TS–length models
systematically underestimating the length of individuals in all
size classes. Swim-bladder-less fishes were found in nearly all size
classes at our study sites, and if their lengths were consistently
underestimated, it is possible that median length could be signifi-
cantly shorter in acoustic datasets (3–7, Fig. 2) than in reference
datasets (1 and 2, Fig. 2), while size spectra slopeswere comparable.
To fully validate acoustic size spectra, they must be directly

compared with data derived from other methods applied at the
same time and place. This was not possible in our study given the
numerous logistical constraints associated with surveying fish
communities at marine petroleum platforms. However, the com-
munity census data (dataset 1, Fig. 2) provided a useful reference
for platform fish community size distribution that was likely free
of significant gear bias. We note that it is possible that fish com-
munities at platforms have changed in the �20 years since the
community census was conducted, particularly given the high
fishing pressure petroleum platforms experience (Schuett et al.
2016; Cowan and Rose 2016; Stunz and Coffey 2020), which alters
size structure of fish communities by making larger fishes less
represented (Mason 1998; Jennings and Kaiser 1998; Berkeley et al.
2004). This would result in steeper size spectra slopes (Pope and
Knights 1982; Blanchard et al. 2009; Robinson et al. 2017), as we
observed in the in situ school TS datasets (3 and 4, Fig. 2) relative to
others. On the other hand, the populations of some abundant
platform-associated species have undergone significant rebuild-
ing over the last�20 years in the GOM (e.g., red snapper (Lutjanus
campechanus), SEDAR 2018; vermilion snapper (Rhomboplites
aurorubens), SEDAR 2020), which might act to flatten (i.e., make
less negative) size spectra slopes. It is also possible that size distri-
butions among platforms varied throughout our study area, con-
founding the comparison of our data with the community census
data, which were collected over a relatively narrow spatial range.
Indeed, Egerton et al. (2021) reported spatial differences in the
mean TS of fishes surrounding GOM petroleum platforms, which
were associated with variation in salinity and temperature between
study sites. Given that size information was taken from community
census data formany species, spatial variability in size compositions
between platforms and changes in the size of fishes at platforms
over the past �20 years would have a large influence on the results
of the present study. Size information was taken from community
census data for 40% of species in our simulated “expected” commu-
nity dataset (dataset 2, Fig. 2) and informed the TS simulations in the
simulated school TS datasets (5–7, Fig. 2) for between 0%–80% of
species depending on the scenario (although all species were not
observed at every site, so percentages ranged from 0%–100% on a
site-by-site basis).
The results of prior studies validating the measurement of size

spectra with acoustics in freshwater environments through com-
parisons with other gears have been inconclusive when consid-
ered as a whole (Coll et al. 2007; de Kerckhove et al. 2016; Daigle
2017). We were unable to find direct comparisons of size spectra
slopes between acoustics and other gears in the literature, although
size distributions may be reasonably comparable between acoustics
and netting approaches in some cases, depending on selectivity,
sampling locations, and treatment of trackedfish TS (Coll et al. 2007;
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de Kerckhove et al. 2016; Daigle 2017). Acoustically derived lengths
have been shown to be shorter than those estimated by netting (Coll
et al. 2007; Daigle 2017) and fishery data (Coll et al. 2007), although
it is difficult to identify actual discrepancies from the effects of se-
lectivity in these studies. Our finding that acoustic sampling under-
estimates the length of fishes compared to our reference datasets
(1 and 2, Fig. 2) agrees with prior findings (Coll et al. 2007; Daigle
2017), potentially suggesting that selectivity may not have been a
major determinant of their results. However, those studies
employed the general TS–length model of Love (1971). Thus, it is
possible that the acoustic results could have changed if specific
TS–length models were applied.
The size spectra slopes we estimated with acoustics aroundma-

rine petroleum platforms were generally less steep than size
spectra slopes estimated with acoustics in lakes (Wheeland and
Rose 2016; de Kerckhove et al. 2016; Daigle 2017; range of cited
studies: 9.22 to –0.4) and steeper than slopes estimated with acous-
tics in other types of structurally complex marine habitats (Egerton
2017; –0.38 to –0.03). We note, however, that the size spectra
reported by Egerton (2017) exhibited domes, which complicates
interpretation of slopes. Studies that assessed marine fish size
spectra in structurally complex marine habitats employing non-
acoustic methods generally showed slopes that were less steep
or similar to those derived from acoustic data in the present
study (e.g., Graham et al. 2005, 2007; McClanahan andGraham 2005;
Wilson et al. 2010; Robinson et al. 2017; range of cited studies: –1.95
to –0.03). While it is difficult to make quantitative comparisons
between our results and other studies because of methodological
differences (e.g., method of calculating slope; Robinson and Baum
2016; Edwards et al. 2017), our results were more similar to studies
in similar habitats using different gears than they were to studies
in different habitats using acoustics.
Despite favorable comparisons between size spectra slopes in

the simulated school TS datasets (5–7, Fig. 2) with reference data-
sets (1 and 2, Fig. 2), it is clear that more research is needed before
acoustic data are used to make ecological inferences about ma-
rine fish communities such as those we sampled at petroleum
platforms. Future work should extend validation efforts to direct
comparisons between different gear types in marine environ-
ments (e.g., stereo cameras, acoustics, direct capture), as has
been done in freshwater systems (Coll et al. 2007; de Kerckhove
et al. 2016; Daigle 2017). These validation efforts will be useful for
determining the degree to which the discrepancies we observed
were due to assumptions and uncertainty associated with using
acoustic data to assess the size spectra of fish communities, or
actual differences in communities over time and space. Stereo
cameras would be especially attractive for comparisons with
acoustics in environments such as the marine petroleum plat-
forms we sampled, as they could be easily deployed in the same
manner as the SRV cameras we used in the present study. How-
ever, it would be ideal if future studies could fully co-reference
acoustic and ground-truthing data (i.e., simultaneously collect optic
and acoustic data for each fish).We did not have co-referenced optic
and acoustic data, and while the SRV cameras recorded water col-
umn fishes around the platform structure and a separate “targeted
drop” was conducted away from the platform if a large school was
observed on the echosounder, it is possible that the SRV camera
data did not completely represent the assemblage of water column
fishes sampled by acoustics. Along with direct comparisons with
non-acoustic data and the development of TS–length models for
additional species that incorporate orientation, future work should
investigate the potential for assigning a species identity to fish
within schools based on school characteristics (e.g., Horne 2000;
Simonsen 2013; Campanella and Taylor 2016) and otherwise deter-
mining the optimal source of TS data for scaling school Sv. Given the
discrepancies between size spectra slopes and fish lengths derived
from using in situ and simulated TS data around schools to scale
school Sv, developing robust methods for assigning TS and

taxonomic information to schools is paramount to operational-
izing acoustic size spectra metrics for ecological inferences. We
view further research effort in these areas as worthwhile con-
sidering how rapidly acoustic data can be collected, which would
make acoustic size spectra slopes efficient indicators that could be
assessed frequently over large spatial and temporal scales.
Although assessing size spectrawith acoustics inmarine habitats

where large numbers of swim-bladder-less and schooling fishes are
found (e.g., reef habitats) presents numerous challenges relative to
other situations, it is important to monitor communities in these
areas as they are often affected by a variety of natural and anthro-
pogenic stressors and can support economically important fish-
eries. The fish communities at petroleum platforms in the GOM
that we studied in our example vary seasonally (Stanley andWilson
1997; Barker and Cowan 2018; Reynolds et al. 2018) and are affected
by numerous environmental variables, particularly those related
to freshwater inflow and circulation patterns (Gallaway and Lewbel
1982; Munnelly et al. 2021; Bolser et al. 2021). They are also are sub-
ject to high levels of fishing pressure (Schuett et al. 2016; Cowan
and Rose 2016; Stunz and Coffey 2020) and have been increasingly
affected by decommissioning procedures, resulting in a net decrease
in platform habitat over the last decade (Gitschlag et al. 2001; LGL
Ecological Research Associates 2019; Munnelly et al. 2021). Assess-
ing the size spectra of marine fish communities with acoustics at
platforms and similar habitats would allow the effects of these
influences on community structure to be efficiently summarized
in a standardized manner, allowing for powerful spatiotemporal
comparisons.

Conclusion
We developed an approach for quantitatively assessing the

challenges associated with estimating fish community size spectra
with hydroacoustics in marine environments. These challenges are
perhaps most pronounced in marine reef habitats but can be found
in anywhere, so our approach could be replicated in any system to
gain insights on the influence of common assumptions, sources of
bias, and uncertainty in acoustic size spectra studies. In our GOM
example, the source of TS data used to scale the Sv of schools of
fishes to abundance had a greater influence on size spectra slopes
thanfish orientation or TS–lengthmodel choice. Accordingly, future
acoustic size spectra research should focus on examining school
characteristics and the behavior of fishes adjacent to schools to bet-
ter assign taxonomic and TS information to schools.We recommend
direct comparisons between acoustic size spectra and size spectra
derived through other means (e.g., stereo cameras, direct capture)
and similar examinations of the differential impacts of fish orienta-
tion, TS–length model choice, and source of school TS information
in other marine systems. At present, we caution drawing ecological
inferences from acoustic size spectra metrics in systems such as the
marine petroleum platformswe studied. In the future, however, our
results suggest that size spectra metrics may be suitable for ecologi-
cal inferences if TS and taxonomic information canbemore robustly
attributed to schools and direct comparisons between acoustic and
non-acoustic data aremade across different systems.
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