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ABSTRACT Seed mussel stock assessments rely heavily on technigues similar to those used in seabed mapping and can involve
both ucoustic dat colicction and physical ground truthing. Optimum allocation unalysis has recendy shown value in using
ncoustic data variances ns surrogates of seabed heterogencity to allocate efficiently the ground-truthing effort that minimizes
Eurvey coefficients of variance. Using acoustic dat from a single-beam ground discrimination sysiem, optimum allocation
nnalysis was used to direct ground truthing between seed mussel strits. The resulting stock sssessment vabues end varlanees were
compared with actual fished quantitics and were found to be highly compivnble when compared with random und expert

judgment scenarios.
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INTRODBUCTION

The effective monitoring. management, and utilization of
biological marine resources retics heavily on periodic quantifi-
cation or stock assessment. For sessile benthic resources. seabed
mupping techniques have begun to form the core of the stock
assessment methodology (e.g.. videographic assessments of
Nephrops norvegicus in the Irish Sca). Seabed mupping is an
increasingly populir activity worldwide, coinciding with rupid
methodological development (Clements et.al. 2010) and tech-
nological advances such as multibcam echo sounders, acoustic
ground discrimination sysiems. and sidescan sonar (Anderson
<t 1l. 2008). These technologies have allowed huge wreas to be
quickly insonified. with vast amounls of acoustic information
collected. However, the ultimate difficuity lies in the substantial
survey clfort required 1o confirm the ncoustic readings physicaily
and 1o relate them Lo the biolegy or resource content of an area,

Most soft-sediment ground truthing, whether for resourcc or
habitat mapping, still relics on the use of traditionsl sediment-
sampling gear such as grabs and dredges. Comparing the small
sample volume of grabs and dredpes with the cxpunsive area of
a scabed that can be sampled acoustically means that ground-
truthing methads are time-consuming. poorly replicated. and
expensive. 11 is therefore imperative that ground truthing of
large acouslic dala sets is undertaken in the mest effective and
economically viable way possible to maximize inap counfidence
and yel minimize the time and cost associated with resource und
habitat map production.

it hus become standard practice within broad-scale mapping
oF marine habitats and seabed resources 1o utilize @ 2-stage survey
methodolopy (Anderson et al, 2008). The first stage is a1 dedicuted
remote-sensing phase that produces the ncoustically derived map
ol the area from which the acoustic elasses, und hence predicted
resoutce zoncs, are identified. The ground-truthing second stage
focuses on 1he charicterization of the predicted resouree zones
und confirmation of boundarics: this might take the form of
dedicated grab. dredge. or videography cruises (Foster-Smith &
Sotheran 2003).
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Ground-truthing stratepies have rarely heen ndequately
addressed or even specificd in published mapping literature.
Preciscly how the fiest-stage physical survey informs the around
truthing is poorly defined and occasionully complex. Most rely
on-expert judgment, whereas in some sdvanced studies the
ground-truthing stralegy uses identified acoustic ground 1ypes.
with sampling being related to ground-1ype area (Jordan 1 al.
2005).

In the seu loughs of northern Ireland, the botlom culture of
mussels (Afytifus edulis L.). an indusiry worth in excess ol £10
million pa. relics on the ready availability of seed mussel from
transicnl offshore beds. Competition for this limiled resource
and pressurcs from nature conservation have led {o the assess-
ment and atlocation of this resource coming under increasing
scruliny,

It is generally agreed that any sampling ofu “population” or.
in this instance, a resource such as a stock of mussel seed, should
use bolh size (area) and heterogencity {variance) (o inform the
required “sample” size and hence ground-truthing sampling
strategy (Cochran 1977). When considering a standard acoustic
remotc-sensing and ground-truthing survey, the resulting areas
of identified icoustic resource zones arc casy to calculate in
Geographic Information Systems. In the absence of previotis
stock nssessments or surveys lor a site, measures of variance are
problematic. [t seems approprinte tha acaustic data could
provide informution related Lo resource helerogencity and thus
facilitate optimally allocated sampling. Acouslic data, as dem-
onstrated by Clements et al. (2010), are readily amenable to
calculutions of basic statistics such as means and $Ds for each
identificd resource zone, Such data may be used as a proxy for
within-resource zone heterogeneily.

Objeclive methods that use remotely sensed data to direct
ground truthing are currently not used, and are likely (o be
vauible and well received by marine seientists Tor routine re-
source mapping and stock assessments. Clements ol al. (2010)
recently introduced the use of oplimum allocation analysis {OAA)
statisties for scabed ground-type mupping. OAA muay be defined
as a procedure used in stratilied sampling to allocate nutbers of
sample units 1o different strata cither (0 maximize precision al
a fixed cost or 1o minimize cost for a selected level of precision;
precision in this sense means both closeness to @ true value and
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repeatubility over time. OAA bhas been used in & wide variety
of fields, ranging from computing (e.g.. Kwen & Kim 2005) to
fisheries scicnce (e.g.. Allen ¢t al. 2002, Adams ct al. 2006).

Clements et al. (2010} used acoustic parameters. derived from
a multibeam echo sounder, within OAA as surrogales for ground
1ype varignce. This information was then used to allocate a timited
ground-truthing efTort c¢fficiently to minimize overall survey co-
cfficicnts of variance.

By imegrating the resource zone arcas and variances. #
statistical method such as OAA (Sukhatme & Sukhaume 1970,
Cochran 1977) should be able 10 caleulate a surrogate of re-
source heterogeneity values to direct ground-ruthing efTorts.
The objective of this study was 1o test QAA with & singlc-beam
ground discrimination sysiem survey to assess its wiility in di-
recting groand ruthing in a sced musse! stock assessment.

MATERIALS AND METHODS

Study Site

Denaghadec Sound is situated between the Copeland Isles
and the coast of northern Ireland (Fig. 1), approximately 8.5km
cast of Bangor and 3 km north of Donaghadee. The Donagha-
dee Sound seed mussel bed is situated fess than 800 m from the
Copeland Isles. in a small topographic depression in the seabed.
This arca has an infrequent settlement of seed mussel. During
the March 2010 seed mussel stock assessment, the site was
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judged to have received enough setilement for a stock assess-
ment and commercial extraction of the seed mussel.

Acoustic Para Collection and Pracessing

A RoxAnn (Sonavision Lid., Aberdeen, UK) ground acoustic
discrimination system was mounted onto Lhe fisheries protec-
tien vesscl (FPV) Ken Vickers. The FPV Ken Vickers then
completed & survey grid with 50-m track spacing. Tracks were
run at 6 knots {Fig. 2). All RoxAnn ranges and gains were op-
timized at the beginning of the survey and subsequently fixed for
the rest of the survey.

Pracessing of RoxAnn

Erroncous data and values missing positional data were
removed. RoxAnn eollects 3 parameters—namely, E1, E2, and
depth. El is an integration of the tail of the first seabed echo and

_istaken Lo indicute seabed roughness. E2 is an integration of the

whole of the second return echo and provides an index of scabed
hardaess. The raw EL. E2. and depth data were standardized by
dividing cach variable by the 95th percentile of each dawa range.

El und E2 were imporied into PASW Sunistics version |7
(IBM Corporation, Somers, NY) for 2-step clusier analysis to
find the appropriate number ol clusters (i.c.. number of distinct
resource zones or sirala), The standardized E1 and E2 were then
imporied inlo Sutfer (Golden Software, Golden, CO) for
interpelation with Knging., The intcrpolated values are then
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Figure 1. Location of Donaghadee Sound seed mussel bed (hatched polygon) in northern Iretand. UK,
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Figure 2. {A) RoxAnn tracks collected ot Donaghadee Svund for the March 2010 sced mussel siock ossessment. (B} Predicted seed mussel strata. (C)

Locatien of 100-m dredge gpraund-truthing midpoints.

exported o AcrMap (Esri. Redlands, CA}) for surface pro-
duction and clustering using the Isocluster tool. The AcrMap
maximum likelihood 100l was then used to generate a classified
surface. The resulting raster surfacc was then converted to
i# polygon and attributed with areas.

To extract the required mean and variance for EL, E2, and
depth for the QAA, the standardized point data were also im-
ported into ArcMap. The clustered surfice polygons were then
used Lo divide the raw data into the resource zones and Lo generale
descriptive statistics that included mean and vriance.

Ground Truthing

To gather the required biomass and density data for the site.
industrial mussel dredges were used to colleet the ground
truthing. To test the OAA recommendations and other scenar-
tos, sampling was done in excess of that required for the ground
truthing of the OAA, Dredges were towed exactly 100 m. Thecon-

tents of the dredges were cstimated, and samples were collected
for density and size distribution analysis.

Optimum Aflocation Analysis

The satistical proceduore and concept of oplimum (also wermed
optimal in some literature) allocation analysis as a methed for
stratified. random sampling design is well defined (Sukhatme &
Sukhatme 1970, Cochran 1977} In a given stratum, a larger
sample is required if the stratum is large, is variable. orischeap to
survey. The tolal number of samples required over all the strata
will increase 4-fold when halving the coefficient of variation,

in the current study, & ““population™ refers to a population of
remotely sensed data for a survey site that is thought 1o relate
to substratum heterogeneity and type. The parameters uscd to
define the population in this casc are E1, E2, and depth. because
they were the primary variables used to delineaie the sirata in
the survey arca. Subpopulations, or “strata.” arc the resource
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zones into which the remotely sensed data are clussified prior to
being confirmed with ground truthing.

Undertaking the Oprimum Allocation Analysis

The mean and the variance of EI, E2. and depth were
entered into an MS Excel maero containing embedded caleusls-
tions far QA A {Clements ¢t al. 2010}. The area of cach predicted
resource zone wits also added in square meters.

Allocation with more than one characteristic in stratified
sumpling is conflicting it nature. because Lhe best allocation for
one characteristic will not. in general, be best for others, Some
compromise must be reached fo obtain an allocation that is
reflective. in part. of the 3 variables. Allocation would be simpler
for all variables if they were themselves were posilively correlated
(Clements et ¢). 2010} In the case of the data used in the curreat
study, statistically significant positive correlations were found
berween El and depth (Pearson 2-tailed correlation. » = 0276
P = 0000, o = 10.141). and Et and E2 (Pearson 2-tailed
correlation, r = 0,439 P == 0.000. n = 10.141), bul not between
E2 and depth (Pearson 2-tailed correlation, r = 0.009 P = 0.352.
y = 10.141), Itwas therefore considered aceeptable 1o average the
recommended sampling for E1. E2, and depth to produce | com-
posite vilue.

The coclficient of variution (CV) was sct at 6% {i.c.. 94%
precision) and 0% (ie.. 90% precision)} Tor calculuting the
optimum sample numbers per resource stela. 1L was not possible
10 tn the OAA at 5% CV us u result of the loss of one dredge
sumple at sea. For comywrison, severil other ground-fruthing
scemarios were also undertaken {Table 13. These included scenar-
ios needing cxtra ground-truthing effort in excess of the 6% OAA
ScCnario.

It must be stressed Lhat. although OAA recommends the
arca of seabed to be sumpled. it does not advise where these
should be placed within cach strata, how they should be dis~
{ributed among paiches of the sume steata, or what sampling
cquipment should be used.

TABLE L,

Cround-truthing scenarios and required ground-truthing
replication.

Resource Zone

1

Scenario Tithe ; 2 3 Tatal
1 OAA 6% 3 2 2 7
2 OAA 10%: § 1 1 3
3 Alijures 3 ) 3 14
4 Equai 3 3 3 3 9
5 Equal 2 2 2 2 6
6 Random 4 3 3 1]
7 Random 5 5 3 I3
8 Random 3 M 3 It
9 Random 4 5 2 11

Hy Rundom 5 3 3 11

Il Random 4 i 3 8

12 Random 2 5 1 8

I3 Rundom 1 3 2 6

g Random 4 6 I 13

15 Random 3 4 t 8

16 Random 2 3 1 6

Euch scenario has a required level of ground truthing in cach
resource zone. Bootsirapping, with resampling, was used to
subsample the availuble ground truthing randomly 1.000 times
Tor cuch scenario (Efron & Tibshiruni 1993, Manly 1997), For
example, scenario 2 required | ground-truthing sumple from
cach resource zone. yet . 6. aund 3 samples were available for
cach zone. Bootstrapping randomly extracted 1 of the available
values rom each zonc. und this was repented 000 times.

Because resumpling bootstrapping was vsedd, polentially the
sume ground-truthing value could be sclected several times in
n stratum for uny iteration. For each of the 1,000 combinations
of ground truthing. a tota) site stock assessment viilue was
calculated. Afier the boolstrapping. euch scenaric has 1.000
stock assessment values, Beeause the total seed mussel that was
fished by the commercial vessels was reported lo DARD. an
actual stock biomass value was available for comparison with
the estimated scenario stock asscssments.

RESULTS

The results for the 16 ground-truthing scenarios are shown
in Figures 3 and 4, The distribution of stack assessment values
about the scenario mode was also caleulaled. The mean was not
used after obscrving substantial skew in distribution for each
scenario. In addition. the resampling of the same small number
of ground-truthing samples resulted in stock assessment value
distributions more nominal in hature. Last. because each real-
ment fundamentally used the sume ground-truthing values, the
mean values were all very simifar and showed Huitle variation.

The actual tonnage of seed musscl removed from Donaghadee
Sound in March and April 2010 was 2.929 ¢ (offset x axis in Fig.
3). The modes for scenarios | and 3 were within 1% of the actua!
tonnage. Scenarios 8. 11, 12, 13, and 16 were between [% and 5%
of the actual tonnage. Scenarios 4, 6, 7. and 9 were between 5%
and 10%. Last. scenarios 5. 10, and 14 were greater thin 10%.
and scenarios 3 and 15 were more thun 20% from the actual seed
musscl tonnage. The SE for the scenarios typically fell within |-
5% of the tonnage mode. although scenarios 5. 13, and 16 were
Belween 5% and 10%. Scenario 2 had o much greater SEand was
13% of the svenario mode.
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Figure 3. Scenario stock assessment predicted tonnage mode (offset X pxis)
shown ax devintion fram the “setual™ fished tomnage of seed musset (2.929 63,
The vertical hars show SE (7= 1.000)
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Figure 4, Scenario stock assessment predicted tonnage mede (blue puint}
with the minkmum and moximum predicted tonnages {red lines) from the
bootstrapping procedure {a = 1400).

The range of stock assessment virlues for most scenarios wis
great and varied from approximately 2.400-4.008 (. The range
between the smallest and Jargest predicled tonnages was least
for scenarios 3. 4. 8. and 10: between 25% and 50% of actual
fished tonnage. The ranges for scenarios 1.6.7.9. 11 12, 14.and
15 were between 50% and 73% of the mode lonnage. The range
for scenarios 2, 5. 13, and 16 was particularly great and was
between 75% and 100% of the mode Llonnage. i

Based on the mode. SE, and range, it is evideat that scenarios
1. 3. & 11 and 12 are close to the actually tonnage fished and
had the smallest amount of spread about the mode, thus represent-
ing an accurate and reliable stock assessment Lonnige. The total
number of dredges required for these scenarios is 7. 14 11, 8. and 8,
respectively.

DISCUSSION

The 6% OAA scenario (scenario 1) clearly tepresents
it particularly good configuration of ground truthing because,
of the high-performing scenarios, it has the lowest number of
required dredges and yet still achieves a mode within 1% of Lhe
nctually sced mussel tonnige. The SE for scenario { s alse low
when compared with other scenarios. It can therefore be
concluded that OAA is effective ut distributing expensive and
time-consuming ground-truthing cfTorts in o way that maximizes
the nceursicy of the stock assessment while minimizing effort. A
presumption that accuracy is best achieved by greater amounts
of towal ground-truthing effort is incorrect, The distribution of
the ground truthing between strata. as specificd by surrogates of
variance, is ulso an effective way ol improving stock assessments,

The 10% QAA scenario is the poorest performing scenurio,
but it also had the smaflest and clearly the most inapproprizie

allocation of ground truthing. This indicales thut a small CV runge
in the OAA has a profound cffcet on the required number of
dredges and the quality of the predicted stock assessment values,

The use of variances from the acoustic data makes 2 presump-
tion about the rclationship between acoustics and seed mussel
density. Becausc it is known that mussel beds have a distincl
scoustic sigpature in RoxAnn, it is apparent that changes in 1he
gross character of the seabed are reflected in acoustic values.
Hawever. subtle chiunges in cover and density are not as clear,
Tuis not known what Iinear changes in cover and density of seed
mussel generate as changes in acoustic variables, One might
expeet the variance of El (roughness) to increase as the seed
musscl bed becomes morc varicd or patchy. Depending en the
background substraium (sand. in Donaghadec Sound). in-
creases in seed mussel cover and density will increase the E2
(hardness) valae and, again. although patehy, will increase the
E2 variznce. At a small scale. the depth variance mighl also be
cxpected to vary more with increased sced mussel patchiness
{and hence heterogeneity). However. the spatial scale of the
varigance must also be considered.

The arca insonified by 4 single RoxAna “sample™ may be
karger than some of (he variance scen in the sced mussel bed.
There is 4 need to understund how heterogeneity within re-
source strata—in this case, sced mussel—relaices to Lthe response
ol acoustic variance over several spatial scales (as modified by
working depth and resulting change in the acoustic foatprint).
Further work is clearly needed 1o subsizntiate and refine the
original assumption linking acoustic and resource variance.
Trials are required with the industry to develop this methodol-
ogy 4s an operational tool,

CONCLUSION

We have demonstrated the early potential of GAA in
objectively establishing the required cffort or the ground truth-
ing of remotely sensed acoustic data sets in benthic mapping.
OAA incorporates the arca for each predicted resource zone and
measures of variance in each to allocate dredges efficiently
among the selected strata. As a resull, acouslic resource zones
were effectively quantified. and generated an accurate stock
assessment that closely matched the actual fished tonnage.
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