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A bstract

A lthough  the em ergence  o f  an aco u s tic  s in g le  beam  se ab ed  classifica tion  system  ap p ears p ro m is in g  as a co st-e ffec tiv e  tool 
to acq u ire  in fo rm atio n  abo u t bo tto m  ty p es , so m e  lim ita tio n s  o f  th is techno logy  w ith  resp ec t to  v esse l speed  and rough  terrain  
have been  identified . T o fu rth er refine th is techno logy , w e ex am in ed  th e  Q T C  View  sy stem  to d e te rm in e  if  it w o u ld  w o rk  in an 
area  such  as the G u lf o f  A laska , w h ich  is ch a rac te rized  by  deep  w ater, steep  slopes, h e te ro g en eo u s  su bstra te . S tu d ies w ere 
u n d ertak en  to evaluate  the o p era tio n a l lim its w ith  resp ec t to vessel speed  and  bo tto m  slope . R esu lts  in d ica te  th a t speeds 
betw een  3 and 12 kn have no  sig n ifican t e ffe c t on c lassifica tio n  perfo rm an ce , b u t bo tto m  s lo p e s  ex cee d in g  app ro x im ate ly  5 -8  
ap p ear to  cau se  a co m plete  b reakdow n  in c lassifica tio n  accuracy. T he po ten tia l o f  traw l-m o u n ted  so n a r sys tem s, cu rren tly  
u n d e r ev a lu a tio n , as a po ten tia l so lu tio n  to  ex p an d ed  range o f  opera tion  o v e r b o tto m  s lo p e s  is d iscussed . (fJ 2 0 0 2  E lsev ie r 
S c ien ce  B.V. A ll r igh ts reserved .

K ey w o rd s :  Q T C  View , A c o u s tic  s e a b e d  c la s s if ic a t io n ; B o tto m  ty p e s ; B o tto m  s lo p e ; V esse l sp eed

1. Introduction

A coustic single beam  seabed  classification  system s 
have recen tly  em erged as a  co st-effective and p rom is­
ing rem ote sensing tool that uses acoustics to acquire 
in form ation  about bottom  types (C ollins et ah, 1996; 
von Szalay, 1998). T his techno logy  is based on the 
p rincip le  tha t an echo return  from  the bottom  contains 
in form ation  about such substrate p roperties as grain 
size, porosity , and com pactness. V arious algorithm s 
are  used  to extract one o r m ore param eters from the 
echo return  w hich are  then com pared  to  a set o f  
standards from  sites w ith know n bottom  types. C las­
sification  is based on w hich standard  m ost closely
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m atches the param eters extracted  from  the incom ing 
signal.

T he system  used in this study, the Q TC  View ,1 extracts 
a large num ber o f  shape param eters from  a digitized 
echo return. Principal com ponent analysis is then used 
to reduce these to  a set o f  three uncorrelated  factors 
(know n as Q u Q2, and Q 3) tha t are  p lo tted  in three- 
dim ensional C -space. Seabed classification is based on 
the principle that acoustically  d istinct bottom  types tend 
to  form  separate clusters in ß -sp ace . Incom ing  signals 
are classified by com parison w ith a  cata log  o f  know n 
bottom  types tha t are generated during calib ration  o f  the 
system  at sites w ith bottom types represen tative o f  the 
study area (additional details in von Szalay, 1998).

1 R e fe re n c e  to  tra d e  n am es  d o e s  n o t im p ly  e n d o rs e m e n t by  the 
N a tio n a l M arin e  F is h e r ie s  S e rv ic e , N O A A .
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A nother system , the R oxA nn ,1 extracts only tw o 
param eters from  the echo return. These a re  know n as 
E l and E 2 and represent roughness and relative h a rd ­
ness, respectively. E l is the integral o f  the second  part 
o f  the am plitude  vs. lim e graph, w hile E 2 is ob tained  by 
in tegrating  the entire second echo (Schlagew eit, 1993).

A poten tia lly  im portant application o f  th is technol­
ogy in fisheries research is the identification o f  essen­
tial fish hab ita t, m uch o f  w hich is found in steep  and 
rocky areas th a t m ay present a challenge to  seabed 
classification system s (e.g., Carlson and Straty, 1981; 
Stein e t al., 1992). Som e lim itations o f th is technology 
w ith respect to  ship speed and rough terrain  have 
already been identified. H am ilton et al. (1999) noted 
that the second echo param eter (E2) used  by the 
R oxA nn  system  was usually inversely related  to  speed, 
and Schlagew eit (1993) observed that the RoxAnn  
classification system  w as internally consisten t only 
at constan t speed. H am ilton  et al. (1999) also reported 
tha t the Q T C  View d id  not exhibit an obvious depen­
dence on speed, but did not p resent any quantitative 
m ethods o r results in support o f  their conclusion. 
O bvious m isclassifications in areas o f  rocky outcrops 
on the seafloor have been observed for both the R oxAnn  
and Q T C  View  system s (H am ilton e t al., 1999).

An acoustic  seabed classification system  is only 
useful if  it generates accurate data over the full range 
o f  operating  conditions. B ecause depth, slope, and 
vessel speed can be highly variable in d ifferent areas 
and for d ifferent applications, it is im portant to estab­
lish the operating  lim its w ith respect to these p ara ­
m eters p rio r to  data collection. In addition to vessel 
speed and rough terrain, steep slopes and great depths 
are  also likely to  p lace lim its on w here this technology 
can be used. A sloping bottom  results in an increased 
echo duration  (and hence the shape o f  the  return 
signal), w hich in turn can lead to echoes appearing  
as a separa te  acoustic class if  the classification algo ­
rithm s are  sufficiently  sensitive to echo length (Preston, 
J., Q uester Tangent C oiporation , personal com m unica­
tion, 1999). A lso, because each data record  o f  the 
system  that w e exam ined , the Q TC  View, is based  on 
a stacked average o f  five pings, the effective footprin t 
length (E FL ), and hence the spatial resolution becom es 
a function  o f  vessel speed as well as depth according to

f Q \  4v 
E FL  =  2/r tan Í -  J  +  —

w here  h  is the depth  (m ), 0 the  beam  w idth, v th e  vessel 
speed  (m /s), and ƒ  th e  ping rate  (H z). To illu stra te  the 
effect at a  depth o f  100  m, the increase in the E F L  is 
approxim ately  th ree-fo ld , go ing  from  12.2 to 36.9 m  
as the vessel speed increases  from  0 to  12 kn. The 
signal-to -no ise  ratio  is also affected  by  speed  since 
eng ine  and flow n o ise  increase w ith  speed. H ow ever, 
th is potential p rob lem  can be overcom e by using a 
high pow er echosounder and transducer p lacem en t 
(Preston, J., Q uester T angent C orporation , personal 
com m unication , 1999).

T he objective o f  th is  study w as to determ ine  the 
operational lim its o f  th e  Q T C  View  system  re la ted  to 
seabed  slope and sh ip  speed. In particular, we w anted 
to  determ ine w hether th e  consistency  and certa in ly  o f 
classifications was im pacted  by the range o f  speeds 
th a t o u r survey vessels are capab le  of. W e also w anted 
to  determ ine the m axim um  bottom  slope over w hich 
the  Q TC  View  can be  successfu lly  operated .

2. M aterials and m ethods

2. I. S tudy  areas a n d  acoustic  equipm ent

W e investigated  th e  slope effect on classification 
perform ance during th ree  speed trials on board  the 
N O A A  ship  John  N. Cobb  in Tenakee In le t, a p ro ­
tec ted  area o ff  o f  C hatham  S trait in S outheast A laska 
(Fig. 1). All fieldw ork w as conducted  in an a rea  near 
the m outh o f  the in let w hich has an ea s t-w es t o rien ta ­
tion  and is approxim ately  20  km  x  3.7 km. T he bathy­
m etry  is U -shaped w ith highly variable steepness. 
D epths in the basin exceed 200 m and the substrate  
is diverse, characterized  by a  m osaic  o f  relatively  
sm all patches ranging in size from  approxim ately  
100 to  200 m (von Szalay, 1998). W e conducted  a 
p ilo t study in 1996 to determ ine the range  o f bottom  
types found in Tenakee Inlet. By deploy ing  a v ideo 
cam era and a S hipek grab sam pler at a  re la tively  large 
num ber o f  pseudo-random  sites (n  =  42) th roughout 
th e  inlet, w e determ ined that the p redom inant bottom  
types w ere: pebble-size gravel em bedded  in a m ud 
m atrix  (40% ), pure m ud (40% ), sand and gravel 
m ix tu re  (10% ), pure sand (5% ), and m iscellaneous 
com binations o f  m ud, sand, pebbles, cobbles, boulders 
(5% ) (unpublished  data, 1996). T he study a rea  w as a 
paralle log ram  approxim ately 6.8 km  x  2 .2  km, ranged
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F ig . 1. S tu d y  a rea s  (b o x es) in th e  B e rin g  S e a  (a) and  T e n a k e e  In le t (b ). A laska .

in depths from  60 to  230  m , and had seabed slopes 
betw een 0' and 50°.

W e conducted  four additional speed  trials over the 
continental she lf (in an area ex tend ing  from B ristol

B ay to  the P rib ilo f Islands) in the E astern  B ering  Sea 
using the N O A A  ship  M iller Freem an  (Fig. 1). This 
w as done in o rder to  generalize the findings from 
T enakee In le t on the effect o f  vessel speed to  an area
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T ab le  1
S p ec if ic a tio n s  a n d  se tt in g s  o f  a c o u s tic  e q u ip m e n t u sed  in the 
B e rin g  S e a  and  T en ak ee  ln le ta

B e rin g  S ea T e n a k e e  In le t

E c h o so u n d e r E K -5 0 0 E Q -5 0
M a n u fa c tu re r S im ra d S im ra d

O u tp u t p o w e r 2 0 0 0  W  (5 0 0  W /q u a d ra n t) 1000  W
P in g  ra te 1 H z 1 H z
P u lse  d u ra tio n 1 m s 1.25 m s

T ra n sd u c e r E S  38-B 3 8 -2 6 /2 2
M a n u fa c tu re r S im ra d S im ra d

T ype S p lit-b eam S in g le  b ea m
B eam  w id th 7 °  x  T 9" x  13°

F req u en cy 38 kH z 3 8  kH z

Q T C  V iew  version S e rie s  3 S e r ie s  4
B ase  g a in 0  dB - 7  dB
E x te rn a l a tten u a tio n 12 dB N o n e

“ T h e  tw o  n u m b e rs  lis te d  fo r b e a m  w id th  re fe r, re sp ec tiv e ly , to 
th e  fo re -a f t a n d  a th w a rtsh ip  a n g le s  o f  th e  b ea m  (th e  tra n sd u c e r  
used  in th e  B e rin g  S e a  g e n e ra te s  a  s y m m e tr ic  fo o tp r in t, w h ile  the 
t r a n sd u c e r  in  T e n a k e e  In le t d o es  no t).

with d ifferen t seabed properties. T he bathym etry  in 
the B ering  Sea study area w as re latively  flat, ranging 
in depth  from  50 to 100 m. T he seabed  w as consider­
ably less variable at the B ering Sea sites than in 
Tenakee Inlet and consisted  p rim arily  o f  finer particle 
bo ttom  types such as m ud, m ed ium -sized  sand, and 
com binations o f  the tw o (Sm ith and M cC onnaughey, 
1999).

Specifications and settings o f  acoustic  equ ipm en t 
used in the B ering S ea and T enakee Inlet are  listed in 
Table 1.

2.2. C alibration  o f  the Q TC  View

2.2.1. Tenakee In let
T he base gain was set to  the appropria te  level for 

T enakee In let before carry ing  ou t the calib ration  
p rocedure. T he base gain (m easured  in dB) refers to 
the am oun t o f  am plification  o f  the echo prio r to being 
processed  by the Q T C  View. I f  loo high, an excess o f 
satu rated  (clipped) signals m ay result in p oo r data 
quality  and loss o f  inform ation  due to flattened signal 
peaks. If  the base gain  is too low, how ever, w eak 
signals are com prom ised  by poor signal to noise ratios. 
O ur goal w as to  find a level tha t w ou ld  y ield  a 4 .5 -  
5 .0  V signal over hard  bo ttom  types in the shallow est 
part o f  the in let (i.e., dep ths approx im ately  5 0 -1 0 0  m ),

w hile ensuring  th a t th e  signal exceeded  1 .5 -2 .0  V  in 
the deepest areas w ith  a  soft substrate  {Q TC  View  
Series  4  m anual). E xperim en ta tion  w ith  d ifferen t se t­
tings suggested  an o p tim al level o f  - 7  dB fo r Tenakee 
Inlet.

W e then created  ca lib ra tion  files fo r sites w ith 
d ifferen t bottom  types. S ites w ith know n bo ttom  types 
w ere targeted  first (b ased  on 1996 p ilo t study). We 
co llected  65 records (co rrespond ing  to 325 pings) fo r 
each calib ration  at a p ing  rate  o f  1 H z. A se lf-con­
tained video cam era w as deployed during  each ca li­
bration  exercise. T he resu lting  v ideo reco rd  w as used 
to verify tha t all o f  the records m ak ing  up a calibration  
file w ere co llec ted  o v e r the sam e bottom  type. T his 
w as necessary because  vessel d rift can be considerab le  
during the 6 m in ca lib ra tion  procedure. W e also 
deployed the Sh ipek  sam pler im m edia te ly  p rio r to 
and after each ca lib ra tion  event. T he sed im ent sam ples 
w ere used to quan tita tive ly  describe  the bottom  type 
by m eans o f  a g ranu lom etric  analysis o f  partic le  size.

We generated  a p relim inary  cata log  consisting  o f 
four calib rations afte r ca lib ra ting  all o f  the know n 
sites. A cata log  con ta in s the shape param eter data 
from  the calib ra tions w hich w ere stored  as a  h igh­
d im ensional v a riance-covariance  m atrix . T h is m atrix  
is used to generate  the so-called  0 -v a lu e s  ( 0 , ,  Q 2, 
and 0 3) from  each  classification  reco rd  by m eans o f  
principal com ponent analysis. T he three 0 -v a lu e s  
(defining a po in t in th ree-d im ensional “ 0 -s p a c e ” ) 
associated  w ith a c lassification  record  are com pared  
w ith the clusters in 0  space (each c lu s te r consists o f  65 
points rep resen ting  the 65 records co llec ted  at each 
ca lib ra tion  site) in o rder to  assign a bottom  type class 
to the new  record. T he files in our p relim inary  catalog 
represen ted  the fo llow ing bottom  types: gravel 
em bedded in a m ud m atrix , coarse sand w ith peb- 
b le-size gravel, sand, and pure m ud.

W e tested the com pleteness o f  the prelim inary  
cata log  by co llecting  classification  da ta  from  a 
zig -zag  transect covering  the entire survey area. By 
m onito ring  classification  confidence in rea l-tim e and 
looking  a t the echosounder’s d isp lay  o f  the 10 m 
expansion layer, it was possib le  to use the prelim inary  
cata log  to search fo r new bottom  types. Two additional 
c lasses w ere found this w ay (barnacle  shells and a 
m ixed class contain ing cobble-size  partic les w ith sand 
and pebbles); thus, a  final catalog consisting  o f  six 
acoustically  d istinct classes w as generated .
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2.2.2. B ering  Sea
A separate  catalog, also consisting  o f  six classes, w as 

generated  for the B ering Sea site. T he classes contained 
in this cata log  corresponded to the follow ing sedim ent 
types: fine gravel, m edium  sand, fine sand, sandy mud, 
pure m ud, and shell hash. W e follow ed a calib ration  
procedure sim ilar to the one described for T enakee Inlet 
w ith tw o differences. E ach calibration consisted  o f  100 
rather than  65 records, and no cam era w as used for 
g round-tru th ing  since a video cam era is no t effective at 
d istinguishing am ong the various fine-grained sed i­
m en t types found over the Eastern B ering S ea shelf.

2.3. E ffec t o f  speed

2.3.1. E xperim en ta l design
A  speed  trial in T enakee Inlet consisted  o f  running  a 

se t o f  e igh t parallel tran sect segm ents at tw o d ifferen t 
speeds: 5 and 9 kn (Fig. 2). T hese speeds represen ted  
the  low est and highest speed that could be  consisten tly

m ain tained  by the John  N . C obb , and thus the m ax­
im um  con trast fo r ev a lua ting  speed  effects on c lassi­
fication perform ance. W e orien ted  the segm ents 
perpend icu lar to  the d ep th  contours in tw o  o f  th e  trials 
(b and c), and in one (a ) they w ere generally  aligned 
parallel to the contours. S egm en t lengths ranged  from 
approxim ately  1100 lo 1500 m. B oth seabed structure 
and bathym etry  w ere h igh ly  variab le  in the a rea  w here 
the speed trials w ere perfo rm ed .

A speed trial in the B ering  S ea consisted  o f  running 
the sam e 3.7 km  long tran sect segm ent a t four different 
speeds: 3, 6, 9, and 12 kn . T hese speeds span the range 
tha t could  be consisten tly  m aintained by the M iller  
Freem an  and allow  fo r an even g reater con trast in 
evaluating  speed  effects than w as possib le in Tenakee 
Inlet. D ifferential GPS and  a p lo t o f  th e  transect in a 
navigational softw are w as used to  ensure tha t the sam e 
ground w as traversed w hen  a  transect w as repeated  a t a 
different speed in both th e  B ering  Sea and Tenakee 
Inlet. We w ere particu larly  in terested in detenn in ing

T a b le  2
S p e e d  tr ia l re su lts “

T ria l f 1 P  d .f. O r ie n ta tio n  o f  tra n se c ts  D ep th  ra n g e  (m )

(a) C la s s ific a tio n  c o n s is te n c y

B e rin g  S ea
a 9 .3 7 0 .1 5 4 929 6 2 -6 4

b 0 .5 3 0 .9 1 2 977 9 4 -9 7

c 3.91 0.271 955 6 7 -6 8

d 5 .3 8 0 .4 9 6 943 8 4 -8 5

T e n a k e e  In le t
a 1.82 0 .4 0 2 414 P ara lle l to  c o n to u rs 2 8 -1 5 3

b 6.81 0 .235 1884 N o rm a l to  c o n to u rs 2 2 - 2 2 6

c 0 .4 4 0 .9 7 9 985 N o rm a l to  c o n to u rs 7 9 -2 1 2

T ria l M ean  c o n f id e n c e  p e rce n tag e  

3  kn  5 kn 6 kn 9 kn 12 kn

O rien ta tio n  o f  tra n se c ts P d.f.

(b ) C o n fid e n c e  p e rc e n ta g e s  
B e rin g  S ea  

a  8 2 .4 85 .8 84.9 87 .4 0 .0 1 3 932
b 8 9 .8 89 .7 89.3 88 .6 0 .7 7 10 0 0
c 8 6 .6 87.1 87.1 86.5 0 .0 3 4 958
d 79 .5 80.7 78 .3 81 .2 0.41 9 5 0

T e n a k e e  In le t 
a 
b 
c

81 .7
88 .5
89 .9

82 .6
89 .6
90.1

P ara lle l to  c o n to u rs  
N o rm a l to  c o n to u rs  
N o rm a l to  c o n to u rs

0 .72
0 .0 1 8
0.41

4 1 5
1854

9 8 6

a T h e  /  v a lu es  in (a) a re  u s e d  to  te s t w h e th e r  th e  re la tiv e  f re q u e n c y  o f  o c c u rre n c e  o f  ind iv id u a l bo ttom  ty p e  c la s se s  is  in d e p e n d e n t o f  sh ip  
sp e e d . P  in  (b ) is th e  p ro b a b ility  th a t th e  c o n fid en ce  p e rc e n ta g e s  a re  s ta t is tic a lly  id e n tic a l fo r  all speeds.
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Fig . 2 . S p e e d  T r ia l  c  in  T e n a k e e  In le t. T h e  u p p e r  p an e l illu s tra te s  a  tra n se c t c o lo r  c o d e d  by  b o tto m  type  w ith  d a ta  c o l le c te d  a t 5  kn . T h e  lo w e r  
m a p  sh o w s  a  tra n se c t o v e r  th e  s a m e  a re a  w ith  d a ta  co lle c te d  a t  9  kn . T h e  n u m b e rs  to  th e  r ig h t o f  th e  s e g m e n ts  in d ica te  tra n se c t se g m e n t 
n u m b e rs  a n d  th e  b o x es  i l lu s tr a te  c la s s if ic a tio n  rep e a ta b ility  o f  s a n d  (c la ss  3 )  a t  tw o  d if fe re n t speeds .

the quality  o f  the Q T C  View data under norm al oper­
ating conditions o f  an acoustic survey (12 kn). T he 
depth ranges covered by the four speed trials are listed 
in Table 2 for both T enakee In let and the B ering Sea.

2.3.2. A na lysis o f  sp e e d  tr ia l data
We considered tw o factors in the assessm ent o f  speed 

effects on bottom  type classification: repeatability  and 
degree  o f  ce rta in ty  o f  c lassifica tions. R epeatab ility

w as ev a lua ted  w ith a co n tingency  tab le  analysis. 
C lassifica tion  w as considered  rep ea tab le  if  the re la ­
tiv e  frequency  o f  the various bo ttom  type  c lasses did 
no t d iffe r  sign ifican tly  (a  =  0 .05) be tw een  vessel 
speeds. B erin g  S ea speed  tr ia ls  w ere  based  on 
app ro x im a te ly  4 5 0 -5 5 0  d a ta  po in ts  fo r runs at 
3 kn, ap p rox im ate ly  100-130  data  po in ts a t 12 kn, 
and  in te rm ed ia te  num bers at 6 and 9 kn. T h e  co rre ­
spond ing  figures fo r the T enakee  In le t tr ia ls  w ere
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2 5 0 -1 3 0 0  data po in ts a t 5 kn and 160-600  d a ta  points 
at 9 kn. S ince the valid ity  o f  a  con tin g en cy  table 
analysis is jeo p a rd ized  w hen a tab le  has m ore  than 
20%  o f  its cells w ith  an observed  frequency  less than 5 
(Zar, 1984), it w as often  necessary  to  ex c lu d e  certa in  
rare  c lasses  from  co nsidera tion  in ca lc u la tin g  the chi- 
square statistic .

T he degree o f  certa in ty  o f  classifications is m ea­
sured by confidence percen tages w hich a re  a m easure 
o f  the relative position  o f an incom ing  signal in three- 
d im ensional ö -sp a c e  (C ollins et al., 1996) and the 
cen te r o f  m ass o f  the tw o nearest c lusters con ta ined  in 
the calibration  catalog. T he c loser an incom ing  point 
is to the center o f  m ass o f  e ither cluster, the h igher the 
percentage. T his quality  control m easure is useful 
because the Q T C  View  a lw ays assigns a c lass to each 
echo return. A high percen tage indicates a great deal 
o f  sim ilarity  betw een the true bottom  type and the 
class assigned by the Q TC  View.

Since the assum ption o f  norm ality  o f  the confidence 
level da ta  w as not m et, even a fte r transfo rm ing  them  
accord ing  to the techniques recom m ended  by Zar 
(1984), w e evaluated the effect o f  speed  on the degree 
o f  certain ty  o f  c lassifications using  non-param etric  
analysis o f  variance. T he K ru ska ll-W allis  test was 
applied to the B ering  Sea data  w here the independent 
variable (speed) had four levels, and the M an n -W h it- 
ney lest w as used for the speed  trials in T enakee Inlet 
w ith  only tw o speeds.

2.4. E ffec t o f  slope

2.4.1. G ranulom etric  an d  sta tistica l ana lyses o f  
sed im en t sam ples

We exam ined the im pact o f  slope on classification  
perform ance by looking fo r patterns in m isclassifica- 
tions. C lassification accuracy, in turn, w as assessed 
through quantita tive com parison  o f  sed im en t sam ples 
co llec ted  w ith the Shipek sam p ler at both calib ration  
(n — 5) and validation (n =  18) sites. W e perform ed 
granulom etric  analysis on dry  sed im ents (von Szalay, 
1998) using a  stack o f n ine sieves ranging  in m esh size 
from  0.063 to 16 m m . T he m esh size o f  each sieve was 
tw ice tha t o f  the next sm alle r one, hence, th e  m esh 
sizes w ere 0.063, 0 .125, 0 .25, 0 .50  1.0 m m  and 
onw ard. Particles larger than  16 mm w ere separated  
from  the subsam ples and m easured  indiv idually  w ith 
calipers. Particles sm aller than 0.063 m m , on the  other

hand, w ere lum ped to g e th e r w ith those trapped in the 
sieve w ith the sm allest m esh  size, form ing a com bined 
“ m ud” category. W e genera ted  a total o f  12 size 
categories, rang ing  from  m ud (less than or equal to 
0.063 m m ) to cobbles u p  to 180 m m  in diam eter. A 
graphical representation  o f  the partic le  size com posi­
tion (i.e., cum ulative p artic le  size d istribution  function, 
o r C D F) o f  individual grab  sam ples w as generated  by 
p lo tting  the cum ulative w eigh t (expressed as a percen­
tage o f  the total sam ple w eight) against the m esh sizes 
o f  the different sieves (Fig. 3).

W e classified  bottom  g rab  sam ples from  validation 
sites to ca tegories estab lished  at the ca lib ration  sites 
using the fo llow ing  p rocedure. In the calibration  
phase, an acoustic  sam p le  w as linked  to  a calibration  
sed im ent sam ple. In the valida tion  phase, the category  
o f  a validation  grab  sam ple  w as estab lished  by deter­
m ining w hich calib ration  sed im en t sam ple w as m ost 
sim ilar in te rm s o f  partic le  size com position . C om par­
isons w ere based on a sum o f  squares analysis betw een 
all possib le  pairs o f  C D Fs, w here a pa ir consisted  o f  a 
sed im ent sam ple from  a ca lib ration  and a classified 
validation  site. A classification  w as considered  suc­
cessful if  the validation  sam ple w as m ost sim ilar to  the 
calib ration  sam ple fo r the assigned Q TC  View  class. 
T hus, a validation  grab  sam ple w as com pared  w ith the 
reference ca lib ration  sam ples, and a sim ilarity  index, 
o r square roo t o f  sum  of square (SQ R SS) d ifferences, 
was com puted  fo r all such pairs. W e generated  an 
SQ RSS value by tak ing  the d ifferences fo r all in teger 
values o f  phi ( f )  betw een tw o  cum ulative  distribution 
curves (von Szalay, 1998), w here f  is defined as

0  =  - ] o g 2£ ,

and E  is the diam eter, in m illim eters, o f  a  particle. The 
low er the SQ RSS value the g rea te r the sim ilarity  in 
particle size distribution betw een  the validation and 
calibration  sites. W e did no t perform  an SQ R SS ana­
lysis on one o f  the Tenakee Inlet calib ration  sites which 
consisted exclusively o f  large barnacle  shells, a bottom  
type w hich cannot be analyzed fo r particle size com ­
position by m eans o f  granulom etric analysis. Instead, 
we exam ined the validation sam ples visually  to de ter­
m ine w hether barnacles w ere p resen t o r absent.

2.4.2. A na lysis  o f  slope
To assess the im pact o f  slope on classification 

perform ance, it is necessary to  determ ine w hether
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the slope at incorrectly  classified sites is significantly  
g rea ter than slopes a t correctly  classified sites. S lope 
w as ca lcu la ted  as the abso lu te  value o f  the change in 
depth d iv ided by the d istance traveled  betw een tw o 
classification records. W e perform ed a standard  tw o- 
sam ple r-test to  test fo r d ifferences in m ean slopes at 
correctly  and incorrectly  classified sites. In addition , 
to de term ine  w hether steep  bottom  slopes affect the 
echo return to the po in t w here they effectively con ­
stitute an acoustic  seabed  class, w e calcu lated  the 
m ean slope associated  w ith each c lass’ c lassification  
records fo r da ta  co llec ted  at tw o d ifferent speeds in 
tw o nearby  areas during  fou r o f  the Tenakee Inlet 
surveys (specifically  using  transects that w ere oriented  
perpend icu lar to  the depth contours). T he data w ere 
pooled  and tes ted  fo r d ifferences in m ean slope am ong 
the classes, using  a  tw o-w ay analysis o f  variance 
(slope was trea ted  as the response  variable, speed 
and Q TC  View  c lass as the tw o factors, and area as 
a  b lock ing  factor). W e then applied T ukey ’s m ultip le 
com parison  test to  test fo r d ifferences (a =  0 .05) in 
the m ean slopes.

3. Results

3.1. E ffec t o f  speed

T he repeatab ility  o f  seab ed  classification  is in d e­
p enden t o f  speed, as ind ica ted  by non-significant 
d ifferences in the re la tiv e  frequency  o f  class assign ­
m ents at speeds betw een  3 and 12 kn (Table 2a). T he 
spatia l d istribu tion  o f  substra te  patches w as a lso  re la ­
tively  sim ilar at d ifferen t speeds (Fig. 2). A lthough 
som e d ifferences, a ttribu tab le  to the increase in fo o t­
p rin t size (i.e., decrease in  resolution) a t h igher speeds, 
are  no ticeab le  (Fig. 2), th e  sim ilarities are  consider­
ably m ore pronounced.

M ean  confidence percen tages w ere sim ilar am ong 
trials as w ell as am ong  the d ifferent speed levels 
w ith in  trials. T here  w ere no sta tistically  significant 
d ifferences in the m ean confidence percen tages in four 
ou t o f  seven speed trials (P  >  0 .05 , T able 2b). T he 
sm allest percen tages w ere  recorded during Trial d in 
the B ering  Sea w here the m ean ranged  betw een 78.3%  
(9 kn) and 81.2%  (12 kn). T he h ighest confidence

T a b le  3
R esu lts  o f  S Q R S S  a n a ly s is  o f  v a lid a tio n  g ra b  sam p le s1'

V a lid a tio n  g rab S Q R S S  s ta n d a rd  g rab S Q R S S
cla s s if ic a tio n

Q T C  V iew  
c la s s if ic a tio n

1 (c ,p ,s ) 3  (s) 6 (p ,s) 9 (m ,p ) 10 (m )

6 2 1 0 0 3 7 5 6 5 161 17502 5 8 7 6 4 6 6
9 2 3 7 5 3 10428 3 4 5 0 8 2 5 1 5 4 4 4 0 9 9
14 2 2 0 6 6 7 4 6 8 5 2 2 6 9 3 4 3 7 9 8 9 6 3 5 7 1 1
14b 8 1 4 3 8 7 4 3 1244 16467 5 8 6 2 2 1 1

15 71 1 1 2 2 4 6 8 5 9 1 6 12221 4 3 7 7 0 6 6
16 115 9 2 7 4 3 6 1626 10894 4 6 6 4 4 1 13
17 134 7 2 7 7 8 8 1451 11633 4 7 8 6 7 1 13
18 1 0 3 8 7 4 9 5 2 9 12995 24061 6 7 1 9 8 1 1
19 6 7 8 9 12398 12146 2 0 5 7 2 3 1 9 8 9 13
20 4 7 8 6 8 17108 6 2 5 4 6 13026 7 10 10
21 10506 10051 18104 8 1 0 16492 9 13
22 4 4 8 0 7 15988 591 12 11459 73 10 10
23 21 8 8 3 4 9 6 0 3 8 3 15992 5 5 6 9 2 6 6
23 b 2 6 8 4 4 0 2 6 4 9 8 19299 6 1 8 1 5 6 6
24 2 2 9 6 3 7 7 2 4 194 17819 5 9 2 0 4 6 6
25 2 7 9 5 3 165 36671 10563 18200 3 3
26 20 8 3 2 9 3 1 7 122 4 13411 5 0 7 8 2 6 6
27 27 8 1 2 3 0 9 2 33 1 4 10081 4 3 6 7 7 1 1

a S Q R S S  v a lu es  a s s o c ia te d  w ith  th e  C D F  c o m p ariso n  b e tw e e n  th e  re s p e c t iv e  v a lid a tio n  and  ca lib ra tio n  g ra b  sa m p le s . M in im u m  S Q R S S  
v a lu e  fo r  e a c h  v a lid a tio n  g ra b  is  ita lic  in d ic a t in g  th e  true  seab ed  c la s s . A n S Q R S S  v a lu e  co u ld  n o t b e  g en e ra te d  fo r  ca teg o ry  13 s in ce  b a rn a c le  
sh e lls  c a n n o t b e  p ro c e s s e d  b y  g ra n u lo m e tric  a n a ly s is  (c: c o b b le s , m : m u d , p : p e b b le s , s: sa n d , b: b a rn ac les ).
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values w ere  ob ta ined  in T enakee  In let du rin g  T rial c 
(8 9 .9 -9 0 .1 % ) and in the B erin g  S ea  du rin g  T rial b 
(8 8 .6 -8 9 .8 % ). F or all o th e r tria ls , the m eans w ere 
near 80%  w ith  varia tions no  g rea te r than one  o r  tw o 
percen tage  poin ts. A lthough  the  null hypo thesis 
sta ting  tha t confidence p ercen tag es a re  invariab le  
w ith speed  w as re jec ted  (T able  2b ) in th ree  ou t o f  
seven tria ls , there  w as n o  ap p aren t trend , inc reasing

or dec reas in g  in th e  confidence percen tag e  w ith 
speed.

3.2. E ffec t o f  slope

T he Q TC  View  correctly  classified 14 ou t o f  18 
validation  sites (T able 3). T he m ean slope o f  the 
m isclassified  sites (13 .4 J) w as significantly  h igher

T ab le  4
C a ta lo g  s u m m a rie s  and  d e s c r ip tio n  o f  c a lib ra t io n  a n d  v a lid a tio n  s ite s3

S ta n d a rd  g ra b  (c la s s  n u m b e r) H e te ro g e n e ity D ep th  (m ) S lo p e  (°) D e sc r ip tio n

(a) C a ta lo g  s u m m a r ie s  a n d  d e s c r ip t io n  o f  c a l ib r a tio n  s ite s

T e n a k e e  In le t
1 L o w 2 0 0 0 .27 C o b b le , p e b b le s , san d

3 L o w 2 0 0 0 .4 6 S an d

6 L ow 221 0 .9 8 P e b b le s , san d

9 L ow 132 15.94 M u d , p eb b le s

10 L ow 162 4.71 M u d

13 L ow 133 3 4 .20 B a rn a c le  sh e lls  (lOOPf)

B erin g  S ea
1 L ow 71 < 0 .5 S a n d y  m u d

2 L ow 66 < 0.5 M e d . S an d

3 L ow 78 < 0.5 M ud

4 L ow 47 < 0 .5 F in e  g ravel

5 L ow 56 < 0.5 M e d . G ravel

6 L ow 119 < 0 .5 F in e  san d

V alid a tio n  g rab H e te ro g e n e ity D e p th  (m ) S lo p e  (°) S Q R S S  c la s s if ic a tio n Q T C  View  c la s s if ic a tio n

(b ) D esc r ip tio n  o f  va lid a tio n  s ite s  a t  T en a ke e  In le t

6 M e d iu m 2 2 8 1.36 6 6
9 L ow 121 2 .02 10 10
14 M e d iu m 196 0 .4 9 1 1
14b M ed iu m 196 0 .4 9 1 1
15 H ig h 195 1.72 6 6
I6 h L ow 107 12.24 1 13
17” L ow 136 16.05 1 13
18 Low 181 1.74 1 I
I9 b L ow 173 17.18 9 13
20 L ow 169 5.01 10 10
2 |b L ow 160 8.13 9 13
22 M ed iu m 201 1.14 10 10
23 H ig h 2 2 0 0 .6 0 6 6
23b H igh 219 0.72 6 6
24 M e d iu m 206 0 .6 6 6 6
25 Low 2 0 9 0 .7 8 3 3
26 Low 2 1 0 0.68 6 6
27 L ow 192 1.42 1 1

a E a ch  c a lib ra tio n  file fro m  T e n a k e e  In le t w as  b ased  on  65  re c o rd s  (1 0 0  reco rd s  f o r  th e  B e r in g  S ea  file s) a n d  th e  re fe re n ce  d e p th , w h ich  
s ta n d a rd iz e s  ca lib ra tio n  files g e n e ra te d  a t d if fe re n t d e p th s , w as  175 m  fo r th e  T e n ak ee  In le t c a ta lo g  (120  m  fo r  th e  B e rin g  S ea  ca ta lo g ) . T h e  
n u m b e rs  in  th e  r ig h tm o s t c o lu m n  o f  (b ) re fe rs  to  th e  T e n a k e e  c la s se s  lis ted  in (a). 

b M isc la ss if ied  s ite s .
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(P  <  0 .01) than that o f  the correctly  c lassified  sites 
(1.3°). In particular, all o f  the m isclassified  sites had 
slopes g reater than 8 ' w hile the slope o f  the correctly  
c lassified  sites never exceeded 5° (Table 4), indicating  
tha t slopes exceed ing  approxim ately  5 -8 °  have a 
s ign ifican t effect on Q TC  View ’s  classification  perfo r­
m ance.

T he m isclassified  sites w ere all classified  as c lass 13 
by the Q TC  View  but none o f  the validation  sam ples 
from  these  sites, or any o ther validation site, con tained  
even a trace o f  barnacle  shells. Yet, the  standard  grab  
defin ing class 13 consisted  exclusively o f  barnacle  
shells accord ing  to a visual inspection o f  the grab 
sam ple  con ten ts ob tained  from calib ra tion  site 13. 
T h is finding w as also supported  by v ideo foo tage 
taken o f  the bottom  at this site.

T he slope  at the calibration  site defin ing class 13 
(approx im ate ly  34 ') w as substantially  g rea te r than  the

o ther calibration  sites w h o se  slopes ranged  betw een  
0.27° and 4.71° (Table 4 ) . T he only ca lib ration  site 
w ith a com parable slope  w as the one defining c lass 9 
(approxim ately  1 6 '), b u t since none o f  the validation 
sites w ere assigned to  c la ss  9, there is no  w ay o f  
de term in ing  w hether a c la s s  9 validation  site w ould  
have been correctly  c lassif ied  o r not.

T he SQ RSS analysis o f  the sam ples from  th e  m is­
classified sites and the g round -tru th ing  exercises con ­
ducted  at the class 13 ca lib ra tio n  site linked  class 13 to 
at least three d ifferent b o tto m  types: cobbles, pebbles 
and sand (c,p,s) at va lida tion  sites 16 and 17, m ud and 
pebbles (m ,p) at va lida tion  sites 19 and 21, and 
barnacles (b) at ca lib ra tion  site 13. T he c,p ,s class 
is an acoustically  d is tin c t bottom  type  under fiat- 
bottom  conditions, b u t in  steep areas such as sites 
16 and 17, it lost its “ acoustic  iden tity” and was 
lum ped together w ith tw o  o ther bo ttom  types (m ud

F ig . 4 . R e p re se n ta tiv e  tra n se c ts  w ith  b a th y m e try  fro m  T e n a k e e  In le t il lu s tra t in g  th e  e x is te n c e  o f  an a p p a re n t s lo p e  c la s s  (c la s s  13 =  tu rq u o ise )  
w h ic h  sh o w s  up in s tee p  a rea s , ir re sp e c tiv e  o f  th e  tra n s it d ire c tio n  re la tiv e  to  th e  d e p th  co n to u rs . T h e  g ray  d o ts  re p re s e n t th e  o n ly  o th e r  c la s s  
d e fin ed  by  a  s te e p  c a lib ra t io n  s ite  (c la s s  9 ). 3 D  b a th y m e try  g e n e ra te d  b y  k r ig in g  b ase d  on  d ep th  d a ta  co lle c te d  a lo n g  tra n se c t lines.
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and pebb les and barnacle  shells) into an apparen t 
“ slo p e” class. All o f  the o ther classes w ere associated  
w ith  only  one bottom  type each (Table 3).

T he m ean slopes associated  w ith the T enakee Inlet 
c lassification  records o f  the various classes w ere s ig ­
n ificantly  d ifferen t (P  <  0 .01). C lasses 1, 3, and 6 all 
had slopes o f  approx im ately  1 -2 ',  w hich is considered  
flat. T he m ean slopes o f  c lasses 9 ,1 0 , and 13, how ever, 
w ere d ifferen t from  each o f  the first three classes. T he 
m ean o f  c lass  10 w as 4 .2 ' and the m eans o f  c lasses 13 
and 9 w ere 9.7 and 13.9°, respectively. T he relatively 
steep slope associated  w ith the class 13 records along 
w ith  the steep  slope a t the m isclassified sites (all o f 
w hich w ere classified as c lass 13) and the steep 
ca lib ration  site defining class 13 (Table 4), strongly  
suggest that c lass  13 constitu tes a “ slope c la ss” rather 
than an actual bottom  type (i.e., barnacle  shell), 
regard less o f  w hether the transects are orien ted  par­
allel o r perpend icu lar to the depth contours (Fig. 4). 
Speed proved to  be a  non-sign ifican t (P — 0 .09 ) factor 
and w as dropped  from  a subsequent one-w ay ANOVA 
(w ith c lass as the only  factor, and area as a b lock ing  
factor) w hich the above resu lts are based on.

4. D iscussion

4.1. E ffec t o f  speed

Seabed classification w ith the Q TC  View is not 
affected by vessel speeds betw een 3 and 12 kn. 
A lthough not tested  directly, Q T C  View's perform ance 
probably  w ould  no t be affected by vessel speeds sub­
stantially  g rea te r than 12kn  based on the m odest 
fractional changes in the effective footprint size for 
speeds several knots g reater than 12 kn. T his result 
corroborates the findings o f  H am ilton et al. ( 1999), w ith 
data from  tw o o ther vessels. A s expected, spatial 
resolution o f  seabed  class w as noticeably low er at 
h igher speeds, as evidenced  by w ider spacing o f  returns 
at 9 kn com pared  w ith 5 kn. As such, the sm allest 
patches w ould be undetec ted  a t the higher speeds in 
areas w here the bottom  type changed over a very small 
spatial scale. T he significance o f  this, however, depends 
on the survey objective. In an area such as the G u lf o f  
A laska, e.g., the  spacing  betw een transects is consider­
ably m ore lim iting  to both resolution and the precision 
in estim ates o f  hab ita t quantity  (von Szalay, 1998).

Even though there w as som e statistical ev idence for 
significant d ifferences in the confidence levels w ith 
speed, the results are counter-in tu itive. T he speed  trial 
w ith the h ighest level o f significance (Trial a  in the 
B ering  Sea), e.g ., indicated  an increase in th e  m ean 
confidence percen tage with speed, rather than a  d ec ­
rease as one m ight expect because o f  the 1 arger effective 
foo tprin t size a t h igher speeds. F urtherm ore, in practice, 
the observed d ifferences are too sm all to be im portant, 
and the statistically  significant outcom e o f  T rials a  and c 
in the B ering S ea and T rial b in Tenakee Inlet are m ost 
likely a  reflection o f  large sam ple sizes (i.e., T ype I 
error) and inevitable navigation errors w hen attem pting  
to  duplicate a  track  line.

4.2. E ffec t o f  slope

O ur assessm ent o f  Q TC  View  accuracy, and hence, 
the determ ination  o f the  effect o f  slope on classifica­
tion  perform ance, assum es tha t acoustic  c lasses are 
largely  based  on grain  size. A lthough poten tia lly  
sign ifican t con tribu tors to the acoustic response 
(C ollins e t al., 1996), factors rela ted  to condition  o f 
sta te  such as degree  o f  com pactness and porosity , w ere 
not considered in this study. G iven this caveat, w e con ­
clude tha t even re latively  m odest slopes significantly  
e ffec t Q T C  V iew ’s  c lassification  perform ance. T his 
finding supports at least tw o theoretical argum ents for 
an adverse  im pact on classification perform ance in 
slop ing  areas. F irst, bottom  slope leng thens the echo 
duration , and hence the shape o f  the retu rn  signal 
(P reston , J., personal com m unication , 1999). M ore­
over, re tu rns from  the side lobes o f  the acoustic  beam  
b ecom e m ore p rom inent w ith steeper bottom  slope, 
resu lting  in echoes w ith altered  physical charac te ris­
tics fo r a given bottom  type (Traynor, J., A laska 
F isheries S cience C enter, Seattle, WA, personal com ­
m unication , 1997). It also corroborates the findings o f 
G reenstree t e t al. (1997) w ho suggested  tha t sy s tem a­
tic d ifferences in the E l and E 2  values recorded  by  the 
R oxA nn  system  w as m ost likely caused  by variations 
in the a ttitude  o f  the transducer. T he theoretical basis 
o f  R oxA nn  (C hivers et al., 1990) assum es tha t the 
transducer is horizontal.

In addition  to  slope, w e considered  depth  and 
substrate  patchiness, referred to  as heterogeneity , as 
alte rnative  explanations fo r the m isclassifications. W e 
ru led  ou t substrate  patchiness (defined in term s o f
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Q TC V iew 's  c lassification  consistency  w hile the vessel 
is allow ed to  d rift in the v icin ity  o f  the site) as a 
potential candidate  because  the heterogeneity  at all o f 
the m isclassified  sites w as relatively  low. D epth  was 
also ruled out desp ite  a som ew hat sign ifican t d iffer­
ence in m ean depth betw een correctly  and incorrectly  
classified sites. The reason  w as tha t the m ean  depth at 
the correctly  classified sites w as h igher than th a t o f  the 
m isclassified sites and the d is tribu tions o f  depths at the 
tw o types o f  sites partia lly  overlapped. I f  depth  w ere a 
cause o f  the m isc lassifications one w ould  expect the 
m ean depth to  be h igher at the m isclassified  sites, 
indicating tha t the m axim um  depth  lim it o f  the system  
had been exceeded.

The approach used to  evaluate the im pact o f  slope 
on classification accuracy  w as based  on tw o prem ises. 
F irst, if  a slop ing  bottom  affects Q TC  View 's perfor­
m ance to  the point tha t slope  itself, regard less o f 
substrate, constitu tes an acoustica lly  d is tinc t “ c lass” , 
then the classification  reco rds o f  a  c lass  defined by a 
steep calib ration  site shou ld  have a  h igher m ean  slope 
than those  o f  a “ fla t-bo ttom  c lass” . T h is prem ise by 
itse lf is no t sufficient to  conclude  tha t slope  affects 
classification accuracy since slope and bottom  type 
could be highly correlated . A second prem ise  is there­
fore necessary, and it states that bottom  types tha t are 
acoustically  d is tinc t in areas o f  low re lie f lose their 
identity w hen classified  over a  slope exceeding  som e 
critical angle, resu lting  in d ifferent bottom  types being 
lum ped together into a “ slope c lass” . T he validity o f 
both p rem ises was strongly  supported  by th e  data.

T he first prem ise w as supported  by the fac t tha t the 
slope at the calib ration  site for c lass 13 w as consider­
ably steeper than that o f  the o ther ca lib ra tion  sites, 
com bined  w ith the m uch steeper slopes associated 
w ith class 13 classification  records than all o ther 
c lasses (except for class 9 w hich appears to be a 
separate slope class). T he second  prem ise  w as sub­
stantiated  by our dem onstra tion  tha t c lass 13 does not 
refer to  a  un ique substra te  type since the SQ RSS 
analysis and g round-tru th ing  conducted  at the class 
13 calib ration  site linked  th is c lass to  at least three 
different bottom  types. T h is is in con trast to the other 
classes w hich are defined by relatively  fiat calibration  
sites (excep t fo r class 9) and w ere only associated  w ith 
one bottom  type. B ased on the ob jective SQ RSS 
analysis, validation sites 16 and 17 should  have been 
assigned to class 1, w h ile  validation  sites 19 and 21

should have been assigned  to c lass 9 (Table 3). Instead, 
all o f  these sites w ere assigned  to  class 13. In addition, 
none o f  these four sites (i.e., sites 16, 17, 19 and 21) 
contained  any barnac le  shells (and ne ither did any 
o ther validation  site) w h ich  is w hat ex tensive ground- 
tru th ing  a t calib ration  site 13 revealed.

A n additional ind ication  tha t c lass 13 m ay represent 
slope rather than a  bo ttom  type com es from  the fact 
tha t w ith one  o r tw o possib le  excep tions (Fig. 4), the 
Q TC  View  never ind icated  th e  presence  o f  class 1 on 
the slope. Yet, tw o ou t o f  the four grab  sam ples taken 
from  the slope (validation  sites 16 and 17) suggest that 
class 1 m ay be quite com m on there. W e acknow ledge 
tha t the am oun t o f  data supporting  the second prem ise 
is lim ited  albeit consisten t. Further research  sim ilar to 
tha t conducted  in th is study  is necessary  to confirm  the 
valid ity  o f  a slope c lass at steep  calib ration  sites as 
w ell as to  m ore precisely  determ ine the threshold 
ang le  at w hich the Q TC  View  fails to classify  the 
bottom  accurately.

4.3. A ssessing  fish  hab ita t with the Q TC  
View over the con tinen ta l slope?

T he assessm ent and m app ing  o f  essential fish hab i­
ta t is a po ten tia lly  im portant application  o f  acoustic 
bottom  typ ing . R esearch in th is area is already  under­
way w ith the m ajority  o f  studies focused  on benthic 
m arine hab ita t (e.g ., G reenstreet et al., 1997; C ollins 
and M cC onnaughey , 1998). B ecause m any com m er­
cially  im portan t species such as sablefish {A noplo­
p om a  fim b r ia ) and Pacific ocean perch {Sebastes 
alu tus) in the N orth Pacific are found a lm ost exclu­
sively over the  continental slope as adults, it is crucial 
to  address the lim itations o f  seabed  classification 
system s w ith respect to slope  before proceed ing  w ith 
hab ita t m apping.

S lope-rela ted  classification error could  perhaps be 
reduced  by  using  separate cata logs for steep and flat- 
bottom  areas. T he idea is th a t sand, e.g ., on a sloping 
surface constitu tes a  class th a t is acoustically  d istinct 
from  the sam e type o f  sand over a flat bottom . By 
using th e  appropria te  catalog fo r a  particu lar area (i.e., 
the “ slo p e” o r “ flat bo ttom ” cata log ), it w ould  be 
possib le  to  classify  the bottom  correctly  in all areas.

T here  are  great obstacles to this approach , however. 
F irst, it is un likely  that all slopes have the sam e im pact 
on th e  echo since the effect o f  side lobe returns
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gradually  increases w ith slope. C onsequently , it w ould  
be  necessary  to  create several “ slope ca ta lo g s” for 
d ifferen t slope ranges. O f even g rea te r concern  is the 
fac t tha t variability  in slope in the G u lf o f  A laska  is so 
g rea t tha t it w ould  be logistically  unfeasib le  to sw itch 
back and forth  betw een d ifferent ca ta logs on such 
sm all scales.

Perhaps a m ore realistic so lu tion  w ould be  to  m ount 
the transducer on an adjustab le  fram e th a t au to m ati­
cally  orients the transducer face parallel to  the bottom . 
T h is configuration w ould elim inate  the effect o f  slope, 
p rov ided  it is ab le to  respond sufficiently  fast to 
changes in the bathym etry. An echosounder w ith  a 
sp lit beam  transducer could  be used as a  slope  sensor 
since the phase d ifferences betw een the fo u r quadran ts 
are  d irectly  related  to the bottom  slope.

A lternatively, one could  m oun t the transducer on a 
relatively  stab le  platform  that “ traces” the bottom  
profile during data collection (e.g ., the h ead rope  o f a 
bottom  trawl), thus elim inating  th e  effect o f  slope 
entirely. A proto type net-m ounted  and self-contained 
underw ater echosounder system  is cu rren tly  being 
tested  (A cker et al., 1999). P relim inary  findings suggest 
tha t the attitude o f  the transducer relative to  the bottom  
can be successfully  kept w ithin the 5 -8 °  lim it reported 
here.

In sum m ary, there is an obvious need fo r research 
addressing  the negative im pact o f  slope on  the perfo r­
m ance o f  single beam  seabed classification system s. At 
present it is no t c lea r if  this problem  should  be addressed 
m echanically  (such as the approaches suggested  here), 
o r  w hether a m odeling approach tha t incorporates the 
effect o f  slope in the classification algorithm s is better. 
It m ay  also be beneficial to try shorter transm it pulses 
than those  used in th is study.
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