
NORTHERN ANCHOVY SCHOOL SHAPES AS RELATED T O  
PROBLEMS IN SCHOOL SIZE ESTIMATION 

ABSTRACT 

Horizontal fish school profiles of the northern anchovy. Engroulrs rnorcinx, taken from day aerial 
photographs and video tapes of school hioluminescence at nlght were examined to determine the 
percentage ofschool area within a circular field ofview and the school length and width ratios Schools 
observed during the  day had a n  average length to width ratio of 2 09:l. a t  night the ratio w’as 2.53:l 
The percent coverage ofthe school’s a iea  in relation to a circle drawn tangent about the school averagvd 
42.1% during theday and 29.2<4 during t h c  night The effect ofschool shape on esttni:itiun ofindiridunl 
school area as  observed with a side-looking sonar was determined. School width mensureinents. similar 
to that  obtained by the sonar. were used to determine school area and indicated a possible average 
overestimateofthe actual school area ol1.72:l The relation ofschool length and wldth t o  the error’ was 
determined. indicating the  p e a t e r  the length to width ratio the greater the error. 

Profiles off ish schools as viewed a n d  pho tographed  
in  the horizontal  p l a n e  from a n  a i rborne  platform 
h a v e  b e e n  p u b l i s h e d  by  n u m e r o u s  a u t h o r s .  
Radakov  I 19721, i n  h i s  review of fish schooling. 
described t h e  charac te r i s t ic  horizontal  shapes of 
fish schools i n  n a t u r e  as being very diverse  a n d  
ex t r eme ly  changeable .  H e  s t a t e d  t h a t  a spherical  
s h a p e  of a school is t h e  r a r e s t  of all a n d  also t h a t  a 
school’s s h a p e ,  size, or dens i ty  is a resu l t  of t h e  
in te rac t ion  be tween  t h e  fish a n d  t h e  physical  a n d  
biological env i ronmen t .  

School s h a p e  a n d  behavior  in n a t u r e  h a v e  been 
s tudied  w i t h  such  techniques  as aer ia l  observa-  
t ion,  hydroacoust ic  m e a s u r e m e n t s .  a n d  u n d e r w a -  
t e r  observa t ion .  Each  o f t h e s e  me thods  h a s  l imi ta -  
t ions.  U n d e r w a t e r  visual  observa t ions  a r e  subject  
to res t r ic t ions  d u e  to i l lumina t ion  a n d  restr ic ted 
visibil i ty.  Aerial  observat ion is l imited in t h e  d a y  
by w a t e r  t ransparency .  i l lumina t ion .  a n d  reflec- 
tance  from t h e  w a t e r  sur face  r e s u l t i n g  from wind 
a n d  wave  ac t ion .  Visua l  observa t ion  of school 
s h a p e  a t  n i g h t ,  as out l ined  by bioluminescent  or- 
g a n i s m s ,  i s  l imi ted  to  t h e  moon’s d a r k  cycle or t o  
periods of n o  moon, a n d  is affected by w a t e r  t rnns-  
pa rency  a n d  t h e  dens i ty  of bioluminescent  or- 
g a n i s m s  p r e s e n t  in t h e  w a t e r .  Both d a y  a n d  n ight  
observa t ions  a r e  l imited by t h e  school’s proximity 
to t h e  sur face  in  re la t ion  to t h e  factors  affect ing 
w a t e r  visibil i ty.  

Hydroacous t i c  o b s e r v a t i o n s  using lower f’re- 
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quency sounder s  of t h e  type, uscd commonly  in 
s o n a r  fish s i i rveys g i v v  imprecise  images of fish 
schools i n  t h e  fbrm of echograms  t h a t  m u s t  he 
i n t e r p r e t e d .  Grtbatei. reholu t ion  of fish school 
shapes .  bu t  with limited r a n g e .  can l)c, ohta incd  
with u l t rasonic  scann ing  equipmeri t  iVoglis and 
Cook 1966). 

All of t h e s e  ohs t rva t ion  techniques  m;iy ; i l t t>r 
t h e  env i ronmen t  a n d  in m a n y  cases  may  resul t  i n  
modification of fish school behavior .  Fish school 
behavior  is affected when  in  close proximity to 
s h i p s ,  submei~siblcs ,  a n d  d i v e r s ,  a n d  a i r c r a f t  
(no ise ,  shado\vi could possibly modify t h e  school. 
t hough  t h i s  is not  documcxnted. 

S u r v e y s  a n d  i w x u r c h  s tudies  us ing  var ia t ions  
of t h e s e  t h r e e  observat ion t e c h n i q u e s  a r e  ciir- 
ren t ly  in use h i .  direct biomass es t imat ion  of f i sh  
populat ions by ot)servation of’ individual  schools. 
school groups. ;ind t h e  inteimal s t i x c t u r c  of t h e  
school, 

Hydroacoust ic  research on schooling fish i s  cur-  
rcmtly being conducted by t h r  South\vt,st Fishc,ritJs 
C’entcr ( S m i t h  1970; H c ~ \ v i ! t  t t  L I I .  1956,. C‘o;ist:iI. 

hydrwrcoustic surveys ~ 1 1 x 3  conducted by tht ,  Stiitt. 
o!‘ Ciiliforniii (Mnis 19741 to dclteimine ii relat i \ ,c .  
a b u n d a n c e  est i mat  e of t h c’ nor th  cnrn ii n ch ovy , En - 
g m ~ / / ~ s  , , i o r ~ / a . v .  ‘I’hc.st% s u r v e y s  arc’ conducted dut.- 
iiig t h c  dayl ight  hours. ;IS coniparativt. t es t s  indi-  
ctitc, a n  incrc.:iscd probability of’ detect ion d u r i n g  
th i s  period  smith 19701. 

At,rial ol)ser\~a! ion5 by commc~rciul  fish spot te rs .  
in t h e  form of school counts  a n d  r.stim:itcs of total  
t o n n a g e .  arc  h c i n g  uscad by t h c  S o u t h k v e s t  

433 



YISHEHY l 3 l ' l . i , ~ : l l X  YO!. Ti<, SO 2 

e rence  wi th  t h e  or ien ta t ion  of these  poin ts  about  
t h e  school's profile be ing  u n k n o w n .  If a n  el l ipse is 
fitted r andomly  he tween  t h e s e  two  poin ts .  t h e  re -  
s u l t i n g  a v e r a g e  area will equa l  a circle, i~ condi- 
t ion t h a t  \vas not observed in aer ia l  photogri iphsof  
anchovy schools. 

F isher ies  C e n t e r  t o  ca lcu la te  indices of a p p a r e n t  
a b u n d a n c e  for severa l  coastal  species. inc luding  
t h e  nor thern  anchovy ( S q u i r e  1972). To a i d  in t h e  
de tec t ion  a n d  q u a n t i f i c a t i o n  of p i l c h a r d ,  Sar- 
rfiriops oc.cl/ntn, shoal  occurrence off S o u t h  Afr ica .  
C r a m  I 1974) used a n  a i rborne ,  low-l ight- level ,  
e lectron image  intensif ier  to view t h e  ocean's s u r -  
face, de tec t ing  t h e  bioluminescence of fish schools. 
D u r i n g  these  n i g h t  a e r i a l  s u r v e y s  t h e  school's 
horizontal  sur face  a r e a  w a s  interposed on t h e  i n -  

s t rument ' s  c i rcu lar  field of view,  rind r u n n i n g  es- 
t i m a t e s  of t h e  percentage  of coverage w e r e  niadt,. 
T h e s e  percentage  e s t i m a t e s  were  t h e n  used in t h e  
computa t ion  of biomass e s t i m a t e s .  

T h e  intensif ier  used by t h e  S e a  F isher ies  of 
S o u t h  Africa h a s  been used by t h e  a u t h o r  off t h e  
s o u t h e r n  Cal i forn ia  coast  on a n  e x p e r i m e n t a l  
basis .  D u e  to  t h e  h ighly  var iab le  school s h a p e s  
e n c o u n t e i d .  m a k i n g  e s t i m a t e s  of t h e  percentagc  
of school covc'rage in t h e  c i rcu lar  field of view art' 
difficult. Expe r i ence  indicated t h a t  examina t ion  
of aer ia l  color pho tographs  a n d  n ight  1ow-lt.vel 
video t a p e s  of anchovy school s h a p e s  for d c t t w n i -  
na t ion  o f t h e  percentage  ofschool cove~.ag:c ivi thin 
a circle  would he useful ,  par t icu lar ly  if in t h e  fu- 
t u r e ,  s u r v e y s  were to be conducted a t  n ight  us ing  
th i s  method for t h e  developmt.nt of biomass esti- 
m a t e s  f'or t h e  n o r t h e r n  anchovy a n d  o t h e r  neai.- 
sur face  school ing pelagic  species .  

In  addi t ion.  a n  a n a l y s i s  of' ;inchovy horizontal  
school s h a p e s  m a y  ass i s t  hydroacoust ic  r e s e a i r h -  
e r s  in d e t e r m i n i n g  e r r o r  p a r a m e t e r s  for computa -  
tion of s o n a r  b iomass  e s t i m a t e s .  Hydroacoust ic  
surveys  c u r r e n t l y  conducted for t h e  nor thern  a n -  
chovy use both s ide-  a n d  ver t ical- looking s o n a r  to  
detect  a n d  m e a s u r e  fish schools a n d  school g roups  
d u r i n g  t h e  d a y  a l o n g  a p r e d e t e r m i n e d  s u i ~ c y  
t r a c k  l ine .  The acoust ic  "beam" used in  t h e s e  sur-  
veys var ies  according to t h e  u n i t  a n d  is of 2 5  to 
10'. W h e n  de tec t ing  t h e  school. t h e  s ide- looking 
sonar  m c a s u r e s  the m a x i m u m  dimension in one  
aspec t  o f t h e  school, e i t h e r  no rma l  to or para l le l  t o  
t h e  ship 's  t r ack .  For t h e  purpose of ca lcu la t ing  
horizontal  a r e a ,  in cont ras t  to t h e  aircraf t ' s  verti-  
cal view of t h e  a c t u a l  horizont;rl school a r e a .  t h e  
echograrn school width is a s sumed  to be elliptical 
 smith 1970). P r e l i m i n a r y  a t t e m p t s  a t  biomass 
es t imat ion  from s o n a r  s u r v e y s  h a v e  used t h e  sim- 
ple a s sumpt ion  t h a t  a se r ies  of e s t i m a t e s  of t h e  
width of an e l l i p t i c d  school f rom random aspec ts  
will resu l t  i n  an unb iased  e s t i m a t e  of school hori-  
zontal a r e a .  I n  a s ide- looking s o n a r  t h e  school 
width is measu red  a n d  provides two points  of ref- 
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METHODS 

To e x a m i n e  t h e  s h a p e  of rioi.tIieri1 a n c h o v y  
schools a s  obstbrved d u r i n g  d a y  a n d  n ight  a n d  t o  
d e t e r m i n e  wha t  percentage  t h e  school occupies of' 
:I circle t a n g e n t  t o  t \vo points  a long  t h e  school's 
edge a n d  conta in ing  t h e  school insid<, the circle. 
a c i rc le  w a s  di.aivn a b o u t  school  pro l i les  ob- 
ta ined  from a ser ies  of 'LO d a y  obl ique  aer ia l  color 
photographs i from t h e  photographic  file5 of t h e  
SouthLvest F ishe i , ies  C e n t e r )  a n d  of 20  n i g h t  
pho tographs  of fish school hioluminescencc.  T h e  
I )  i o 1 u ni i n e s c e n  t ii i i  c h o v y  s c h o o  1 s h a p e s  bve r e  
photographed froni H telti\,ision mon i to r  as it pro- 
jected video t a p e s  recorded from :in a i rborne  low- 
I i gh t - I e v e  I t ti I e v  is i on c;i m t a  i ~ i  used d u ri t i  g anchovy 
resource survc~ys  off no r thwes te rn  Mrisico. T h e  
night  p ti ot ograph  s wt~r( '  mad e ;I v a  i 1 a hl e t h i'oug h 
thci courtesy of Z i p a t a ,  11ic.~ ( Z n p a t a  Fishtiriesl ,  
Hous ton ,  Tex.  T h e  night  srii.vyvs us ing  IoLv-light- 
level television \vert' conducted a t  clt~viit  ions o t 'up  
to 1.828 111 i6.000 l'ti a n d  this survey  technique  is 
eff tvt ive brcause  t h c  noi.thc'rn anchovy commonly  
migri i tcs  t o  t h e  nc.ai.-surf;icr arvn d u r i n g  hours of 
d a r k n e s s  ( S q u i r e  19721. 

T h e  ac tua l  archa of the. schools ohsc1rvc.d in t h e  
pho tographs  a r e  unknoivn d u e  t o  lack of d a t a  on 
t h e  a i rc raf t ' s  d t  i tude.  c a m e r a  anglc .  a n d  camer;i 
geometry:  howt.\.c.r. :ill ivwe t a k e n  from ang1t.s 
approach ing  ver t ical .  However ,  ; i l l  area calcula-  
t ions  a r e  exprcwrd in pe rcen tages  of a circlci 
d r a w n  t a n g e n t  ahout  t h e  whool's edge .  

Thti d a y  school profiles were  f u r t h e r  ana lyzed  to 
d e t e r m i n e  wha t  t h e  school a r r u  would be i f '  t h e  
ividth n i e a s u r c w c n t  wvrc considered to be  e q u a l  t o  
t h e  school's d i a m e t e r  a n d  wha t  t h e  area would he  
if viewed systt.in;iticalI,v from six points  30" arc)  
ahout  a n  a r c  ot' 1 K O  a r o u n d  tht ,  school (hased on 
school kvidth 01' di:tmetc.i. :is de te rmined  s i m i l a r  t o  
t h e  m e a s u r e m e n t s  m a d e  from :I hydroacoust ic  
s o u n d e r ) .  'I'hesc a r e a  d a t a  calculated from t h e  s ix  
points  o f  observat ion to d e t e r m i n e  school w id th  
were t h e n  compared t o  t h e  ac tua l  school  ai^. 

, 
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School length to width ratios were determined 
for both day and night schools. 

The  school a rea ,  as expressed in terms of 
percentage of the circle drawn about it. was de- 
termined by tracing the school profile upon paper. 
cutting the school out of the circle and weighing 
both the school profile and the nonschool portion of 
the circle on a sensitive laboratory balance. School 
areas for the six points of school width (diameter) 
measurement about the 180" arc were computed 
statistically. 

RESULTS 

Night Observat ions 

Figure 1 illustrates the profiles of schools re- 
corded by the airborne low-light-level television 
system. On each figure are given the area percent- 
age ofa tangent circle that  the fish school occupies 
and the length to width ratio. 

The average percent coverage of a night an- 
chovy school. in relation to the circle tangent to 
the school, is 29.2%. The average ratio of school 
length to width is 2.53:l. 

Day Observat ions 

Figure 2 illustrates profiles of schools observed 
during the day. On each figure are given the per- 
centage of a circle tangent to the school that  is 
occupied by the fish school, the length to width 
ratio, and the 30" arc points that  were used to 
determine the school's estimated diameter and 
area, simulated as randomly viewed by a side- 
looking sonar. The ratio of the actual school area 
to the calculated area of the school's average, high 
and low estimate, a s  viewed every 30"of a 180- arc 
based on simulated sonar measurements of width, 
is given in Table 1. 

The average percent coverage of a day anchovy 
school to the tangent circle about the school is 
42.1%. The average length to width ratio for all 
day schools is 2.09:l. The ratio of estimate of the 
area of all day schools, a s  calculated from mea- 
surements from 30" arc points about the school, to 
the actual area of the school is 1.72:l. The ratios, 
length to width, and estimate of school area to 
actual school area were compared and Figure 3 
graphs the relationship. The graph displays the 
variables plotted on log-log paper showing two 
main points: One, that  the variance is changing 
proportionally to the mean. This is expected a s  
there should be more variation a s  the school 

TAI3I.E 1.-Ratio of the actual anchovy school area to the aver- 
age area based on six points ofobservation as viewed e w r ?  :Ill'of 
a 180' area. and the high and low ratio. 

School Average HigP 10% 

1D 
2D 
3D 
JD 
5D 
6D 
7D 
8D 
9D 

1 OD 
11D 
120 
13D 
14C 
15D 
16D 
1 i D  
1 8D 
19D 
2 0 0  

1 2 6 1  
1 196 
1 122 
1212 
1 1  13 
1 2 - 3  
1 150 
1 1  32 
1 149 
1131  
1765  
1 1 3 3  
1 147 
1 168  
1 197 
1 160 
1 1 38 
1 138  
1 199 
1 177 

1 3 9 5  
1 2 9 1  
1 1 56 
1371  
1 1  41 
1 4 53 
1 2 3 5  
1 2 00 
1 1 8 8  
1 1 6 0  
1 4 8 2  
1 2 0 2  
1 2 3 5  
1 2 54 
1 3 30 
1 2 6 9  
1 2  10 
1 2 00 
1'352 
1290  

1 0 83 
i o 9 0  
1 0 8 5  
1063  
1 080 
1 1  18 
1 o r 0  
1 0 54 
1 1  19 
1 1 0 4  
1 0 6 2  
1 0 8 5  
1 0 7 7  
1 0 4 9  
1 0 6 5  
1 0 4 4  
I 0 81 
1068  
I 0 4 2  
1 0 6 6  

length to width increases. Two, the plotted regres- 
sion line indicates that  more bias thig1it.r esti- 
mated actual school ratio) is introduced ;IS the 
school length to  Lvidth ratio increases. The line is 
significant at the 95"t confidence intrrval as 
proven by the t-test ( 1.98 *- 2.298). The confidcnce 
limits are from 0.0545 to 0.734. 

S U M M A K Y  ANI) COMMENTS 

The data on day night school length to width 
ratios support what is commonly known about the 
schooling shapes of t h e  northern anchovy. They 
arc  more common in the near-surface area at  
night, generally in large elongate thin surface 
schools. These elongate schools tend to group to- 
gether in the early mwning hours and descend to 
depth to form more compact schools during the day 
( h l a i s  1974). Studies by Squire ( 1972) ofaerial fish 
spotter data show anchovy schools to be more frc- 
quently observed. and observed i n  larger quan- 
tities a t  night. when compared with day observa- 
t ions. 

The schools percent area covcrnge ofthe tangent 
circle a t  night i s  12.9';; less than its coverage dur- 
ing the day and the length to width ratio is greater 
by 0.44. In addition, analysis of school length t o  
width ratios compared to the ratio of t.stirnated 
school size to actual size I Figure 3 )  shows that tis 
the length to width ratio increases a grvater error 
in school area estinxitt) \vi11 occur. Schools with a 
length to width ratio of' 2: 1 have an  estimated to 
actual error of about 1.5: 1 while more elongate 
schools of a ratio of 3 :  1 have nn estimated error of 
about 1.75:l. 
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@ 
I 205  3021% 

I I39 6978 % 

I178 4192% 

DAY 17 

@ 
I164 4760% 

1183 ' 3498% I139 6671% I271 25 31% 

DAY 6 

I 2 2 0  31 52% 

DAY ID I 

I128 62 40 e/. 

1252 ' 3605% 

I128 

I 2 2 9  W84% I192 49 18% 

DAY I I  

I 3 5 4  20 74% 

DAY 15 

Q. 
I 2 m  28 BJ% 

I 1 5 9  50 36% 

DAY 16 

@ 
I 276  3721% 

DAY 19 DAY 2 0  

I 2 8 5  280I% I 2 5 6  3392% 

F I G U R E 2  --ProfilesofanchovyschoolsobserveddunngthedayoffsouthernCalifornia. indicating the Hidth toIc.ncth riitiiiiind 
the percentage of a tangent circle about the school Measurements of school width were taken at the 51 x point * I lmig itrriw shtitt  I 

indicated about a 180" arc 
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conduct of surveys using a low-light-level televi- 
sion system where the video signal can be recorded 
and later electronically analyzed with the aid ofan 
image analyzer, should result in a higher degree o f  
survey accuracy. 

School shapes were taken from photographs 
randomly selected from an  aerial photo file. Many 
of the photos were taken in the nearshore areas. 
There is the  possibility t ha t  schools may be 
slightly more elliptical in shape over deep water 
than  in the  nearshore areas,  but this is not 
documented. If this were true the error estimate 
would be reduced. This and other aspects of school 
profile and orientation should be investigated 
further and estimates of length to width ratios 
from aerial surveys. done in conjunction with each 
acoustic survey, may be useful for determin a t '  ion 
of a correction factor for the acoustic data. 

3.0 
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RATIO-  SCHOOL LENGTH TO WIDTH 
FIGURE 3.-Regression plot for t he  ratio estimated anchovy 
school size to actual size compared with the school length to 
width ratio. 

For simulated sonar observations of school 
widths used in the calculation of school area,  the 
preliminary examination of these data indicates a 
possible 1.72:l average overestimate ofarea due to 
school shape deviations from a circle or ellipse. 

Fish schools, being highly variable in horizontal 
profile, are probably equally complex in vertical 
structure; the relationship of horizontal complex- 
ity to vertical complexity is not known. Also un- 
known is the question of whether the individual 
school's axis is oriented in  the same general direc- 
tion within a group of schools, a possible factor 
which, if it occurs, could provide a source of sub- 
stantially higher or lower school area error esti- 
mates from sonar track line surveys. 

The problem of accurately estimating the per- 
centage of school area within view of a low-light- 
level viewer is difficult, as the examples of school 
shapes within the  target circle would indicate. 
Parameters of human viewing error could be es- 
tablished for this survey technique. However, the 
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