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STOCK ASSESSMENT A C T I V I T I E S  WITHIN THE 
NATIONAL MARINE FISHERIES SERVICE 

EXECUTIVE SUMMARY 

The purpose o f  t h i s  r e p o r t  i s  t o  present r e s u l t s  o f  t h e  Stock Assessment 
Task Force i n v e s t i g a t i o n  i n t o  t h e  na tu re  and scope o f  t h e  e x i s t i n g  stock 
assessment s tud ies  w i t h i n  Na t iona l  Marine F i s h e r i e s  Serv i ce  (NMFS). The Task 
Force focused i t s  rev iew on f i s h e r y  and marine mammal popu la t i ons  as t h i s  work 
p rov ides  i n f o r m a t i o n  t o  resource managers. The t r a d i t i o n a l  f i s h e r i e s  
d e f i n i t i o n  o f  t h e  te rm "stock assessment'' i s  t h e  c o l l e c t i o n  and a n a l y s i s  o f  
b i o l o g i c a l  and s t a t i s t i c a l  i n f o r m a t i o n  t o  determine t h e  changes i n  abundance 
o r  r e l a t i v e  abundance o f  l i v i n g  resource popu la t i ons  i n  response t o  f i s h i n g .  
Th is  r e p o r t  descr ibes  c u r r e n t  stock assessment methodology used w i t h i n  NMFS, 
w i t h  examples and e v a l u a t i o n  o f  adequacy f o r  each method. 

These methods i n c l u d e  c o l l e c t i n g  f i s h e r y  s t a t i s t i c s  and conduct ing  
f ishery- independent surveys, such as t r a w l  surveys, a e r i a l  surveys, marine 
mammal counts, f i s h  egg and l a r v a  surveys, acous t i ca l  assessment, and 
environmental ind ices .  The a p p l i c a t i o n  o f  f i s h e r y  a n a l y s i s  models f o r  stock 
assessment then  draws on t h e  r e s u l t s  o f  f i s h e r y  and survey da ta  c o l l e c t i o n  
p r o j e c t s .  From i t s  review, t h e  Task Force concluded t h a t  stock assessment 
methodologies a r e  no t  pe r fec t .  Each method has a p a r t i c u l a r  s e t  o f  b i o l o g i c a l  
and phys i ca l  c o n d i t i o n s  under which i t  works best. Each method has a s p e c i f i c  
s e t  o f  assumptions and assoc ia ted  costs.  E x i s t i n g  methods a r e  no t  completely 
interchangeable;  each measures a s l i g h t l y  d i f f e r e n t  aspect o f  stock abundance. 
As a r e s u l t ,  no s i n g l e  approach o r  technique i s  s u i t a b l e  f o r  a l l  species o r  
areas. 

One hundred and f i f t y  d i f f e r e n t  f i s h  and marine mammal s tocks  a re  
These assessments a re  no t  c u r r e n t l y  be ing  assessed by NMFS research centers.  

one-time endeavors b u t  r e q u i r e  cont inued updat ing  because o f  t h e  dynamic 
na tu re  o f  t h e  s tocks  involved. O f  t h e  t o t a l  n a t i o n a l  funds a v a i l a b l e  f o r  
f i s h e r y  research i n  FY79, 59% supported t r a d i t i o n a l  stock assessment research 
by NMFS cen te rs  and regions. 
p o s i t i o n s  were i nvo l ved  i n  stock assessments. A t o t a l  o f  3,070 sea days o f  
vessel t i m e  was requ i red .  The assessments f o r  many o f  t h e  minor  f i s h e r i e s  o r  
f i s h  s tocks  t h a t  occur as by-catches i n  ta rge ted  f i s h e r i e s ,  w h i l e  based on t h e  
bes t  s c i e n t i f i c  i n f o r m a t i o n  ava i l ab le ,  a r e  adequate o n l y  i n  t h e  con tex t  o f  t h e  
p r o  forma requirements o f  t h e  l e g i s l a t i v e  acts.  Stock assessments f o r  most o f  
t h e  impor tan t  s tocks  do p rov ide  es t imates  o f  stock s i z e  (abso lu te  o r  r e l a t i v e )  
and i n f o r m a t i o n  on t rends  i n  popu la t i on  abundance. 

The Task Force concluded t h a t  t h e r e  i s  a need t o  acce le ra te  techno log ica l  
developments f o r  stock assessment. 
t r a d i t i o n a l  sampling approaches a r e  o f  p a r t i c u l a r  importance. I n  a d d i t i o n ,  
advances i n  survey technology a r e  needed f o r  s tocks  f o r  which adequate and 
cos t  e f f e c t i v e  survey techno1 og i  es do no t  e x i  s t .  

Approximately 54% o f  t h e  788 f u l l t i m e  research 

Methods t o  eva lua te  t h e  accuracy o f  
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The Task Force a l s o  concluded t h a t  s i g n i f i c a n t  improvement i n  stock 
assessment w i l l  come from i n v e s t i g a t i o n s  o f  b i o t i c  and a b i o t i c  aspects o f  
r e c r u i t m e n t  and i n t e r - s p e c i f i c  r e l a t i o n s ,  i.e., causal mechanism o f  
rec ru i tmen t ,  and f rom ecosystem studies.  Furthermore, t h e  Task Force s t r o n g l y  
emphasized t h e  importance o f  improving t h e  q u a l i t y  and t i m e l i n e s s  o f  f i s h e r y  
s t a t i s t i c s .  Th i s  improvement w i l l  d i r e c t l y  a f f e c t  t h e  q u a l i t y  o f  t h e  
assessments. 

The advent o f  conserva t ion  and environmental l e g i s l a t i o n  over  t h e  pas t  
decade has c rea ted  an urgent  need t o  improve t h e  q u a l i t y  and t i m e l i n e s s  o f  
stock assessment in fo rmat ion .  Stock assessment s t u d i e s  have been 
s i g n i f i c a n t l y  extended t o  p rov ide  i n fo rn ia t i on  on t h e  U.S. resources harvested 
by t h e  domestic f i s h e r i e s  which have i n c r e a s i n g  need f o r  da ta  on a l a r g e  
v a r i e t y  o f  f i s h ,  s h e l l f i s h ,  and marine mammals. 

The increased need f o r t i m e l y ,  and i n  many cases urgent,  s tock  assessment 
r e s u l t s  r e q u i r e s  t h a t  t h e  q u a l i t y  o f  communications on stock assessment 
conc lus ions  as they  r e l a t e  t o  resource management i n f o r m a t i o n  be s u b s t a n t i a l l y  
improved. P repara t i on  o f  s tock  assessment r e p o r t s  f o r  va r ious  management 
bodies leaves  l i t t l e  t i m e  f o r  s c i e n t i s t s  t o  w r i t e  manuscr ipts f o r  s c i e n t i f i c  
p u b l i c a t i o n .  As a r e s u l t ,  peer rev iew i s  o f t e n  l ack ing .  

W i t h i n  NMFS, stock assessment research i s  guided by mandates o f  f ede ra l  
l e g i s l a t i o n  such as t h e  Magnuson F ishe ry  Conservat ion and Management Act, 
Marine Mammal P r o t e c t i o n  Act, and Endangered Species Act, and o f  i n t e r n a t i o n a l  
t r e a t i e s  such as t h e  I n t e r n a t i o n a l  Convention f o r  Conservat ion o f  A t l a n t i c  
Tuna. Fo r  resources where stock assessment i s  no t  mandated by l e g i s l a t i o n ,  
research i s  guided by NMFS s c i e n t i f i c  miss ions  t o  understand t h e  popu la t i on  
dynamics and t o  mon i to r  impor tan t  f i s h  stocks. The ques t i on  o f  p roper  mix o f  
NMFS research  can be addressed a t  t h r e e  l e v e l s :  stock assessment work versus 
o t h e r  f i s h e r i e s - r e l a t e d  research; balance o f  stock assessment research among 
f i s h e r y  resources under t h e  Center 's  purview; and l e v e l  o f  stock assessment 
a n a l y s i s  f o r  a p a r t i c u l a r  resource w i t h  respec t  t o  frequency, p rec i s ion ,  and 
combi na t  i on o f  methodol og i  es. 

These va r ious  research s tud ies  c u r r e n t l y  under way throughout NMFS 
u l t i m a t e l y  a f f e c t  t h e  s t a t u s  o f  t h e  f i s h e r y  resources and t h e  r e s u l t i n g  stock 
assessments. A fundamental knowledge o f  t h e  impact o f  n a t u r a l  changes i n  t h e  
environment and i t s  resources on t h e  s u r v i v a l  and growth o f  f i s h  popu la t i ons  
i s  needed t o  understand p o p u l a t i o n  t rends  and i n t e r a c t i o n s  o f  t h e  popu la t i on  
w i t h  o t h e r  b i o t a  i n  t h e  ecosystem. Hence, f u t u r e  stock assessment must be seen 
i n  a much more h o l i s t i c  manner and c u r r e n t  research a c t i v i t i e s  should be 
designed t o  understand t h e  processes and events i n  t h e  inanimate and 
b i o l o g i c a l  environment. 

The Task Force, recogn iz ing  t h a t  research demands and management needs 
v a r y  among reg ions  and f i s h e r i e s ,  recommends t h a t  NMFS a c t  t o :  

1) enhance t h e  t i m e l y  c o l l e c t i o n  and processing o f  improved o r  new 
f i s h e r i e s  da ta  t o  meet t h e  needs o f  resource managers and 
researchers ; 
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2 )  expand t h e  concept o f  a m u l t i d i s c i p l i n a r y  (ecosystem) approach t o  
s tock assessment, i n t e g r a t i n g  i n fo rma t ion  f rom environmental ,  ocean 
v a r i a b i l i t y ,  and f i s h e r i e s  impact s tud ies ;  

3 )  improve knowledge o f  bo th  b i o t i c  and a b i o t i c  aspects o f  t h e  
rec ru i tmen t  f u n c t i o n  and i n t e r - s p e c i f i c  r e l a t i o n s ,  so t h a t  resource 
managers may eva lua te  t h e  p o t e n t i a l  o f  r e g u l a t o r y  measures which 
a f f e c t  resource p r o d u c t i v i t y ;  

I 4)  advance t h e  t h e o r e t i c a l  and techn ica l  bases f o r  s tock assessment; 

5 )  communicate w i t h  and in fo rm user  groups i n  o rder  t o  inc rease t h e i r  
understanding o f  t h e  s t rengths  and weaknesses o f  assessment 
techniques, and t h e  i m p l i c a t i o n s  o f  these techniques t o  management 
dec i  s i  ons ; 

6 )  recognize t h a t  new i n f o r m a t i o n  demands f o r  management have eroded t h e  
peer rev iew process, and t o  exp lo re  methods t o  improve such peer 
review. 
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STOCK ASSESSMENT ACTIVITIES WITHIN THE 
NATIONAL MARINE FISHERIES SERVICE 

1.0. INTRODUCTION 

Considerable concern has been expressed by members of the Regional 
Fisheries Councils created under the Magnuson Fishery Conservation and 
Management Act of 1976, by members of the Marine Mammal Commission, by members 
of s t a t e  f isher ies  and game agencies, and by academia, regarding the adequacy 
and emphasis of existing National Marine Fisheries Service (NMFS) stock 
assessment ac t iv i t ies .  Questions have been raised regarding the most 
effective technology in the conduct of such ac t iv i t i e s  by NMFS and whether 
assessments are adequate in terms of the needs of the councils. 

To respond t o  these inquiries,  the Assistant Administrator fo r  Fisheries 
of the National Oceanic and Atmospheric Administration ( N O A A )  i n  April 1979 
established a Stock Assessment Task Force t o  investigate the nature and scope 
of existing stock assessment studies within NMFS. Dr. Dayt n L. Alverson, 
Director of the Northwest and Alaska Fisheries Center, NMFS', was requested t o  
chair the Task orce. Members included Dr. Brian Rothschild, Senior 

Administrator for  Fishe ies'; Dr. Lamarr T r o t t ,  Acting Director, Office of 
Science and Environment'; Dr. Robert Edwards, Director, Northeast Fi sheries 
Center; Dr. William Fox, J r . ,  Director, Southeast Fisheries Center; and Dr. 
Izadore Barrett ,  Director, Southwest Fisheries Center. Upon Dr. A1 verson's 
retirement i n  January 1980 from NMFS, Dr. Barrett assumed chairmanship of the 
Task Force. 

Scient is t ,  NOAA E ; and,  from NMFS, Mr. Jack Gehringer, Deputy Assistant 

The Task Force was requested t o  investigate and consider the following: 

1) current stock assessment ac t iv i t i e s  w i t h i n  NMFS-including 
methodology, assumptions, form of outputs, and accuracy and precision 
of findings; 

2 )  relation of stock assessment and mon i to r ing  ac t iv i t i e s  t o  more 
fundamental processes influencing the behavior, abundance, and 
p o p u l a t i o n  characterist ics of f isher ies  resources; 

3)  potential of new technological and stock assessment ac t iv i t i e s ;  and; 

4 )  questions of the best overall combination of different  types of 
research which NMFS must and should consider. 

A general outline was developed by the Task Force Chairman and agreed 
upon  by i t s  members. 
on the following major topics: Stock Assessment as a Concept, Stock Assessment 

The material has been organized t o  provide information 

'Position i n  Apr i l  1979. 
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Methods, Adequacy o f  Stock Assessment Methods, A l l o c a t i o n  o f  F i n a n c i a l ,  
Personnel, and Vessel Resources t o  Stock Assessment, Geographic Appl i c a t i o n  t o  
Stock U n i t s  o r  Marine Mammal Species, Communicating Resu l ts  t o  User Groups, 
and Proper Mix o f  Science. 

A d i scuss ion  o f  some o f  t h e  problems c o n f r o n t i n g  NMFS i n  t h e  conduct o f  
stock assessment s tud ies ,  and recommendations t o  t h e  A s s i s t a n t  Admin i s t ra to r ,  
a r e  a l s o  included. A s e r i e s  o f  ma t r i ces  i s  added as an Appendix, t o  p o i n t  
out ,  i n  a condensed form, t h e  l a r g e  volume o f  t h e  work conducted by NMFS t o  
c a r r y  ou t  i t s  management r e s p o n s i b i l i t i e s .  

T h i s  document was prepared by a Working Group o f  NMFS S c i e n t i s t s ,  
i n c l u d i n g  M i l e s  A l ton ,  Dayton L. Alverson, Murray Hayes, and Michael T i l lman,  
NWAFC; Andrew Kemmerer, Joseph Powers, and James Zuboy, SEFC; Izadore  B a r r e t t ,  
T i m  Smith, and Gary S t a u f f e r ,  SWFC; Emory Anderson, NEFC; and James Meehan and 
Lamar T r o t t ,  F/SR. B r i a n  Rothsch i ld ,  U n i v e r s i t y  o f  Maryland, a l s o  c o n t r i b u t e d  
t o  t h e  document. 
d i r e c t i o n  was prov ided by t h e  Guidance Group made up o f  t h e  NMFS Center 
D i rec to rs .  

Murray Hayes was chairman o f  t h e  Working Group. Overa l l  

1.1. Stock Assessment as a Concept 

The te rm ' 'stock assessment" i n  f i s h e r i e s  science has been a p p l i e d  t o  t h e  
c o l l e c t i o n  and a n a l y s i s  o f  b i o l o g i c a l  and s t a t i s t i c a l  i n f o r m a t i o n  t o  determine 
t h e  changes i n  s i zes  o r  r e l a t i v e  s i z e s  o f  l i v i n g  f i s h e r y  resource  popu la t i ons  
( o r  s tocks)  i n  response t o  t h e  e f f e c t s  o f  f i s h i n g  and, i n  some instances, t o  
p r e d i c t  f u t u r e  t r e n d  pa t te rns .  
leads  t o  conc lus ions  t h a t  equate l a r g e  popu la t i on  s i z e s  w i t h  t h e  te rm 
"hea l thy"  and small  p o p u l a t i o n  s i zes  w i t h  t h e  te rm "threatened" o r  "over- 
f ished."  
s tandpo in t ;  t h a t  i s ,  f a c t o r s  such as disease, adequacy o f  food, and v i a b i l i t y  
o f  t h e  i n d i v i d u a l s  i n  t h e  popu la t i ons  a re  f r e q u e n t l y  ignored. Hence, f o r  t h e  
most pa r t ,  stock assessment w i t h i n  NMFS has been t r a d i t i o n a l l y  concerned w i t h  
abundance and d i s t r i b u t i o n  o f  s tocks  and t h e i r  s ize,  sex, and age composit ion. 
From such data, i n f o r m a t i o n  i s  generated on t h e  numbers s u r v i v i n g ,  numbers 
dy ing ,  growth r a t e s  o f  i n d i v i d u a l s  and populat ions,  and t rends  i n  p o p u l a t i o n  
s izes,  p a r t i c u l a r l y  i n  t h e  presence o f  f i s h i n g .  
parameters, a l l owab le  b i o l o g i c a l  harves ts  have been es t imated i n  l i g h t  o f  t h e  
goal  o f  maximizing such y i e l d s .  

The process o f  stock assessment f r e q u e n t l y  

Stock assessment has seldom been approached from an ecosystem 

F i n a l l y ,  f rom these 

There a r e  many p o s s i b l e  o b j e c t i v e s  f o r  conduct ing stock assessments. 
example, t h e  stock assessment a c t i v i t y  migh t  be designed t o  es t ima te  t h e  
growth r a t e  o f  a p a r t i c u l a r  species, o r  t o  determine t h e  r e l a t i o n  between 
ca tch  and e f f o r t  i n  t h e  f i s h e r y  o f  a s i n g l e  species o r  a group o f  species. 
Such a stock assessment migh t  t hen  be used t o  develop a model which 
i n t e r r e l a t e s  b i o l o g i c a l  and economic f a c t o r s  t o  determine a l e v e l  o f  f i s h i n g  
e f f o r t  t h a t  w i l l  maximize ne t  revenue t o  fishermen. U1 t i m a t e l y ,  most stock 
assessment a c t i v i t i e s  a r e  conducted t o  develop fishery-management in fo rmat ion .  

For  

The many p o s s i b l e  o b j e c t i v e s  and techniques f o r  stock assessment r a i s e  
t h e  f o l l o w i n g  issues: 1) What a r e  app rop r ia te  o b j e c t i v e s  f o r  stock assessment? 
2 )  Which o f  several  techniques should be employed t o  s a t i s f y  a p a r t i c u l a r  
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o b j e c t i v e ?  and 3 )  Is t h e  a t ta inment  o f  p a r t i c u l a r  o b j e c t i v e s  impeded by a l a c k  
o f  techniques, o r  do c e r t a i n  a v a i l a b l e  techniques r e q u i r e  improvement? 

F i s h e r i e s  management o b j e c t i v e s  have changed cons iderab ly  ove r  t h e  l a s t  
decade. 
maximum catches, p resent  f i s h e r i e s  management goa ls  i n v o l v e  s o c i a l  and 
economic o b j e c t i v e s  w i t h i n  b i o l o g i c a l  cons t ra in t s .  The b i o l o g i c a l  (maximum 
ca tch )  o b j e c t i v e s  o f  e a r l i e r  management were r e l a t i v e l y  s imp le  t o  d e f i n e  and 
cou ld  be measured d i r e c t l y  i n  t h e  magnitude o f  t h e  catch. 
economic o b j e c t i v e s  o f  l a t e r  management, however, t end  t o  be more d i f f u s e  and 
complex; t h e y  a r e  w i t h  us, nevertheless,  as i n d i c a t e d  by recen t  
mar i ne- resource 1 e g i  sl a t  i on. 

While e a r l i e r  o b j e c t i v e s  were p r i m a r i l y  o r i e n t e d  toward a t ta inment  o f  

The s o c i a l  and 

The Marine Mammal P r o t e c t i o n  Act o f  1972 (MMPA), f o r  example, dec la res  
t h a t  s tocks  o f  marine mammals should no t  f a l l  below a l e v e l  "...which w i l l  
r e s u l t  i n  t h e  maximum p r o d u c t i v i t y  o f  t h e  popu la t i on  o r  t h e  species, keeping 
i n  mind t h e  optimum c a r r y i n g  c a p a c i t y  o f  t h e  h a b i t a t  and t h e  h e a l t h  of  t h e  
ecosystem o f  which they  form a c o n s t i t u e n t  element." The Magnuson F i s h e r y  
Conservat ion and Management Ac t  o f  1976 (MFCMA) seeks t o  a t t a i n  optimum y i e l d  
f o r  each stock o f  f i s h ,  which, among o t h e r  th ings ,  "...is p resc r ibed  on t h e  
bas i s  o f  t h e  maximum sus ta inab le  y ie ld . .  .as mod i f i ed  by any r e l e v a n t  economic, 
s o c i a l ,  o r  e c o l o g i c a l  fac to r . "  The Endangered Species Ac t  o f  1973 (ESA) 
imp1 i e s  t h a t  " . . . ove ru t i l i za t i on  f o r  commercial, spo r t i ng ,  s c i e n t i f i c ,  o r  
educat ional  purposes'' i s  a f a c t o r  i n  de termin ing  whether a species i s  
endangered o r  threatened. 
a re  s p e c i f i c  sanc t ions  w i t h  respec t  t o  t h e i r  capture.) 

( I f  a species i s  endangered o r  threatened, t h e r e  

It i s  c l e a r  t h a t  these laws p rov ide  us w i t h  r e s p o n s i b i l i t i e s  which f a l l  
i n t o  two management-related areas. The f i r s t  area i s  conceptual and invo lves  
terms--such as maximum p r o d u c t i v i t y ;  optimum c a r r y i n g  capac i ty ;  h e a l t h  o f  t h e  
ecosystem; optimum y i e l d ;  r e l e v a n t  economic, s o c i a l ,  o r  e c o l o g i c a l  f a c t o r ;  and 
o v e r u t i l i z a t i o n - - w h i c h  a r e  no t  s imp ly  n o r  e a s i l y  defined. Many yea rs  may pass 
b e f o r e  s c i e n t i f i c a l l y  v a l i d  d e f i n i t i o n s  o f  these terms a r e  agreed upon. These 
terms, each o f  which con ta ins  n o t  o n l y  b i o l o g i c a l ,  b u t  a l s o  s o c i a l  and 
economic imp l i ca t i ons ,  a r e  very  vague and cons iderab le  disagreement e x i s t s  
about t h e i r  i n t e r p r e t a t i o n .  
c a l l e d  upon t o  adv ise  whether stock abundance i s  above o r  below maximum 
p r o d u c t i v i t y ,  o r  whether s tocks  a r e  harvested a t  a l e v e l  deemed o v e r u t i l i z e d ,  
i t  i s  c r i t i c a l  t o  i s o l a t e  t h e  complex issues r a i s e d  by te rmino logy  and, by so 
doing, p rov ide  a bas i s  f o r  b e t t e r  f u t u r e  d e f i n i t i o n s .  

Because stock assessment s p e c i a l i s t s  a r e  o f t e n  

The second area i s  ope ra t i ona l  and invo lves  e s t i m a t i n g  whether a 
popu la t i on  i s  a t  a l e v e l  below t h e  de f i ned  ''optimum" l e v e l .  
l e v e l  has been def ined, an es t ima te  o f  popu la t i on  abundance made, and t h e  
es t ima te  f a l l s  below t h e  op t ima l  l e v e l ,  i s  t h e  es t ima te  below t h e  op t ima l  
l e v e l  r e a l  o r  i s  i t  due t o  a chance d e v i a t i o n ?  On what b a s i s  should resource 
ha rves t i ng  be terminated? 

I f  an optimum 

Our new laws have c rea ted  new demands on stock assessment a c t i v i t i e s .  
The r e s u l t s  o f  stock assessment a f f e c t  bo th  t h e  l i v e l i h o o d  o f  those who 
harves t  o r  process f i s h e r y  resources and t h e  s e n s i b i l i t i e s  o f  those who f e e l  
t ha t  h a r v e s t i n g  o f  some species should be te rmina ted  o r  g r e a t l y  reduced. 
Developing a s t r a t e g y  f o r  a t t a i n i n g  t h e  s o c i a l  and economic resource 



-7- 

o b j e c t i v e s  t h e r e f o r e  places cons iderab le  emphasis on t h e  completeness, 
accuracy, and p r e c i s i o n  o f  stock assessment. 

1.2. The C r i t e r i a  o f  Relevance, Accuracy, and P r e c i s i o n  

Stock assessment i s  a science-based a c t i v i t y  o r i e n t e d  t o  p rov ide  
i n f o r m a t i o n  f o r  management o f  f i s h e r i e s ,  marine mammals, and t h e i r  
environment. Such i n f o r m a t i o n  prov ides  t h e  b i o l o g i c a l  boundar ies and l i m i t s  
w i t h i n  which t h e  socioeconomic bounds o f  man's use a re  set. W i t h i n  t h e  
a n a l y t i c a l  process, t h e  c r i t e r i a  o f  relevance, accuracy, and p r e c i s i o n  bear 
h e a v i l y  on success; consequently, these c r i t e r i a  p rov ide  t h e  benchmarks f o r  
e v a l u a t i o n  o f  c r e d i b i l i t y .  

The c r i t e r i o n  o f  re levance i s  paramount i n  a m iss ion -o r ien ted  agency, 
such as NMFS, which has m u l t i p l e  ob jec t i ves .  Work must be se lec ted  which w i l l  
p rov ide  b o t h  immediate and long  range i n f o r m a t i o n  f o r  var ious  cons t i t uenc ies - -  
f i s h e r i e s  managers, marine mammal managers, environmental managers, commercial 
and marine r e c r e a t i o n a l  f ishermen, processors, consumers, and concerned 
laymen. 
a re  p r o p e r l y  i n f l uenced  by t h e  c o n s t i t u e n t s  themselves th rough t h e  var ious  
i n s t i t u t i o n s  f o r  pub1 i c  inpu t .  
i n t e r p r e t a t i o n  o f  such i n p u t s  and f o r  s e t t i n g  p r i o r i t i e s  f o r  r e l e v a n t  work. 

The major  problem i s  t h e  s e l e c t i o n  o f  p r i o r i t i e s .  These dec i s ions  

Agency "managers" a re  respons ib le  f o r  

Once t h e  r e l e v a n t  work i s  selected, t h e  c r i t e r i a  o f  accuracy and 
p r e c i s i o n  p rov ide  t h e  measure o f  success. I n  most s c i e n t i f i c  under tak ings  
such as stock assessment, t h e  o b j e c t i v e  i s  t o  p r e d i c t - - t h a t  i s ,  t o  at tempt t o  
develop i n f o r m a t i o n  t h a t  r e f l e c t s  c o n d i t i o n s  which w i l l  be found i n  t h e  r e a l  
world. The degree t o  which such i n f o r m a t i o n  conforms w i t h  r e a l i t y  i s  termed 
accuracy. P a r t i c u l a r l y  i n  b i o l o g i c a l  systems, v a r i a t i o n  occurs i n  appl i c a t i o n  
o f  a survey o r  sampling technique and r e s u l t s  vary from one experiment t o  
another. 
b i o l o g i c a l  system, and t h e  measure o f  t h a t  v a r i a t i o n  around t h e  r e a l  
(parameter) va lue  i s  termed p rec i s ion .  While p r e c i s i o n  f o r  a g iven l e v e l  o f  
e f f o r t  may be improved by c a r e f u l  s t a t i s t i c a l  design, t h e  pr imary  means t o  
improve p r e c i s i o n  i s  increased sampling, which t r a n s l a t e s  d i r e c t l y  t o  costs. 

Theory suggests t h a t  v a r i a t i o n  i s  an i nhe ren t  c h a r a c t e r i s t i c  o f  a 
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2.0. STOCK ASSESSMENT METHODS 

A f t e r  t h e  o b j e c t i v e s  o f  f i s h e r i e s  management a r e  c l e a r l y  understood, i t  
i s  necessary t o  s e l e c t  t h e  most app rop r ia te  stock assessment techn ique f o r  
meet ing t h e  p a r t i c u l a r  ob jec t i ves .  
techniques be chosen? 
c r i t e r i a  f o r  choosing among stock assessment techniques w i t h  respec t  t o  
understanding t h e  f i s h e r y .  

How should one o r  several  o f  t h e  a v a i l a b l e  
Answering t h i s  ques t ion  i n v o l v e s  development o f  

The ex i s tence  o f  new requirements a f f e c t i n g  t h e  na tu re  and t i m e  frame i n  
which stock assessment o b j e c t i v e s  a r e  de f i ned  and t h e  ensuing need t o  develop 
c r i t e r i a  t o  c l a r i f y  t h e  adequacy o f  stock assessment techniques s e t  t h e  stage 
f o r  de termin ing  t h e  s t a t e - o f - t h e - a r t  i n  stock assessment and f o r  NOAA-NMFS t o  
develop i t s  programs. 
techniques approp r ia te  t o  t h e i r  a t ta inment  need t o  be surveyed; t h e  cos t  
e f f e c t i v e n e s s  o f  each techn ique needs t o  be developed; and recommendations 
need t o  be made. 

P a r t i c u l a r  o b j e c t i v e s  need t o  be i d e n t i f i e d ;  t h e  

NMFS c u r r e n t l y  u t i l i z e s  a v a r i e t y  o f  techniques t o  acqu i re  i n f o r m a t i o n  on 
stock s i zes  and trends. Frequent ly ,  several  o f  these techniques may be used 
t o  eva lua te  o r  assess t h e  stock c o n d i t i o n  f o r  a s i n g l e  species o r  species 
complex. Stock assessment u s u a l l y  begins w i t h  an e v a l u a t i o n  o f  ca tch  and 
e f f o r t  da ta  c o l l e c t e d  from a f i s h e r y  o r  f i s h e r i e s .  Such da ta  a r e  f r e q u e n t l y  
augmented by p o r t  sampling o f  l and ings  designed t o  c o l l e c t  i n f o r m a t i o n  on t h e  
b i o l o g i c a l  a t t r i b u t e s  (s ize ,  age, sex, and rep roduc t i ve  c o n d i t i o n )  o f  t h e  
popu la t i ons  ( s tocks ) .  Fisher ies- independent da ta  c o l l e c t e d  d u r i n g  b i o l o g i c a l  
surveys a r e  used where f i s h e r i e s  s t a t i s t i c s  a re  inadequate o r  r e q u i r e  
complementing. Such surveys may t a k e  t h e  form o f  a e r i a l  reconnaissance, 
d i r e c t  sampling o f  popu la t i ons  w i t h  f i s h i n g  gear, sampling o f  egg and l a r v a  
forms w i t h  q u a n t i t a t i v e  p lank ton  nets, and remote sensing techniques. 
da ta  may subsequently be mod i f i ed  o r  i n t e r p r e t e d  i n  l i g h t  o f  environmental 
i n d i c a t o r s .  

These 

Although a v a r i e t y  o f  methods e x i s t  f o r  stock assessment analyses, some 
may n o t  be a p p l i c a b l e  t o  a p a r t i c u l a r  species, species group, o r  geographic 
area; some cannot be employed because o f  t h e  manner i n  which h i s t o r i c a l  da ta  
have been c o l l e c t e d  from t h e  f i s h e r i e s .  
i n f o r m a t i o n  i s  1 i m i t e d  due t o  species behavior,  t echno log ica l  1 i m i t a t i o n s ,  
cos ts ,  e tc .  

Hence, t h e  v a r i e t y  o f  a p p l i c a b l e  

These methodological  c o n s t r a i n t s  must be considered along w i t h  such 
f a c t o r s  as a v a i l a b l e  manpower, f i n a n c i a l  resources, e tc .  Some f i s h e r i e s  a re  
more va luab le  than  others,  and c e r t a i n  f i s h e r i e s  show a g r e a t e r  v a r i a b i l i t y  i n  
abundance w i t h  t ime. The more va luab le  t h e  f i s h e r i e s ,  the more " leverage' '  i s  
associated w i t h  a p a r t i c u l a r  stock assessment. 
underest imate o f  stock s i z e  has a cons iderab ly  d i f f e r e n t  i m p l i c a t i o n  f o r  a 
f i s h e r y  t h a t  e x h i b i t s  a ne t  b e n e f i t  o f  $100,000 t h a n  f o r  a f i s h e r y  w i t h  a ne t  
b e n e f i t  of $1,000,000. 
examinat ion o f  assessment methodology migh t  be warranted f o r  t h e  more va luab le  
f i s h .  
Thus valuable,  h i g h l y  v a r i a b l e  f i s h e r i e s  may warrant a d i f f e r e n t  s e t  o f  stock 
assessment s t r a t e g i e s  than  low valued o r  low v a r i a b i l i t y  f i s h e r i e s .  

Fo r  example, a 10% 

Greater  sampling i n t e n s i t y  o r  a more d e t a i l e d  

The more v a r i a b l e  a f i s h e r y ,  t h e  more observa t ions  need t o  be taken. 
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Another f a c t o r  t o  be eva lua ted  i s  t h e  margin o f  r e t u r n  o f  i n f o r m a t i o n  f o r  
Low va lue  and low v a r i a b i l i t y  f i s h e r i e s  t h e  investment o f  research resources. 

might be managed i f  s u f f i c i e n t  research i s  undertaken. 
v a r i a b i l i t y  f i s h e r i e s ,  even i f  h i g h l y  valued, may n o t  be b e t t e r  managed, even 
w i t h  a cons ide rab le  expend i tu re  o f  resources. 

However, h i g h  

Each NMFS Center must eva lua te  methodologies i n  terms o f  t h e  above 
f a c t o r s  and s e l e c t  t h e  most f e a s i b l e  approach w i t h i n  i t s  f i n a n c i a l  and 
equipment resources. Stock assessment f rom egg and l a r v a l  s tud ies  has, f o r  
example, been employed c o n s i s t e n t l y  i n  t h e  C a l i f o r n i a  Cur ren t  area and l e s s  
f requen t l y  i n  t h e  G u l f  of Mexico; i t  has been more o r  l e s s  i n a p p l i c a b l e  i n  t h e  
nor theas t  P a c i f i c  and northwest A t l a n t i c .  
f i s h i n g  gear has been, t o  a g r e a t e r  o r  l e s s e r  ex ten t ,  a mainstay o f  t h e  stock 
assessment s tud ies  conducted by t h e  Northwest and Alaska F i s h e r i e s  Center, t h e  
Southeast F i s h e r i e s  Center, and t h e  Northeast F i s h e r i e s  Center. Remote 
sensing and a e r i a l  sensing have been used by bo th  t h e  Southwest and Southeast 
F i s h e r i e s  Centers. A l l  Centers make ex tens i ve  use o f  r o u t i n e l y  c o l l e c t e d  
s t a t i s t i c a l  da ta  f rom f o r e i g n  and domestic f i s h e r i e s .  

D i r e c t  sampling w i t h  commercial 

I n  t h i s  s e c t i o n  on methodology, we w i l l  cons ider  t h e  sources o f  data-- 
f rom t h e  f i s h e r y  i t s e l f ,  f rom f ishery- independent surveys, and from t h e  
environment--and how these a r e  i n t e g r a t e d  through f i s h e r i e s  analyses t o  
produce s tock  assessments. 

2.1. I n f o r m a t i o n  from t h e  F i s h e r i e s  

A p r imary  source o f  i n f o r m a t i o n  f o r  stock assessment i s  t h e  f i s h e r i e s  
themselves. The mechanisms f o r  c o l l e c t i o n  o f  such i n f o r m a t i o n  vary  among 
f i s h e r i e s ,  areas, and agencies. For  example, l and ings  da ta  f rom t h e  
commercial f i s h e r i e s  a re  g e n e r a l l y  c o l l e c t e d  by fede ra l  agents on t h e  eas t  and 
G u l f  coas ts  and by s t a t e  agents on t h e  west coast. Recreat iona l  ca tch  
s t a t i s t i c s ,  on t h e  o t h e r  hand, a r e  u s u a l l y  c o l l e c t e d  by c r e e l  census 
techniques a p p l i e d  on a random sampling basis.  F i s h i n g  e f f o r t  and l o c a t i o n  
da ta  may be c o l l e c t e d  by mandatory logbooks i n  some f i s h e r i e s  and by i n t e r v i e w  
da ta  i n  others.  These da ta  c o l l e c t e d  from t h e  f i s h e r i e s ,  however, may be 
organized i n  f u n c t i o n a l  groups as fo l l ows :  

1 )  t r a d i t i o n a l  f i s h e r i e s  s t a t i s t i c s  on p a r t i c i p a t i o n ,  catch, e f f o r t ,  and 
f i s h  products; 

2 )  c a t c h  sampling da ta  f o r  species, sex, s ize,  and age composit ion, and 
f o r  food h a b i t s  and reproduc t ion ;  

3 )  logbook, i n t e r v i e w ,  o r  survey da ta  f o r  d e t a i l e d  area o f  catch,  
e f f o r t ,  and socioeconomic d e s c r i p t o r s ;  and 

4)  t a g g i n g  s t u d i e s  t o  i d e n t i f y  o r i g i n  o f  stocks, m ig ra t i ons ,  growth, and 
r a t e  o f  e x p l o i t a t i o n .  
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2.1.1. F i s h e r i e s  S t a t i s t i c s  

F i s h e r i e s  s t a t i s t i c s  a r e  a p r imary  source o f  i n f o r m a t i o n  on t h e  s t a t u s  
of f i s h  stocks. These s t a t i s t i c s  i n c l u d e  r o u t i n e  s c i e n t i f i c  da ta  c o l l e c t e d  
from samples o f  t h e  f i s h e r y  ca tch  b u t  do no t  i n c l u d e  da ta  c o l l e c t e d  d u r i n g  
resource surveys c a r r i e d  ou t  by s c i e n t i f i c  o rgan iza t ions .  

To be o f  most value, c a t c h  da ta  should be repo r ted  by species o r  stock 
and-by area and t ime; assoc ia ted  e f f o r t  da ta  should be r e p o r t e d  on t h e  most 
r e f i n e d  bas i s  possible, e.g., t r a w l  hours as opposed t o  number of days absent 
from por t .  

one day t o  several  months. T r i p  da ta  can be repo r ted  on i n d i v i d u a l  sa les  
t r a n s a c t i o n  records  ( a l s o  c a l l e d  weigh-out s l i p s  o r  f i s h  t i c k e t s )  which a re  
f i l l e d  ou t  by t h e  purchasing d e a l e r  i n  coopera t ion  w i t h  t h e  vessel cap ta in .  
A l t e r n a t i v e l y ,  t h e  i n f o r m a t i o n  on t h e  f i s h i n g  t r i p  may be c o l l e c t e d  through 
i n t e r v i e w s  by a p o r t  agent w i t h  a vessel c a p t a i n  a t  t h e  conc lus ion  o f  a t r i p .  
Data c o l l e c t e d  on f i s h  t i c k e t s  i n c l u d e  weight and p r i c e  o f  ca tch  by species, 
and da te  o f  sale;  sometimes area o f  capture, f i s h i n g  e f f o r t ,  and gear t y p e  i s  
a l s o  included. The i n d i v i d u a l  vessel i s  g e n e r a l l y  i d e n t i f i e d  so t h a t  e f f o r t  
can be s tandard ized among vessels. 

Landings da ta  a re  g e n e r a l l y  c o l l e c t e d  on a pe r  t r i p  bas is ,  which l a s t  

Summary 1 andi  ngs da ta  a r e  repo r ted  a t  p e r i o d i c  i n t e r v a l  s ( usual l y  
monthly)  by wholesale dealers.  These r e p o r t s  g i v e  t o t a l  1 andi ngs , value, and 
p r i c e  ranges, b u t  p rov ide  l i t t l e  use fu l  da ta  on f i s h i n g  e f f o r t  o r  l oca t i on .  
Summary land ings  da ta  may be s u f f i c i e n t  f o r  stock assessment when o n l y  t o t a l  
ca tch  i n f o r m a t i o n  i s  r e q u i r e d  and t h e r e  i s  an independent measure o f  f i s h i n g  
e f f o r t .  General ly,  however, more d e t a i l e d  i n f o r m a t i o n  i s  needed. 

Landings da ta  a r e  u s u a l l y  c o l l e c t e d  by census techniques, i.e., 100% 
sampling, b u t  may sometimes be c o l l e c t e d  f o r  a p o r t i o n  o f  t h e  f i s h e r y  on ly ,  
e.g., t h e  commercial f i s h e r y  i n  c o n t r a s t  t o  t h e  r e c r e a t i o n a l  f i s h e r y ,  o r  
commercial land ings  s o l d  t o  l e a d i n g  wholesale dealers.  I n  such cases, 
land ings  da ta  f o r  these p o r t i o n s  o f  t h e  f i s h e r y  a re  used as an index. 
S t a t i s t i c a l  sample design theory ,  t h e r e f o r e ,  needs t o  be developed t o  improve 
t h e  accuracy o f  t h e  es t imates  o f  t o t a l  land ings  and t o  inc rease c o s t  
e f fec t i veness .  Al though i t  would be p o s s i b l e  t h e o r e t i c a l l y  t o  es t ima te  t o t a l  
land ings  based on sampling, u n c e r t a i n t i e s  about t h e  f i s h e r y  un i ve rse  and i t s  
sampling v a r i a b i l i t y  have precluded most at tempts a t  es t imat ion .  

Spec ia l  methods a r e  general l y  r e q u i r e d  t o  es t ima te  r e c r e a t i o n a l  catch. 

pe rm i t  da ta  ga ther ing ;  t he re fo re ,  survey problems a re  o f t e n  d i f f i c u l t .  Creel 
census techniques a r e  a p p l i e d  on a random sampling basis.  Two-stage sampling 
may a l s o  be used, which combines c r e e l  census ( i n t e r c e p t  survey) t o  determine 
ca tch-per -un i t  e f f o r t  and telephone o r  ma i l  surveys t o  es t ima te  t o t a l  e f f o r t .  
The Na t iona l  Recreat iona l  F i s h i n g  Survey i s  designed t o  p rov ide  es t imates  o f  
c a t c h  by species on a b imonth ly  bas is .  Resu l ts  f rom t h e  f i r s t  survey yea r  a re  
now be ing  eval  uated. 

Recreat iona l  ca tch  does n o t  f l o w  th rough a number o f  channels, which would 

F i  shery s t a t i s t i c s  f o r  stock assessment a re  c o l  1 ec ted  by f e d e r a l  and 
s t a t e  governments. The d i v i s i o n  o f  r e s p o n s i b i l i t y  i s  by l o c a l  arrangement. 
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On t h e  west coast, t h e  s t a t e s  o f t e n  c o l l e c t  comprehensive f i s h e r y  s t a t i s t i c s  
w h i l e  t h e  fede ra l  government has a l i m i t e d  r o l e .  
t h e  federal  government operates reg iona l  s t a t i s t i c a l  da ta  c o l l e c t i o n  systems, 
w i t h  i n p u t  f rom t h e  s ta tes .  
have developed through a p a r t n e r s h i p  approach implemented by s p e c i f i c  
s t a t e - f e d e r a l  agreements on c o l l e c t i o n  o f  s t a t i s t i c s .  

On t h e  eas t  and G u l f  coasts, 

I n  some cases, i n t e g r a t e d  da ta  c o l l e c t i o n  systems 

F ishe ry  s t a t i s t i c s  a re  t h e  hear t  o f  f i s h e r y  i n f o r m a t i o n  systems used 
by economists, b i o l o g i s t s ,  and managers. Such systems p rov ide  summary 
i n f o r m a t i o n  t o  economists on t h e  economic s ta tus  o f  f i s h e r i e s ,  s p e c i f i c  da ta  
t o  b i o l o g i s t s  f o r  stock assessment, and da ta  t o  managers f o r  management 
ana lys is .  F o r  example, f i s h e r y  s t a t i s t i c s  o f t e n  i n c l u d e  p r i c e  and product 
f l o w  data, which a r e  o f  l i t t l e  use f o r  stock assessment bu t  a r e  impor tan t  t o  
economists and t o  a n a l y t i c a l  models o f  t o t a l  f i s h e r y  systems. Because o f  a 
need t o  serve many users, f i s h e r y  s t a t i s t i c a l  systems have developed somewhat 
independent ly o f ,  r a t h e r  t h a n  as a r e s u l t  o f ,  t h e  requirements f o r  stock 
assessment. Consequently, b i o l  og i  s t s  have sometimes devel oped i ndependent 
da ta  f i l e s  f o r  ana lys is .  Managers a r e  o f t e n  unable t o  use these d e t a i l e d  
s t a t i s t i c a l  da ta  f i l e s  un less  they  have adequate da ta  management support  t o  
redes ign  e x i s t i n g  opera t i ona l  systems. 

2.1.2. E f f o r t  Sampl i ng 

While f i s h e r y  s t a t i s t i c s  c o l l e c t e d  by f i s h  t i c k e t s  o r  p o r t  agents 
p rov ide  nominal da ta  on e f f o r t  p e r  t r i p ,  more d e t a i l e d  records o f  i n d i v i d u a l  
f i s h i n g  a c t i v i t i e s  a r e  c o l l e c t e d  by i n t e r v i e w s  o r  logbooks. These techniques 
prov ide  d e t a i l e d  records o f  i n d i v i d u a l  f i s h i n g  operat ions,  such as t h e  number 
o f  se ts  o r  hau ls  by gear type, o r  a summary o f  a day 's  f i s h i n g  a c t i v i t i e s .  
Data u s u a l l y  i n c l u d e  es t imated weight o f  ca tch  by haul, date, t ime, and 
l o c a t i o n ,  which, when combined w i t h  da ta  on phys ica l  c h a r a c t e r i s t i c s  o f  t h e  
i n d i v i d u a l  f i s h i n g  vessel, can be used t o  s tandard ize  f i s h i n g  e f f o r t  among 
vessel s t o  o b t a i  n essent i a1 f i s h i  ng mor ta l  i t y  estimates. 

Logbook o r  i n t e r v i e w  da ta  a re  genera l l y  c o l l e c t e d  by s t a t e  agencies on 

The recent  

t h e  west coast' and by fede ra l  p o r t  agents o r  s ta te - fede ra l  programs on t h e  
eas t  and Gulf coasts. Such arrangements r e l y  on t h e  conf idence t h a t  e x i s t s  
between t h e  f isherman and t h e  da ta  c o l l e c t i o n  agent o r  b i o l o g i s t .  
d e c i s i o n  t o  separate such da ta  from enforcement use w i l l  do much t o  improve 
acceptance o f  t h e  data. 

A d i f f e r e n c e  o f  o p i n i o n  e x i s t s  as t o  t h e  d e s i r a b i l i t y  o f  mandatory 
versus v o l u n t a r y  p a r t i c i p a t i o n  i n  logbook and i n t e r v i e w  programs. Advocates 
o f  mandatory programs p o i n t  t o  successful  use by t h e  I n t e r n a t i o n a l  P a c i f i c  
H a l i b u t  Commission (IPHC) and c e r t a i n  s ta tes ,  and t o  t h e  l e g a l  leverage a t  
hand. 
t h a t  w i l l  i n g  p a r t i c i p a t i o n  prov ides  " b e t t e r  data." 

Advocates o f  v o l u n t a r y  programs p o i n t  t o  o t h e r  successes and suggest 
The r e s u l t s ,  however, a r e  

'Except i ons  a r e  t h e  i n t e r n a t i o n a l  arrangements f o r  c o l  1 e c t  i ng 
i n f o r m a t i o n  on h a l i b u t  ( IPHC)  and on y e l l o w f i n  tuna and s k i p j a c k  
( I n t e r n a t i o n a l  Convention f o r  Conservat ion o f  A t  1 a n t i c  Tuna ( ICCAT) ) . 
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the significant factors ,  and they will ultimately be governed by local custom 
and social confidence in the management inst i tut ion.  

I n  addition t o  e f for t  d a t a ,  logbook and interview programs provide 
contacts with the f isher ies  t h a t  yield ancil lary d a t a  on "conditions" of the 
target species, interrelationships among elements of the catch, and estimates 
of such factors as discards a t  sea. 
programs follow. 

Examples of logbook and interview 

Example 1.--Guianas Shrimp Logbook Program 

I n  1972, the Southeast Fisheries Center established a system for  
collecting information on catch and fishing e f for t  for  the Guianas-Brazil 
shrimp fishery as pa r t  of i t s  responsibility under the U.S.- Brazil Agreement. 
The Agreement requires that  vessel skippers keep records of t he i r  fishing 
act ivi ty .  A logbook form was designed a f t e r  consultation with f l e e t  
operators, plant processors, and representatives of the Brazilian f i sher ies  
department (Fig. 1). The form provides a record of information on fishing 
time, area, and catch fo r  each t r ip .  To aid the skipper in describing his 
fishing area, the logbook form includes a chart of the fishing grounds marked 
with grid zone numbers and depths. 
drags made and number of hours fished each day, and separate en t r ies  are made 
for  day and night fishing. Catch i s  given as total  pounds (heads-off weight) 
caught each day,  and the fisherman i s  asked t o  indicate the species and the 
predominant s ize  category. 

Fishing time i s  recorded as number of 

The Agreement requires t h a t  logbook records be kept for  fishing in the 
Area of Agreement off Brazil. The U.S. industry, however, realizing the 
importance of t h i s  information, has taken a far-sighted step by volunteering 
t o  record and submit these data for  the en t i re  area of the fishery. In  
addition t o  the logbook reports, each processing plant reports the s ize  
composition of each vessel 's  landings. 
although NMFS provides the logbook forms and processes and analyzes the 
s t a t i s t i ca l  d a t a ,  the U.S. industry col lects  and submits the information. The 
collection of raw d a t a  i s  the most important p a r t  of any fishery s t a t i s t i c s  
system and represents a significant input of time and e f for t  by industry 
members--the vessel captains and the f l e e t  managers--to provide the basic 
information necessary t o  understand and manage t h i s  fishery. 

I t  i s  important t o  point o u t  t h a t ,  

The information from the logbook reports i s  tabulated and made 
available in summary form. The summary, prepared by computer print-out on a 
monthly or quarterly basis, shows the catch in pounds and the fishing e f for t  
in number of drags made and number of hours fished for  each fishing zone and 
depth range. 
e f fo r t  which will best describe the fluctuations in the stocks. 

This information i s  further used t o  study the unit of fishing 

Example 2.--Shrimp Trip Interview Program 

The shrimp t r i p  interview i s  conducted by Southeast Fisheries Center 
Fi shery Reporti ng Speci a1 i s ts  (FRS) . Each FRS randomly sampl es approximately 
30% of the total  shrimp vessel t r i p s  in his assigned area. Data are collected 
on a f ie ld  work sheet (Fig. 2 )  and include the following: vessel name, date 
of landing, dealer, s ize  and number of shrimp trawls, catch by species, 
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SHRIMP LOG BOOK 

VESSEL NAME 

DEPART FROM 

( O F F I C I A L  WO I 

NET S I Z E _ _ _ _  

C A P T A I N 5  N A V E  

I I I I I I I I I I 1 I I I I 
1 

I I 1 1 I 1 I I 
F igure l . - -bgbook  form used i n  shrimp Eishery i n  S o u t h  Amerlcan waters. 
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' igurc 2. - -F ie ld  w o r k  sheet - shrimp trip interview. 
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grounds and depths f i shed,  e f f o r t  i n  hours by day and n i g h t ,  and c o n d i t i o n  
landed. The FRS a l s o  i n t e r v i e w s  t h e  dea le r  and ob ta ins  t o t a l  ca tch  by species 
and s i z e  ca tegory  f o r  a l l  vessels l a n d i n g  on a g iven day (F ig .  3). An es t imate  
o f  t h e  t o t a l  e f f o r t  can be obtained.by combining a l l  o f  t h i s  in fo rmat ion .  

The t o t a l  ca tch  and t o t a l  e f f o r t  da ta  a re  then u t i l i z e d  i n  p roduc t i on  
models t o  es t ima te  sus ta inab le  y i e l d  f o r  each species, and i n  summary 
t a b u l a t i o n s  f o r  o t h e r  b i o l o g i c a l  and economic studies.  s tud ies .  

2.1.3. Catch Sampling 

assessment, i n c l u d i n g  da ta  on species, sex, s ize ,  and age compos i t ion  o f  
catches, t h a t  a r e  used t o  o b t a i n  growth and m o r t a l i t y  i n f o r m a t i o n  v i t a l  f o r  
f i s h e r i e s  ana lys is .  
obtained. 
vessels o r  by observers aboard f o r e i g n  f i s h i n g  vessels, b u t  e f f o r t s  a r e  be ing  
made t o  i nc rease  onboard sampling o f  t h e  domestic f l e e t  t o  improve i n f o r m a t i o n  
on d i sca rds  a t  sea. Observers a l s o  c o l l e c t  da ta  on t h e  i n c i d e n t a l  cap ture  o f  
marine mammals i n  h igh  seas f i s h e r i e s  f o r  tuna and salmon. 
sampling o f  ca tch  i s  combined w i t h  l o g  o r  i n t e r v i e w  da ta  t o  f u r t h e r  
c h a r a c t e r i z e  i n d i v i d u a l  catches and/or t o  e x t r a p o l a t e  i n d i v i d u a l  ca tch  samples 
t o  t h e  sampled universe. For  these purposes, c a r e f u l  a t t e n t i o n  t o  random 
c o l l e c t i o n  o f  samples and s t a t i s t i c a l  des ign  i s  e s s e n t i a l  t o  pe rm i t  
e x t r a p o l a t i o n  o f  sample da ta  t o  stock parameters. 
sampling program fo l l ows .  

Catch sampling prov ides  c r i t i c a l l y  impor tan t  b i o l o g i c a l  da ta  f o r  stock 

Feeding h a b i t s  and rep roduc t i ve  i n f o r m a t i o n  a r e  a1 so 
Catch samples a re  normal ly  taken by p o r t  samplers f o r  domestic 

F requen t l y  p o r t  

An example o f  a ca tch  

P o r t  sampling o f  domestic catches, as w i t h  f i s h e r i e s  s t a t i s t i c s  and 
e f f o r t  sampling, i s  g e n e r a l l y  conducted by s t a t e  agencies on t h e  west coast 
and th rough fede ra l  arrangements on t h e  east and G u l f  coasts. On bo th  coasts, 
ca tch  sampling da ta  aboard f o r e i g n  vessels a r e  c o l l e c t e d  through t h e  fede ra l  
f o r e i g n  f i s h e r i e s  observer program. Care fu l  s t a t i s t i c a l  des ign  i s  r e q u i r e d  t o  
combine such da ta  f rom var ious  sources. 

Example 3.--Menhaden Catch Sampling 

A pr ime example o f  ca tch  sampling i s  t h a t  conducted by t h e  Southeast 
F i s h e r i e s  Center i n  t h e  G u l f  o f  Mexico and A t l a n t i c  menhaden f i s h e r i e s .  The 
program has been i n  e f f e c t  f o r  over  20 years  and has c o n t r i b u t e d  s i g n i f i c a n t l y  
t o  our b i o l o g i c a l  knowledge o f  menhaden and t o  our a b i l i t y  t o  p rov ide  
management adv ice  on t h e  f i s h e r i e s .  

The sampling program covers t h e  e n t i r e  c o a s t l i n e  f rom Rhode I s l a n d  t o  
Louis iana. 
a r r i v e s  a t  t h e  processing p lan t ,  cove r ing  f i v e  t o  s i x  boats pe r  day, f i v e  days 
a week, f o r  t h e  e n t i r e  season. I t i s  p o s s i b l e  t o  take  such a seemingly small  
sample because o f  t h e  s l i g h t  v a r i a b i l i t y  found among i n d i v i d u a l  f i s h  from a 
g i ven  school. The length ,  weight, and a sca le  sample a re  taken f o r  each f i s h .  
The vessel number and area o f  cap ture  a re  a l s o  noted. The sample data, 
combined w i t h  t h e  l a n d i n g  records o f  t h e  processing p lan ts ,  a r e  used t o  
es t imate  t h e  number o f  f i s h  landed weekly a t  each p lan t ,  and t h i s  i n f o r m a t i o n  
i s  t hen  summed t o  es t ima te  t h e  t o t a l  number harvested f o r  t h e  year. 

The p o r t  samplers t a k e  a t e n - f i s h  sample f rom each boat as i t  

The 
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sample da ta  a r e  a l s o  used t o  c o n s t r u c t  l i f e  t a b l e s  f o r  e s t i m a t i n g  growth and 
mor ta l  i t y  parameters. 

Most o f  t h e  menhaden vessels now c a r r y  logbooks f o r  r e c o r d i n g  e f f o r t  
da ta  as w e l l  as t o t a l  catch. The da ta  ob ta ined by c a t c h  sampling w i l l  
e v e n t u a l l y  be c o r r e l a t e d  w i t h  t h e  logbook e f f o r t  da ta  t o  p rov ide  more v i a b l e  
management advice. 

2.1.4. Tagging Stud ies  

Tagging programs a r e  designed t o  address stock o r i g i n ,  m ig ra t i on ,  
growth, m o r t a l i t y ,  p o p u l a t i o n  s ize,  o r  r a t e  o f  e x p l o i t a t i o n ;  some have 
m u l t i p l e  purposes. These programs tend  t o  be more c l o s e l y  assoc ia ted  w i th  
research programs than  a r e  o t h e r  da ta  c o l l e c t e d  from t h e  f i s h e r y  i t s e l f ,  
a l though tags  a r e  commonly recovered i n  connect ion  w i t h  c a t c h  sampling and 
i n t e r v i e w  programs. Example o f  a tagg ing  program fo l l ows .  

Example 4.--Shrimp and Groundf ish Tagging Program 

An example o f  one approach f o r  a c q u i s i t i o n  o f  stock assessment 
i n f o r m a t i o n  f rom tagg ing  da ta  i s  p rov ided by t h e  shrimp and g round f i sh  program 
o f  t h e  Southeast F i s h e r i e s  Center. 
c a t c h  and e f f o r t  s t a t i s t i c s  c o l l e c t e d  from t h e  commercial f i s h e r i e s ,  t o  
d e l i n e a t e  shrimp s tocks  i n  t h e  G u l f  o f  Mexico, develop a y i e l d - p e r - r e c r u i t  
model, and u l t i m a t e l y  p r e d i c t  b i o l o g i c a l  y i e l d .  Conventional f i s h e r y -  
independent t r a w l i n g  surveys a re  no t  r e l i e d  on e x t e n s i v e l y  t o  s a t i s f y  these 
ob jec t i ves .  
w i t h i n  seasons, months, and perhaps weeks, t h e  shrimp cannot be aged, and t h e  
re1 a t i o n s h i  p between a d u l t  spawning popu la t ions  and rec ru i tmen t  i s  no t  
understood. Past o f f s h o r e  t r a w l i n g  surveys, however, have prov ided va luab le  
i n f o r m a t i o n  on species and s i z e  d i s t r i b u t i o n  p a t t e r n s  and some i n d i c a t i o n s  o f  
t h e  temporal and s p a t i a l  c h a r a c t e r i s t i c s  o f  spawning. A d d i t i o n a l l y ,  e s t u a r i n e  
t r a w l i n g  surveys a re  s t i l l  used by s t a t e  resource managers t o  p rov ide  data f o r  
c o n t r o l l i n g  t h e  opening and c l o s i n g  o f  shrimp f i s h i n g  seasons. 

Tagging da ta  a re  used i n  c o n j u n c t i o n  w i t h  

Because shrimp a r e  s h o r t - l i v e d  and popu la t i on  s i z e  v a r i e s  g r e a t l y  

The tagg ing  program i n v o l v e s  ex tens i ve  coopera t ion  among t h e  S ta tes  o f  
Lou is iana and Texas, u n i v e r s i t i e s ,  Sea Grant, Mexico, and commercial 
f ishermen. I n  1979, f o r  example, over  113,000 shrimp were i n d i v i d u a l l y  tagged 
and re leased i n  16 geograph ica l l y  d i s t i n c t  areas (Fig.  4). Overa l l ,  
approximately 7% o f  t h e  tags  were re tu rned  although, f o r  se lec ted  areas, up t o  
as many as 25% o f  t h e  tags  came back. 
f ishermen who were encouraged t o  p a r t i c i p a t e  i n  t h e  program th rough va r ious  
con tes ts  sponsored by u n i v e r s i t i e s  i n  which cash p r i z e s  were awarded. 

Most o f  t h e  tagg ing  i s  done from NOAA research vessels. A 12.2-meter 
(40 f t . )  standard shrimp t r a w l  i s  used t o  c o l l e c t  shrimp f o r  tagging. 
t i m e  i s  l e s s  than  15 minutes t o  minimize i n j u r y  t o  t h e  animals. 
vessel, t h e  shrimp a re  q u i c k l y  so r ted  from t h e  ca tch  and placed i n  l a r g e  sea 
water  tanks  where they  a r e  h e l d  30 t o  45 minutes t o  i s o l a t e  h e a l t h y  shrimp 
from those i n j u r e d  by t h e  t r a w l .  
f o r  species, sex, and t a i l  l e n g t h  data; a narrow p l a s t i c  r i b b o n  t a g  i s  
i n s e r t e d  th rough t h e i r  t a i l s  w i t h  a needle coated w i t h  a broad sprectrum 

Returns were p r i m a r i l y  f rom commercial 

Tow 
On board t h e  

The shrimp a re  then i n d i v i d u a l l y  examined 
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a n t i b i o t i c ;  t a g  numbers a r e  recorded; and t h e  tagged shrimp a re  placed back 
i n t o  l a r g e  sea water tanks. 
a r e  aga in  examined t o  remove any which appear unhealthy. 
t h e  h e a l t h y  tagged shrimp a re  then  placed i n t o  d isposab le  c a n i s t e r s  f o r  
re lease on t h e  bottom o f  t h e  ocean. The c a n i s t e r s  a re  equipped w i t h  spr ing-  
loaded ends h e l d  i n  p lace  w i t h  a s a l t - b l o c k  t r i g g e r .  The c a n i s t e r s  a re  
dropped over  t h e  s i d e  o f  t h e  vessel t o  f a l l  t o  t h e  bottom, where t h e  ends 
break away a f t e r  10 minutes o f  soaking t o  re lease t h e  shrimp. 

A f t e r  a p e r i o d  o f  3 t o  4 hours, t h e  tagged shrimp 
Se lec ted  numbers o f  

Examples o f  t h e  t y p e  o f  i n f o r m a t i o n  a l ready  gained from t h e  shrimp 
tagg ing  program i n c l u d e  v e r i f i c a t i o n  t h a t  a l l  t h r e e  shal low-water shrimp 
species common from Texas t o  Mexico, i.e., brown (Penaeus aztecus),  w h i t e  (P .  - 
s e t i f e r u s ) ,  and p ink  (P. duorarum) shrimp, a r e  t r a n s b o u n d a ' m .  5 ) ,  and 
t h a t  growth r a t e s  f o r  Eoth  brown and wh i te  shrimp vary  w i t h  season and 
environmental cond i t i ons .  I n f o r m a t i o n  on shrimp movement and m i g r a t i o n  
pa t te rns ,  and on t h e  c o n t r i b u t i o n  o f  s p e c i f i c  e s t u a r i n e  systems t o  t h e  
o f f s h o r e  stocks,  has a l s o  been gained, a long w i t h  p r e l i m i n a r y  es t imates  o f  
seasonal mor ta l  i t y  ra tes .  
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2.2. Information from Fisheries-Independent Surveys 

Marine f i shery resources di spl ay 1 arge temporal and spatial  vari abi 1 i t y  
in  abundance and distribution. Harvest s t a t i s t i c s  are frequently insufficient 
from which t o  develop unbiased estimates of the magnitude of biomass 
fluctuations in time or space for  e i ther  a particular stock or a resource 
complex. Commercial or recreational fishing ac t iv i t i e s  are generally directed 
toward maximizing profit  or pleasure by adapting fishing s t ra tegies  and 
harvest efficiency t o  market conditions, avai labi l i ty  of f i sh ,  and the like. 
Accordingly, catch-effort d a t a  are often inadequate by themselves as a measure 
of abundance for  ,individual stocks, despite adjustments t o  correct for  these 
biases. Mixed f isher ies  exis t  in which landings and e f for t  d a t a  are more a 
reflection of the behavior o f  fishermen (discarding and cull ing of selected 
species or s izes  of f i sh ,  selective fishing, etc.)  t h a n  of selected species or 
stock size. Even fo r  those infrequent stocks for  which fishery s t a t i s t i c s  are 
complete and largely unbiased, these d a t a  provide l i t t l e  or no information on 
pre-recruit abundance and dis t r ibut ion,  growth and maturity ra tes ,  o r  species 
interactions (e.g., food habits) .  

To provide resource information independent from the f i sher ies ,  a number 
of f i e ld  techniques are used. 
t r a p )  surveys, 2 )  visual counting and enumeration of marine mammals and 
fishery resources with aerial  , 1 and-based, and underwater surveys, 3 )  f i sh  egg 
and larva surveys, 4 )  acoustic and other remote sensing techniques, and 5 )  use 
of environmental indicators. A description of these basic methodologies and 
t h e i r  analytical techniques i s  described i n  the sections which follow. 

These include 1) fishing (trawl,  longline, 

2.2.1. Fishing Surveys 

2.2.1.1. Trawl Surveys 

Perhaps the most important stock assessment ac t iv i t i e s  involved with 
f i e ld  surveys are those concerned with direct  trawl surveys of pre-recruits 
and the exploitable portion of f ish populations. 
types of surveys follow. 

Three examples of these 

Example 5.--Bottom Trawl Survey Sampl ing Program 

Beginning in 1963, the predecessor of the Northeast Fisheries Center 
( N E F C )  in i t ia ted  a bottom trawl survey sampling program in the continental 
shelf waters of the northwest Atlantic, designed t o  monitor fluctuations i n  
the structure and s ize  of f i sh  populations independent of commercial fishery 
s t a t i s t i c s ,  and t o  provide a quantitative index for  the f inf ish biomass 
components of the northwest Atlantic ecosystem. The survey program was also 
established t o  f a c i l i t a t e  estimation of f ish production w i t h i n  the continental 
shelf region, and t o  provide basic ecological d a t a  ( g r o w t h  ra tes ,  maturity 
ra tes ,  feeding interrelationships,  etc.)  on a broad geographic scale so t h a t  
causal relationships between the quantity and distribution of f i sh  production 
and changes in environmental and biotic factors might be determined. 

The f i r s t  bottom trawl survey was conducted i n  the a u t u m n  of 1963. 
This and subsequent autumn surveys during 1964-66 sampled the continental 
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shelf from western Nova Scotia t o  Hudson Canyon. 
extended south  t o  Cape Hatteras, North Carolina. 
survey was in i t ia ted  covering the same area as the a u t u m n  survey. 

I n  1967, the survey was 
Beginning in 1968, a spring 

I n  1972 the surveys were expanded; previously the 26-meter (15-fathom) 
contour marked the innermost l imits  of the trawl sampling. To f i l l  t h i s  gap in 
coverage, the Sandy Hook Laboratory in New Jersey began an inshore survey in 
waters of 26 meters (15 fathoms) t o  less  t h a n  9 meters (5-fathom contour). 
The f i r s t  inshore survey in the f a l l  of 1972 extended from Montauk Point, 
New York, t o  Charleston, S o u t h  Carolina. A t  the same time, the Sandy Hook 
Laboratory in i t ia ted  an offshore survey south of Cape Hatteras t o  Cape 
Canaveral, Florida. Coverage south of Cape Hatteras was assumed by South  
Carolina in 1973 with NMFS funding. Since then, semiannual or annual surveys 
have been conducted. One small gap  remained in the coverage, between Cape 
Fear and Cape Hatteras, which has been sampled by routine a u t u m n  and spring 
surveys since the f a l l  of 1978. 

I n  1977 a new time ser ies  of summer inshore surveys began ( l e s s  t h a n  
60 fathoms or 110 m )  in an  e f for t  t o  increase the comprehensive d a t a  base as 
well as t o  obtain more information on species of recreational interest .  
Coverage was carried out  from Cape Hatteras t o  Maine t h a t  year, and in 1978 
the summer survey was continued south t o  Cape Fear. 

Methods--An objective of these survey ef for t s  i s  t o  obtain a s t a t i s t i -  
cally valid sample, which will provide valid estimates of sampling error  
(variance). 
throughout a l l  the possible ecological zones of the survey area i s  also 
required. To sa t i s fy  these s t a t i s t i ca l  and biological considerations, a 
s t r a t i f i ed  random sampling design i s  chosen for the surveys. 

A method t o  assure a f a i r ly  uniform dis t r ibut ion of s ta t ions 

Depth i s  used as the primary boundary determinant because of i t s  known 
relationship t o  f inf ish distribution. Figure 6 depicts offshore and inshore 
s t r a t a  from Cape Hatteras t o  the Nova Scotian shelf. The en t i re  survey area 
from Nova Scotia t o  Cape Canaveral has been s t r a t i f i ed ,  with the major stratum 
boundaries being determined by depth ( l e s s  t h a n  5 ,  5-10, 10-15, 15-30, 30-60, 
60-100, and 100-200 fathoms). 

Stations are selected randomly within each sampling stratum. Each of 
the larger strata i s  divided into areas equivalent t o  5 minutes la t i tude  by 
10 minutes longitude. 
sampling unit. (This means only one trawl haul i s  necessary t o  characterize 
t h a t  unit .)  
which are numbered consecutively. Numbers are drawn from a random table  o r  
generated by computer and the s ta t ions are so selected. Only one s ta t ion in 
each of the 5 x 10-minute areas i s  selected, t o  assure t h a t  the s ta t ions are 
disperse and t h a t  every possible trawling s i t e  within a stratum has an equal 
chance of being selected. 
strata cannot be divided into the 5 x 10-minute rectangles; in t h i s  case, the 
small e r  2-1/2 by 2-mi nute rectangles are used. 

Each of these rectangles i s  considered a homogenous 

Each of these units i s  fur ther  subdivided into 10 sub-units, 

The smaller narrow inshore and deeper offshore 

The number of s ta t ions occupied within a stratum i s  roughly 
proportional t o  i t s  area. 
B a n k ,  and some of the inshore areas w i t h  great potential pollution impact, are 

Certain s t r a t a  i n  pr ior i ty  areas, such as Georges 
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sampled more heavily. 
sampled more heavily because a t  least  two s ta t ions are needed t o  permit 
variance computation. 

Some of the small inshore and offshore s t r a t a  are also 

Approximately 400-450 s ta t ions are occupied in a complete survey 
between Cape Hatteras and  Nova Scotia. 
200 square nautical miles; sampling allocation south of Cape Hatteras i s  abou t  
the same. 

This represents one s ta t ion for  every 

The surveys are conducted so as t o  minimize steaming time and maximize 
Southern areas are  usually completed f i r s t ,  with the ship vessel time. 

general ly working northerly t o  preserve synopticity. 

The order i n  which the s ta t ions are visited depends in large measure 
upon t he i r  relation t o  the shortest cruise track and the overall cruise plan. 
An example of a cruise track for  a p o r t i o n  of the bot tom trawl survey i s  
presented i n  Figure 7. 

There are two standard survey trawls: a #36 Yankee and a #41 Yankee 
The #36 was used on spring and f a l l  offshore surveys t h r o u g h  1972 and  trawl. 

on a l l  f a l l  and summer surveys since then. The #41 has been used on spring 
surveys since 1973. I n i t i a l l y ,  the #36 trawl was adequate t o  provide the 
abundance indices needed f o r  most commercially important species. However, i n  
the l a t e  1960s and early 1970s, the abundance of f ish dropped and a larger 
trawl was needed. The #41 trawl opens t o  5 m ,  a b o u t  2 m higher t h a n  the #36. 
The sweep on bo th  trawls i s  rigged w i t h  rollers.  Ground cables are n o t  used, 
t o  permit fishing over rough bottom. D u r i n g  the inshore surveys conducted by 
the Sandy Hook Laboratory from the f a l l  of 1972 until and including the spring 
of 1975, a 3/4 size #36 trawl rigged w i t h  a chain sweep and ground cables was 
used. All trawls have a 1.25 cm stretched-mesh l iner  in the cod-end and upper 
belly. 

All trawls and o t t e r  doors are tested and measured d u r i n g  special gear 
mensuration cruises before being used on a survey. D u r i n g  these cruises,  each 
trawl i s  towed i n  several directions relat ive t o  the surface current, a t  
several different speeds, and a t  different scope ( r a t i o  of wire o u t  t o  depth). 
During these tows the opening of the trawl i s  monitored acoustically with 
trawl-mounted transducers. Each trawl and set  of doors must operate w i t h i n  
certain specifications before they are used on a survey. 

a temperature profile i s  obtained with an expendable bathythermograph ( X B T )  
system. A surface bucket temperature i s  also taken, a n d  a surface water 
sampl e i s  col 1 ected for  subsequent sal i n i  ty  measurement. I n  i nshore areas, an  
optional bottom sa l in i ty  measurement i s  taken a l o n g  w i t h  oxygen 
determinations, especially during summer months. Observations on weather, sea 
s t a t e ,  and position are also recorded. 

When arriving on a pre-selected s ta t ion,  and before the trawl i s  s e t ,  

A standard trawl h a u l  begins when the predetermined amount of wire i s  
l e t  o u t  and  the winch drums are locked. The haulback process begins 
30 minutes l a t e r .  
2-1 /2 :1  offshore i n  depths greater t h a n  185 meters (100 fathoms). 
i s  towed a t  3.5 knots (over-the-bottom speed). 

The scope varies from 5 : l  i n  the shallow nearshore areas t o  

The tow direction i s  generally 
The trawl 
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toward the next s ta t ion,  although t h i s  i s  n o t  always the case, especially in 
very rough weather or in areas where the bottom i s  steeply graded. 
l a t t e r  conditions, a depth contour i s  followed. 
recorded d u r i n g  each tow. 

Under the 
A fathometer t race i s  also 

The catch i s  dumped onto  a table  and  sorted by species. The sorted 
f i sh  and invertebrates are weighed t o  the nearest kilogram and measured t o  the 
nearest centimeter ( t o  the end of the center caudal f i n  ray of the f i s h ) .  
When large catches are impractical or impossible t o  sor t ,  they are subsanipled 
by weight or volume before sorting. After weighing and measuring has been 
compl eted, sampl e col 1 ections are made. 

Routine collections include scales, o t o l i t h s ,  or other ha rd  parts, for 
age and growth studies, as well as stomachs f o r  food h a b i t  studies. Tissue 
samples are taken for  pathology or contaminant studies. Gonadal conditions 
are noted and ovaries are removed from selected species for  fecundity studies. 

Special sampling requests are numerous--occasionally t o o  numerous t o  
sa t i s fy  d u r i n g  a cruise--but a great deal of e f for t  i s  devoted t o  obtaining 
special samples required by colleagues. Specimens have been collected for  
studies in taxonomy, evolution, and contaminants; f o r  medical and 
physiological experiments; and for  teaching collections. I t  i s  the pol icy t o  
t r y ,  a f t e r  the assessment and inhouse collections have been made, t o  honor a l l  
outside requests. 

col lections have also been made. 
made before a trawl haul, with bongo nets towed obliquely from surface t o  
bottom and back t o  the surface. Frequently d u r i n g  the trawl hauls, a surface 
plankton net will be towed for  neuston collections. 

During many cruises,  t o  bet ter  u t i 1  ize vessel time, ichthyoplankton 
Ichthyopl ank ton  collections are general ly 

For each s ta t ion,  a l l  pertinent d a t a  are recorded on a single,  
two-sided waterproof paper log. 
of a l l  d a t a  obtained a t  a station. I t  i s  also used by automatic d a t a  
processing personnel. After a cruise,  the f i e ld  log i s  coded, and a l l  
required d a t a  are punched onto computer cards direct ly  from the log. Most 
t a l l i e s ,  expansions, and coding were formerly done ashore because conditions 
a t  sea and t he i r  effects  on the sc ien t i s t s  created s i tuat ions where errors 
could be introduced. With jur isdict ion over a n  extended fishery conservation 
zone and the more immediate need for  these d a t a ,  the logs, i f  a t  a l l  possible, 
are  coded a t  sea and ready f o r  keypunching within one or two days fol lowing a 
cruise. 

This log serves as an original written record 

Analytical techniques--The application of NEFC bottom trawl survey 
d a t a  t o  f ish stock assessments has been reviewed by Clark (1979) .  For stocks 
in which biological sampling of the commercial and recreational catch has been 
limited o r  nonexistent, survey d a t a  have provided the only basis for  
determining basic population parameters such as s ize  and age structure,  
geographic and seasonal dis t r ibut ion patterns, growth and mortality ra tes ,  
maturity and fecundity, food habits, yield per recrui t ,  a n d  trends i n  
abundance. 
which a fishery d a t a  base ex is t s ,  thereby p r o v i d i n g  a supplementary and 
independent source of information and evaluation. 

These population character is t ics  are also evaluated f o r  stocks for  



-27- 

Trends in stock abundance are evaluated from survey re la t ive  abundance 
indices calculated i n  terms of s t r a t i f i ed  mean catch per tow in numbers or 
weight; i.e., 

k 

h = l  

where yst = s t r a t i f i ed  mean catch per tow,  

N = t o t a l  area of a l l  s t r a t a  within the se t ,  

N h  

yh 

k = number of s t r a t a  in the set. 

= area of the h th  stratum, 

= mean catch per tow in the hth  stratum, and 

I n  
values i s  
are l o q a r  

cases where the variance of the distribution of catch-per-tow 
much greater t h a n  the mean (non-norma l ) ,  individual tow catch values 
thmical l y  transformed, and s t r a t i f i ed  mean catch-per-tow i s  computed 

with the transformed values. 
s tabi l izat ion of variance a l t h o u g h  the resulting distribution may not  
necessarily be normal. 

The validity of survey mean catch per tow as an index of abundance has 
been demonstrated b o t h  on a stock basis and for  the total  f ishable biomass as 
a whole (Clark and Brown 1977) .  
commercial d a t a  are available ( i  .e., Georges B a n k  haddock,  Georges Bank  s i lver  
hake, and  Atlantic mackerel), trends in the time-series of survey abundance 
indices tend t o  parallel trends in stock s ize  estimates derived from virtual 

This transformation generally resul ts  in 

For individual stocks for  which adequate 

population analysis ( V P A )  based on catch-at-age d a t a  ( C 1  ark 1979).  
length-frequency d a t a  a l s o  tend t o  conform closely t o  those obtained from 
commercial catch samples when allowance i s  made for  gear select ivi ty  
differences. Correspondence between survey and fishery d a t a  implies t h a t  
survey d a t a  should be useful on a real-time basis for  estimating stock 
parameters n o t  at tainable from fishery d a t a .  

Survey 

C l a r k  (1979)  reviewed the use of survey d a t a  in estimating recruit  
year-cl ass strength, stock abundance and t o t a l  biomass 1 evel s ,  catch 1 evel s 
corresponding t o  specified levels o f  fishing mortality, and fishing mortality 
in the most recent year of the fishery. 
empirical relationships between VPA resul ts  (year-class s ize ,  to ta l  stock 
s ize ,  fishing mortali ty),  and  survey values (catch-per-tow a t  age, t o t a l  mean 
catch-per-tow values) are derived from a time ser ies  of observations and used 
w i t h  the most recent survey index for  estimating current or future conditions 
of the parameter in question. 
are not  available o r  suff ic ient  f o r  VPA,  survey indices have been used i n  
evaluating relat ive stock s ize  and/or future catch t h r o u g h :  1) analyses of 

I n  most of these applications, 

For  stocks i n  which fishery catch-at-age d a t a  

.,.... 
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h i s t o r i c a l  t rends  between f i s h e r y  ca tch  and concomitant survey values, e.g., 
G u l f  o f  Maine cod; 2 )  analyses o f  comniercial ca tch  pe r  e f f o r t  and t o t a l  and 
p r e - r e c r u i t  survey ind ices ,  e.g., Georges Bank y e l l o w t a i l  f lounder ,  G u l f  o f  
Maine r e d f i s h ;  and 3 )  a rea l  expansion o f  survey i n d i c e s  t o  o b t a i n  a minimum 
popu la t i on  biomass est imate,  e.g., L o l i g o  and I l l e x  squid. 

Example 6.--Eastern Ber ing  Sea Crab-Groundfish Surveys 

The Northwest and Alaska F i s h e r i e s  Center survey o f  t h e  southeastern 
Ber ing  Sea has been planned t o  assess t h e  c rab  stocks, w i t h  m o d i f i c a t i o n s  t o  
i n c l u d e  assessment o f  groundf ish.  Fo r  t h e  species o f  commercial crabs ( r e d  
and b l u e  k i n g  crab, Pa ra l i t hodes  camtschat ica and P. l a t  us, r e s p e c t i v e l y ,  
and t h e  snow (Tanner) crabs, Chionoecetes b a i r d i  anaC. + o p i l i o  , t h e  survey 
prov ides  es t imates  o f  p o p u l a t i o n  s i z e  and d i s t r i b u t i o n  by s i z e  and sex. 
A d d i t i o n a l  i n f o r m a t i o n  i s  gathered on s h e l l ,  age, and egg cond i t i ons .  
Within-season d e n s i t y  d i s t r i b u t i o n  i n f o r m a t i o n  on l e g a l  crabs i s  t r a n s m i t t e d  
t o  U.S. f ishermen t o  a i d  them i n  l o c a t i n g  p roduc t i ve  areas. As an ad junc t  t o  
t h e  survey, t a g g i n g  s tud ies  a r e  conducted p e r i o d i c a l l y  t o  a r r i v e  a t  es t imates  
o f  growth, m o r t a l i t y ,  e x p l o i t a t i o n  r a t e ,  and movements. Survey and tagg ing  
r e s u l t s ,  p l u s  i n f o r m a t i o n  f rom t h e  f i s h e r i e s ,  p rov ide  t h e  bas i c  da ta  f o r  
ana lys i s  o f  stock cond i t i on .  

For  t h e  p r i n c i p a l  g round f i sh  species, t h e  survey prov ides  es t imates  o f  
apparent abundance, d e n s i t y  d i s t r i b u t i o n ,  s ize,  sex, and age composit ion. 
Annual t rends  i n  survey abundance i n d i c e s  ( t o t a l  popu la t i on  by s i z e  and age 
groups) a re  compared w i t h  f o r e i g n  f i s h e r i e s  i n f o r m a t i o n  f o r  e v a l u a t i n g  stock 
cond i t i ons .  
essent i  a1 component o f  t h e  Ber ing  Sea ecosystem model (DYNUMES) devel oped by 
Laevastu e t  a l .  (1979) .  

The survey i n f o r m a t i o n  i s  added t o  t h e  da ta  base, which forms an 

Methods--The boundaries o f  t h e  survey encompass t h e  main d i s t r i b u t i o n  
and f i s h e r i e s  f o r  t h e  p r i n c i p a l  c rab  species. 
t ime  o f  t h e  yea r  (May-August) t h a t  f o l l o w s  t h e  s p r i n g  m o l t i n g  and mating, and 
when popu la t i on  movements o f  crabs a r e  slowed. 
p e r i o d  a l s o  co inc ides  w i t h  a f a v o r a b l e  t i m e  f o r  assessment, when ba thymet r ic  
movements o f  several  o f  t h e  f l a t f i s h  species on to  t h e  s h e l f  and i n t o  t h e  
survey area have been completed. Al though t h e r e  i s  a depth s h i f t  t o  sha l lower  
waters by a d u l t  wa l leye  po l l ock ,  P a c i f i c  cod, and t h e  l a r g e r  t u r b o t s ,  t h e  
survey o n l y  covers a modest p o r t i o n  o f  t h e  geographical and ba thymet r ic  ranges 
f o r  these species. It does cover t h e  main d i s t r i b u t i o n  o f  c rab  and s o l e  
j u v e n i l e s  and a r e p r e s e n t a t i v e  p o r t i o n  o f  t h e  d i s t r i b u t i o n  o f  po l l ock ,  
Greenland Turbot, and ar rowtooth  f l ounder  j u v e n i l e s .  
and t i m e  o f  year, t h e  survey appears t o  be opt imal f o r  survey ing  commercial 
crabs and soles. 

Survey p e r i o d  i s  scheduled a t  a 

For  groundf ish,  t h e  survey 

Thus, i n  terms o f  area 

T r a w l  s t a t i o n s  a r e  l a i d  ou t  on a systemat ic g r i d  (Fig.  8 ) ,  w i t h  each 
s t a t i o n  l oca ted  a t  t h e  c e n t e r  o f  a 20 x 20-mi le square. A t  each s t a t i o n ,  a 
standardized method o f  sampling takes  place. A commercial-type bottom t r a w l  
w i t h  a weighted foo t rope  f o r  m a i n t a i n i n g  contac t  w i t h  t h e  sea bottom i s  used. 
From scuba d i v e r  observa t ions  and acous t i c  mensuration, t h e  t r a w l  has been 
observed t o  sweep, on t h e  average, a bottom w i d t h  o f  40 f e e t  w i t h  a v e r t i c a l  
opening o f  4-6 fee t .  
small  animals. Trawl accessor ies (number and s i z e  o f  f l o a t s ,  door  t y p e  and 

A smal l  mesh cod-end l i n e r  i s  used f o r  r e t e n t i o n  of 
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s ize ,  dandy l i n e s ,  etc.)  a re  kept  t h e  same f o r  each survey, and t h e  same 
research vessel ,  t h e  NOAA research vessel Oregon, i s  used. When another  o r  
o t h e r  vessels a s s i s t  t h e  Ore on i n  t h e  survey, t r a w l i n g  t r i a l s  a re  conducted 
between t h e  vessels t o  es ta  - d k h  r e l a t i v e  f i s h i n g  power. Catches o f  a s s i s t i n g  
vessels a re  converted t o  s tandard (Oregon) un i t s .  

nearshore nav iga t i ona l  a id.  The t r a w l  i s  se t  so t h a t  t h e  in tended s t a t i o n  
p o s i t i o n  i s  passed midway through t h e  tow. 
30 minutes, w i t h  t h e  beginning o f  t h e  tow t imed when t h e  t r a w l  i s  est imated t o  
have reached t h e  sea bottom. 
t i m e  o f  t h e  t r a w l  has been est imated from t r a w l  performance stud ies.  A f t e r  
30 minutes, t h e  end o f  t h e  tow i s  marked by t h e  s t a r t i n g  o f  t h e  t r a w l  winches. 
The Loran-C readings a re  recorded a t  t h e  s t a r t  and end o f  each tow, and t h e  
s t r a i g h t  l i n e  d i s tance  between these p o i n t s  i s  computed f o r  an es t imate  o f  t h e  
ac tua l  d i s tance  t raw led  a long t h e  sea bottom. The re fe rence vessel Oregon 
t r a w l s ,  on t h e  average, a d i s tance  o f  one n a u t i c a l  m i l e  i n  30 minutes. 

S t a t i o n  p o s i t i o n  i s  l oca ted  by means o f  Loran-C, w i t h  radar  used as a 

Dura t i on  o f  t r a w l i n g  i s  

The r e l a t i o n  between bottom depth and s e t t l i n g  

Dur ing each tow, t h e  echo sounder ob ta ins  a cont inuous record  o f  
bot tom depth and o f  f i s h  s igns t h a t  may be present  i n  t h e  water column. 
depth soundings, an average bottom depth i s  computed f o r  each s t a t i o n .  The 
i n t e n s i t y ,  ex ten t ,  and depth o r i e n t a t i o n  o f  f i s h  s igns a re  r e l a t e d  t o  f i s h  
catches. A t  each s t a t i o n ,  environmental  data i n  t h e  form o f  sur face  and 
bottom temperature, depth-temperature p r o f i l e ,  and ex ten t  o f  c loud  cover  a re  
co l l ec ted .  
expendable bathythermograph cast.  

From 

Water temperatures a re  measured by bucket thermometer and 

I n  t h e  hand l ing  o f  t h e  ca tch  a t  each s t a t i o n ,  t h e  t o t a l  ca tch  i s  
weighed by means o f  a dynamometer. I f  t h e  t o t a l  ca tch  i s  l e s s  than  1,200 kg, 
t h e  e n t i r e  ca tch  i s  so r ted  and subsampled f o r  b i o l o g i c a l  in fo rmat ion .  I f  t h e  
ca tch  exceeds 1,200 kg, t h e  crabs a re  removed and a r e p r e s e n t a t i v e  p o r t i o n  o f  
t h e  f i s h  ca tch  i s  removed, by methods presented by Hughes (1976), be fo re  
s o r t  i ng and subsampl i ng. 

Most animals i n  t h e  t r a w l  samples are  i d e n t i f i e d  by species, a l though 
those t h a t  a re  d i f f i c u l t  t o  i d e n t i f y  r e l i a b l y  a re  grouped by genus o r  combined 
w i t h i n  a h ighe r  taxonomic l e v e l .  Catch weights f o r  a l l  taxa  a re  determined by 
weighing baskets o f  so r ted  animals t o  t h e  nearest  0.5 kg  on a 141-kg capac i t y  
p l a t f o r m  scale. 
expanding t h e  number determined from a weighed subsample. 

Numbers o f  i n d i v i d u a l s  a re  determined by d i r e c t  count o r  by 

A f t e r  weighing and count ing,  t h e  catches o f  species o f  p r i n c i p a l  
i n t e r e s t  a re  f u r t h e r  processed f o r  length- f requency and i n d i v i d u a l  specimen 
data, e.g., length-weight  frequency, age s t ruc tu res ,  f ecund i t y .  

Aboard ship, p e r t i n e n t  s t a t i o n  and ca tch  data a re  p laced on magnetic 
tape by means o f  a data l ogger  which i s  programmed t o  format data, make range 
checks, and insu re  completeness; l a t e r  a t  shoreside f a c i l i t i e s ,  t h e  taped 
i n f o r m a t i o n  i s  t r a n s f e r r e d  t o  computer media. 

A n a l y t i c a l  techniques--When t h e  survey data have been p laced on 
computer d i s k  f i l e s ,  t hey  a re  e d i t e d  by a s e r i e s  o f  computer programs t o  
de tec t  e r r o r s  and incons is tenc ies .  
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Age m a t e r i a l  c o l l e c t e d  d u r i n g  t h e  survey i s  read by t h e  Center 's  Age 
Reading Un i t .  Fo r  those species i n  which aging methods have been va l i da ted ,  
age s t r u c t u r e s  a r e  read i n  a p roduc t i on  mode w i t h  r e l i a b i l i t y  checks o f  t h e  
readers. 

When t h e  survey data, i n c l u d i n g  age determinat ions,  have been checked 
f o r  t h e i r  accuracy, t h e  da ta  a re  ready f o r  a n a l y s i s  and f o r  t h e  genera t ion  o f  
t h e  f o l l  owing standard outputs:  

1 )  abundance i n d i c e s  f o r  t h e  p r i n c i p a l  g roundf ish  and c rab  species and 
f o r  species groups. These i n d i c e s  a re  expressed i n  weight and/or 
number caught pe r  u n i t  d i s tance  f ished. They a re  computed by 
s t a t i o n  and s t ra tum f o r  t h e  t o t a l  survey area and se lec ted  s i z e  and 
age groupings. 

2 )  es t imates  o f  age and s i z e  composi t ion o f  t h e  a v a i l a b l e  popu la t i on  
by s t ra tum and f o r  t h e  t o t a l  survey area; 

3 )  es t imates  o f  apparent biomass and popu la t i on  s i z e  by s t ra tum and 
f o r  t h e  t o t a l  survey area; 

4 )  leng th-we igh t  re1  a t i onsh ips ;  

5 )  growth r a t e  parameters; 

6 )  species composi t ion o f  t h e  ca tch  by s t a t i o n ;  

7 )  r e l a t i v e  rank ing  o f  t h e  species i n  terms o f  weight and numbers 
caught and presented by s t r a t a ,  depth zones, and t o t a l  survey area; 

8 )  computer-generated p l o t s  showing (a )  t h e  l o c a t i o n s  o f  t h e  s t a t i o n s ,  
( b )  t h e  geographical  d i s t r i b u t i o n  o f  ca tch  r a t e s  o f  t h e  p r i n c i p a l  
species by s i z e  and age groupings, ( c )  d i s t r i b u t i o n  o f  su r face  and 
bottom temperatures i n  t h e  survey area, (d )  leng th-we igh t  
regressions, ( e )  l e n g t h  and age frequencies, and ( f )  growth r a t e  
curves. 

Other est imates, such as m o r t a l i t y  and s u r v i v a l  ra tes ,  popu la t i on  
composi t ion i n  terms o f  stage o f  m a t u r i t y ,  and species assemblages, can be 
generated from t h e  survey data. 

Variances and conf idence i n t e r v a l s  o f  abundance i n d i c e s  and popu la t i on  
es t imates  f o r  t h e  p r i n c i p a l  species a re  computed based on s t r a t i f i e d  sampling 
t h e o r y  (Cochran 1962). 
a n a l y s i s  d i f f e r s  from t h a t  f o r  snow crab  da ta  ana lys is .  
s t r a t i f i c a t i o n  i s  based on h i s t o r i c a l  and c u r r e n t  i n f o r m a t i o n  on d e n s i t y  
d i s t r i b u t i o n .  There i s  no s t r a t i f i c a t i o n  o f  t h e  annual survey area f o r  
g roundf ish ;  p e r i o d i c a l l y ,  however, when t h e  annual survey area i s  expanded t o  
i n c l u d e  areas n o r t h  o f  t h e  survey area, and i n  deeper than usual water f o r  
sampling, a s t r a t i f i e d  scheme (F ig .  8)  i s  fo l lowed, based upon d e n s i t y  and 
commercial ca tch  d i s t r i b u t i o n  p a t t e r n s  o f  t h e  p r i n c i p a l  g roundf ish  species 
(po l  1 ock, ye1 1 o w f i n  sol e). 

S t r a t i f i c a t i o n  o f  t h e  survey area f o r  k i n g  c rab  da ta  
For  bo th  species, 
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A l l  popu la t i on  es t imates  a r e  prov ided i n  terms o f  sex and sexes 
combined. A t  t imes, i n f o r m a t i o n  i s  provided on fecund i t y ,  species 
composi t ion,  predator-prey r e l a t i o n s ,  and o t h e r  aspects o f  t h e  dynamics and 
ecology o f  t h e  p o p u l a t i o n  surveyed. 
d i s t r i b u t i o n  f o r  t h e  survey area i s  a l s o  prov ided on a r o u t i n e  basis.  

Surface and bottom temperature 

S ince  no r e l i a b l e  es t ima te  o f  t h e  c a t c h a b i l i t y  c o e f f i c i e n t  i s  
a v a i l a b l e  ( r a t i o  between t h e  number o f  f i s h  i n  t h e  pa th  o f  t h e  t r a w l  and t h e  
number a c t u a l l y  caught) ,  es t imates  o f  biomass and popu la t i on  s i z e  a r e  i n  terms 
o f  t h e  popu la t i on  a v a i l a b l e  and t h e r e f o r e  vu lne rab le  t o  t h e  sampling gear. 
Thus, f o r  several  o f  t h e  species surveyed, p a r t i c u l a r l y  semi-demersal forms 
and species whose d i s t r i b u t i o n  extends beyond t h e  survey area, es t imates  o f  
biomass and popu la t i on  s i z e  a re  expressed as apparent, and abundance i n d i c e s  
o f  these popu la t i on  a re  p r o p e r l y  q u a l i f i e d .  

For  some impor tan t  commercial stocks, such as k i n g  crab, y e l l o w f i n  

Both t h e  a d u l t s  and 
sole, and o t h e r  s o l e  species, a c a t c h a b i l i t y  c o e f f i c i e n t  o f  1.0 i s  assumed f o r  
those s i z e s  o f  animals f u l l y  r e c r u i t e d  t o  t h e  t r a w l .  
j u v e n i l e s  o f  these species appear t o  be con f ined  t o  t h e  survey area and l i v e  
near o r  on t h e  sea bottom. Thus, f o r  k i n g  crab, an es t ima te  of abso lu te  
abundance o f  t h e  j u v e n i l e s  and a d u l t s  i s  p r o v i  ed each year. These es t imates  
a re  f u r t h e r  broken down by s i z e  and sex groups . 
abundance o f  y e l l o w f i n  s o l e  f o r  animals ages s i x  and o l d e r  i s  a l s o  prov ided on 
a annual bas i  s. 

9 An es t imate  o f  abso lu te  

Al though young ages o f  many o f  t h e  popu la t i ons  a r e  no t  f u l l y  r e c r u i t e d  
t o  t h e  gear, abundance i n d i c e s  o f  these young ages o r  p r e - r e c r u i t s  a re  given. 
For  some populat ions,  i n d i c e s  may be g iven f o r  t h e  young ages b u t  no t  t h e  
o l d e r  ages because o f  t h e  l a t t e r ' s  poor rep resen ta t i on  i n  t h e  survey area. 

Example 7.--Northern G u l f  o f  Mexico Groundf ish Bottom Trawl Survey 

The Southeast F i s h e r i e s  Center i n i t i a t e d  a bottom t r a w l  survey i n  1972 
i n  t h e  G u l f  o f  Mexico t o  mon i to r  t rends  i n  groundf ish biomass. The survey was 
i n  d i r e c t  response t o  requests from groundf ish f ishermen and processors f o r  
b e t t e r  i n f o r m a t i o n  concerning t h e  s t a t u s  o f  these stocks. 
independent assessment was t h e  o n l y  p r a c t i c a l  way t o  p rov ide  t h i s  i n f o r m a t i o n  
as o n l y  a r e l a t i v e l y  small  and apparent ly  v a r i a b l e  p o r t i o n  o f  t h e  g round f i sh  
ca tch  was ever  recorded through f ishery-dependent methods. The 1 arges t  s i n g l e  
ha rves te r  o f  g round f i sh  i s  t h e  shrimp f i s h e r y ,  w i t h  o n l y  about 20% o f  t h e  
harves t  be ing  taken by d i r e c t e d  f i s h e r i e s .  
taken by t h e  shrimp f l e e t  i s  d iscarded and never appears on any o f  t h e  f i s h i n g  
records. 

A f i s h e r y -  

The m a j o r i t y  o f  t h e  g round f i sh  

Approximately 170 species o f  f i s h  occur i n  t h e  bottom t r a w l  ca tch  o f  
t h e  d i r e c t e d  g round f i sh  f i s h e r y  o r  as d i sca rds  f rom t h e  shrimp f i s h e r y  
(Roithmayr 1965). Only s i x  species, however, a r e  o f  s i g n i f i c a n c e  i n  t h e  

'Estimates a re  made o f  t h e  number o f  l e g a l  s i z e  crabs (males g r e a t e r  
than a s p e c i f i e d  s i z e )  and t h e  number o f  males t h a t  w i l l  be r e c r u i t i n g  
t o  t h e  f i s h e r y  t h e  f o l l o w i n g  year.  
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f isher ies ,  w i t h  Atlantic croaker (Micropogon undulatus , spot (Leiostomus 
xanthurus) ,  and seatrouts (Cynoscion arenarius d n o t h u s )  a n  - comprising the 
bulk o f  the catches. 

I n i t i a l l y ,  trawl surveys were conducted seasonal ly t o  establish 
seasonal trends i n  biomass, species composition, dis t r ibut ion patterns, and t o  
collect  d a t a  for  developing biological profiles of dominant species. After 
several years, however, the surveys were reduced i n  frequency i n  order t o  
concentrate on periods of maximum and m i n i m u m  abundance t o  o b t a i n  information 
fo r  estimates of stock mortalities. Monitoring act ivi ty  was maintained. 

A major problem w i t h  groundfish surveys i s  t h a t  they d o  not encompass 
inshore waters where significant proportions of the groundfish stocks occur 
d u r i n g  a l l  seasons. 
of the primary survey vessel, Oregon 11. Several inshore surveys, however, 
were conducted from 1974 t o  1976 w i t h ?  shal low d r a f t  vessel, George - M. 
Bowers. 

Methods--Selection of the in i t i a l  survey area was predicated on 
h i s t o r i c m o r a t o r y  f i s h i n g  d a t a ,  d a t a  from the directed groundf ish  f l e e t ,  
and informat ion  from selected commercial fishermen. I t  was l a t e r  expanded t o  
extend beyond the t r a d i t i o n a l  f i s h i n g  grounds t o  ensure t h a t  unforeseen shifts 
i n  population densit ies would not  invalidate the surveys. Currently, the 
survey area i s  divided i n t o  one primary and two secondary areas ( F i g .  9 ) .  The 
primary area includes most of the principal groundfish f i s h i n g  areas and i s  
characterized by relat ively h i g h  and homogeneously distributed standing stocks 
of  groundfish. Densities of groundfish decrease rapidly i n  the secondary 
areas, w i t h  concurrent increases i n  distributional var iabi l i t ies .  

The survey design essentially i s  completely random w i t h  some 
s t r a t i f i ca t ion  imposed as a resul t  of available vessel days. Coverage of the 
primary area is  emphasized, w i t h  less  attention given t o  the two secondary 
areas. The western secondary area, however, generally does receive more 
coverage t h a n  the eastern area due t o  higher standing stocks and more 
commercial f i s h i n g  act ivi ty .  The three areas are divided into 10-minute 
blocks of l a t i tude  and longitude which i n  turn are divided i n t o  sixteen 
2 1/2-minute sampl ing  areas. As a function of available vessel days, a 
selected number of 10-minute blocks i s  randomly picked, w i t h  rep1 acement, from 
each of the three areas, and then one sample area is  randomly selected, 
w i t h o u t  replacement, from the 10-blocks. A computerized cruise op t imiza t ion  
routine i s  used t o  both select  the blocks and sample areas and t o  define the 

This lack of inshore coverage i s  due t o  depth l i m i t a t i o n s  

shortest possible cruise track t o  a l l  of the sampling areas (Leming and Holley 
1978). 

Upon a r r iva l  a t  a sampling area, an  XBT cast  i s  made, a l o n g  w i t h  a 
surface bucket sample f o r  temperature and sal i n i t y  measurements. 
possible, secchi disk and water color measurements are also obtained. Three 
10-minute tows generally are made i n  each sample area w i t h  a standard 12.2-m. 
(40-f t . )  semi-balloon shrimp trawl rigged w i t h  a loop  chain and rol lers .  
Trawl mesh i s  5.1-cm (2 - in . )  s t re tch t h r o u g h o u t  w i t h  4.4-cm. (1.7-in.)  s t re tch 
mesh i n  the cod-end. A t i c k l e r  chain i s  used between the trawl doors. The 
sampl ing  trawl is fished of f  the port outrigger w i t h  a 30-fm bridle attached 

When 
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t o  t h e  towing  wire. 
p r i o r , t o  each c ru ise .  Normal tow ing  speed i s  3 knots. 

The sampling t r a w l s  a re  mensurated p e r i o d i c a l l y ,  b u t  no t  

The t h r e e  sho r t  tows were se lec ted  i ns tead  o f  a s i n g l e  30-minute tow 
i n  o rde r  t o  p rov ide  da ta  f o r  i n v e s t i g a t i n g  small  sca le  d i s t r i b u t i o n a l  p a t t e r n s  
o f  t h e  ben th i c  organisms. Genera l l y  500 t o  700 tows rep resen t ing  200 t o  250 
sampling areas a re  made pe r  c ru ise .  
one sample ( t h r e e  tows) f o r  every 40 square n a u t i c a l  m i l e s  i n  t h e  pr imary  
survey area, w i t h  l e s s  coverage i n  t h e  secondary areas. 

Th is  sampling i n t e n s i t y  equates t o  about 

Once a t r a w l  tow i s  completed, t h e  e n t i r e  ca tch  i s  dumped on t h e  deck 
and weighed. Depending on t o t a l  weight, t h e  ca tch  i s  e i t h e r  examined i n  i t s  
e n t i r e t y  o r  a r e p r e s e n t a t i v e  subsample i s  taken f o r  processing. A l l  species 
are  i d e n t i f i e d ,  weighed, and measured f o r  computations o f  species composit ion; 
sca les  and o t h e r  hard p a r t s  a re  s tud ied  f o r  age est imates;  sex and ma tu ra t i on  
o f  i n d i v i d u a l s  a re  determined, and stomach conten t  a re  analyzed. Selected 
specimens and measurements a re  a l s o  c o l l e c t e d  t o  s a t i s f y  reques ts  f rom o t h e r  
i n v e s t i g a t o r s .  

A l l  da ta  a re  logged on to  s t a t i o n  da ta  sheets. The format o f  these 
sheets a l l ows  recorded da ta  t o  be key-punched d i r e c t l y  on to  computer cards f o r  
processing. Var ious e d i t  r o u t i n e s  a re  used t o  e d i t  t h e  data, a l though manual 
e d i t i n g  i s  s t i l l  used ex tens i ve l y .  A l l  key-punching and computer processing 
occur a f t e r  t h e  vessel has re tu rned  t o  po r t .  

A n a l y t i c a l  Techniques--As soon as a l l  da ta  from a p a r t i c u l a r  survey 
have been e d i t e d  and a re  a v a i l a b l e  i n  a computer-compatible format, computer- 
generated p l o t s  showing s t a t i o n  l o c a t i o n s  and ca tch  r a t e s  a re  developed f o r  
d i s t r i b u t i o n  t o  t h e  g round f i sh  i n d u s t r y  (Fig.  10). These p l o t s  g e n e r a l l y  a r e  
o n l y  f o r  t o t a l  f i n f i s h ,  a l though species p l o t s  a re  a l s o  generated p e r i o d i c a l l y  
t o  s a t i s f y  s p e c i f i c  needs. 

Attempts were made i n i t i a l l y  t o  inc rease t h e  p r e c i s i o n  o f  t h e  biomass 
est imates d e r i v e d  from t h e  survey data, based on s t r a t i f i e d  sampling theo ry  
w i t h  t h e  s t r a t a  se lec ted  accord ing  t o  depth (Juh l  e t  a l .  1975). Depth, 
however, proved t o  be an i n a p p r o p r i a t e  parameter f o r  s t r a t i f i c a t i o n .  More 
recen t  at tempts a r e  concen t ra t i ng  on h i s t o r i c a l  abundance ind ices ,  coupled 
w i t h  bottom type, t o  s t r a t i f y  t h e  da ta  t o  achieve a h ighe r  l e v e l  o f  p rec i s ion .  
Most a v a i l a b l e  biomass es t imates  a re  based on a n a l y t i c a l  t rea tments  w i t h  
assumed random samples f rom a normal ly  d i s t r i b u t e d  populat ion.  
l e v e l s  a t  95% conf idence thus  o f t e n  range as h i g h  as 100% o f  t h e  est imate.  

P r e c i s i o n  

Improvements a r e  needed i n  t h e  a n a l y t i c a l  approaches used t o  es t imate  
numbers and biomass o f  t h e  g round f i sh  s tocks  i n  t h e  no r the rn  G u l f  o f  Mexico. 
These improvements have been hindered i n  t h e  pas t  due t o  inadequate computer 
c a p a b i l i t i e s ,  a problem which i s  now beg inn ing  t o  disappear. A number o f  
problems e x i s t ,  however, which a re  no t  disappearing. These i n v o l v e  those 
assumptions common t o  most bottom t r a w l  surveys which have t h e i r  g rea tes t  
impact on t h e  accuracy o f  t h e  survey samples. 
c a t c h a b i l i t y  c o e f f i c i e n t  o f  1.0 f o r  a l l  species under a l l  c o n d i t i o n s  and an 
assumption t h a t  a l l  s tandard t r a w l s  f i s h  t h e  same under a l l  cond i t i ons .  These 
assumptions a re  known t o  be i n v a l i d .  

Examples i n c l u d e  an assumed 
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Figuse 1C.--Example computer plot of finfish biomass (pounds per hour with 
standard trawl) f o r  area west of Mississippi River  d e l t a .  
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2.2.1.2. Long l i ne  and Trap Surveys 

A number o f  impor tan t  f i s h  s tocks  a r e  no t  a v a i l a b l e  t o  t r a d i t i o n a l  
forms o f  f ishery- independent surveys. 
t h e  purview o f  t h e  Un i ted  S ta tes  b u t  a r e  e s p e c i a l l y  p reva len t  i n  waters 
surveyed by t h e  Southeast F i s h e r i e s  Center. 
techn iques  a r e  used, a l though none i s  p a r t i c u l a r l y  q u a n t i t a t i v e  and a l l  have 
s i g n i f i c a n t  i nhe ren t  biases. 
f i shes  which i n c l u d e  no t  o n l y  t h e  h i g h l y - p u b l i c i z e d  c o l o r f u l  species o f  t h e  
t r u e  c o r a l  r e e f s  i n  south F l o r i d a  and t h e  Caribbean bu t  a l s o  l a r g e  and 
va luab le  s tocks  o f  snappers, groupers, grunts,  and porgies. These species 
occupy rocky  h a b i t a t  on t h e  o u t e r  South A t l a n t i c  s h e l f  as f a r  n o r t h  as Cape 
Hat te ras ,  and f i s h i n g  banks and l i v e  bottom areas i n  t h e  G u l f  o f  Mexico. Reef 
f i s h  communities a re  almost always assoc ia ted  w i t h  hard subs t ra te  and h i g h  
r e l i e f ;  thus,  t r a w l  surveys a r e  g e n e r a l l y  precluded. I n  those few areas l e v e l  
enough f o r  t r a w l i n g ,  t r a w l s  a r e  s t i l l  no t  a p r e f e r r e d  survey techn ique as t h e  
heavy gear may damage h a b i t a t .  Survey schemes based on e x i s t i n g  acous t i ca l  
systems a l s o  a r e  no t  app rop r ia te  because o f  t h e  o f t e n  i n t i m a t e  a s s o c i a t i o n  o f  
r e e f  f i s h e s  w i t h  t h e i r  subs t ra te ,  which makes i t  d i f f i c u l t  i f  no t  imposs ib le  
t o  d i s t i n g u i s h  t h e  f i s h  f rom s u b s t r a t e  i n  acous t i c  records. I ch thyop lank ton  
surveys a l s o  a re  no t  very  e f f e c t i v e  because, even w i t h  f a i r l y  i n t e n s i v e  
sampling e f f o r t s ,  very  few eggs and l a r v a e  from r e e f  f i s h  a r e  ever  taken. 
Apparent ly  t h e  t y p i c a l l y  t r o p i c a l  p a t t e r n  o f  nonsynchronous and p r o t r a c t e d  
spawning precludes t h e  ex i s tence  o f  s u f f i c i e n t  d e n s i t i e s  o f  i ch thyop lank ton  
f o r  stock assessment. 

These s tocks  occur i n  a l l  waters under 

Var ious forms o f  survey 

An example o f  one o f  these resources i s  t h e  r e e f  

Trap and bottom l o n g l i n e  surveys a re  used e x t e n s i v e l y  f o r  f i s h e r y -  
independent assessment o f  deep water snapper and grouper s tocks  i n  t h e  
southeast region. 
use fu l  f o r  t h e  more impor tan t  market species. 

These gears w i l l  t ake  a v a r i e t y  o f  species and a r e  very 

I n  general,  a comple te ly  random approach i s  used t o  s e l e c t  sampling 
s t a t i o n s  w i t h i n  p redef ined areas. These areas a re  se lec ted  on t h e  b a s i s  o f  
known bottom cond i t i ons ,  h i s t o r i c a l  sampling records, and commercial f i s h i n g  
repo r t s .  S t a t i o n  s e l e c t i o n  i s  randomized across depth s t r a t a  and day-night 
periods. Because systemat ic sampling throughout a l l  seasons has no t  been 
accomplished f o r  most o f  t h e  species taken w i t h  t r a p s  and bottom long l i nes ,  
most o f  t h e  sampling of a p a r t i c u l a r  area i s  done d u r i n g  t h e  same season yea r  
a f t e r  y e a r  t o  develop an h i s t o r i c a l  da ta  base f o r  t r e n d  analyses. 

in.) ,  t h ree -s t rand  b ra ided  ny lon  main1 i n e  w i t h  gangions used f o r  hook 
attachment. 
(300-lb.) t e s t  ny lon  monofilament. 
t h e  main l ine ,  and t h e  hooks a r e  normal ly  o f  a #6 o r  #9 Japanese c i r c l e  s t y l e .  
The gangions a r e  spaced about 3.7 m. ( 12 - f t . )  apa r t  on t h e  ma in l i ne ,  w i t h  t h e  
l a t t e r  s e t  i n  183-m. (600-f t . )  shots. A s e t  g e n e r a l l y  c o n s i s t s  o f  two o r  
t h r e e  shots o f  ma in l ine .  Anchors a re  s e t  a t  t h e  s t a r t  and f i n i s h  o f  each set, 
a long w i t h  s u f f i c i e n t  l o n g l i n e  t o  reach sur face  buoy poles. The po les  
normal ly  a r e  equipped w i t h  rada r  r e f l e c t o r s  and b l i n k i n g  l i g h t s  f o r  ease o f  
l o c a t i o n  under bo th  day and n i g h t  cond i t ions .  
s t e r n  o f  t h e  vessel w i t h  pick-up along t h e  s i d e  r a i l .  B i o l o g i c a l  da ta  

Bottom l o n g l i n e  f i s h i n g  gear g e n e r a l l y  c o n s i s t s  o f  a 7.9-mm. (5/16 

The gangions normal ly  a re  f a b r i c a t e d  from 1-m. l e n g t h s  o f  136-kg. 
Snaps a r e  used t o  a t t a c h  t h e  gangions t o  

The se ts  a re  made from t h e  
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c o l l e c t e d  genera l l y  i n c l u d e  species, s ize ,  and weight; samples a r e  taken o f  
scales, o t o l i t h s ,  gonads, and stomachs. 

i n  t h e  commercial f i s h e r i e s .  These c u r r e n t l y  i n c l u d e  rec tangu la r ,  West 
Ind ies ,  Z-, Cuban, and mod i f i ed  l o b s t e r  t raps .  
t h a t  c o l l e c t e d  from t h e  bottom l o n g i n e  surveys a re  taken here  as we l l .  

i n  terms o f  a capture  ra te ,  r a t h e r  than  dens i ty .  
r e s u l t s  may be expressed as t h e  number o f  a p a r t i c u l a r  species caught pe r  100 
hooks pe r  24 hours, and t r a p  r e s u l t s  may be expressed s i m i l a r l y  as t h e  number 
o f  organisms taken pe r  t r a p  pe r  24 hours o f  f i s h i n g .  

Trap surveys a r e  g e n e r a l l y  conducted w i t h  t r a p s  s i m i l a r  t o  those used 

B i o l o g i c a l  da ta  i d e n t i c a l  t o  

Resu l ts  f rom bottom l o n g l i n e  and t r a p  surveys g e n e r a l l y  a r e  expressed 
For  example, l o n g l i n e  

Pe lag ic  l o n g l i n e  survey techniques a r e  no t  used e x t e n s i v e l y  f o r  
surveys o f  p e l a g i c  stocks. 
exp lo ra to ry ,  t o  p rov ide  i n f o r m a t i o n  on seasonal d i s t r i b u t i o n ,  a v a i l a b i l i t y ,  
and species composit ion. 
method a v a i l a b l e  f o r  sampling many o f  t h e  p e l a g i c  f i s h  stocks, such as l a r g e  
tunas and b i l l f i s h e s ,  t hey  a r e  used p e r i o d i c a l l y  f o r  c o l l e c t i n g  specimens f o r  
t agg ing  and f o r  a c q u i s i t i o n  o f  b i o l o g i c a l  samples. 

T h e i r  use h i s t o r i c a l l y  has p r i m a r i l y  been 

As they  represent  t h e  o n l y  f i shery - independent  

2.2.2. V isua l  Surveys 

2.2.2.1. A e r i a l  Surveys 

Surveys w i t h  commercial f i s h i n g  gears, as noted e a r l i e r ,  have 
performed an impor tan t  r o l e  i n  t h e  stock assessment a c t i v i t i e s  o f  t h e  
Northwest and Alaska F i s h e r i e s  Center, t h e  Northeast F i s h e r i e s  Center, and t h e  
Southeast F i s h e r i e s  Center. 
t o  p e l a g i c  and semi-pelagic species, and a v a r i e t y  o f  o t h e r  techniques have 
evolved t o  assess these populat ions.  A e r i a l  surveys have f r e q u e n t l y  been used 
t o  assess popu la t i ons  o f  near-surface schoo l ing  p e l a g i c  f i s h  species. 
mammal popu la t i ons  i n  Alaska, eas te rn  t r o p i c a l  P a c i f i c ,  G u l f  o f  Mexico, and 
South A t l a n t i c ,  have a l s o  been e x t e n s i v e l y  surveyed by s c i e n t i s t s  a t  NWAFC, 
SWFC, and SEFC, w i t h  a e r i a l  survey methods, e s p e c i a l l y  f o r  t h e  ice-assoc ia ted  
seals,  endangered whales such as t h e  bowhead and gray whale, oceanic t r o p i c a l  
do l  p h i  ns, and coas ta l  b o t t l  enose do l  p h i  ns. Exampl es o f  a e r i  a1 surveys a r e  
g i v e n  below: 

The method, however, i s  no t  nea r l y  as a p p l i c a b l e  

Marine 

Exampl e 8.--Aeri a1 Surveys o f  Dol ph i  ns by L i  ne Transect 

The o b j e c t i v e  o f  t h i s  survey method i s  t o  count i n d i v i d u a l  animals o r  
groups o f  animal s (school s, bask i  ng aggregat i ons, e tc .  ) f rom an a i r c r a f t  a1 ong 
predetermined t r a c k l i n e s  o r  f l i g h t  paths. The numbers o f  animals o r  groups o f  
animals seen pe r  u n i t  searching e f f o r t ,  and t h e  amount o f  area " e f f e c t i v e l y "  
searched pe r  u n i t  o f  searching e f f o r t ,  p rov ide  i n f o r m a t i o n  on s p a t i a l  
d i s t r i b u t i o n  and popu la t i on  d e n s i t i e s  o f  s tocks  o f  animals i n  quest ion.  
Depending on t h e  animal be ing  s t u d i e d  and t h e  amount o f  i n f o r m a t i o n  which can 
be ob ta ined on each s i g h t i n g ,  es t imates  o f  abso lu te  abundance o f  i n d i v i d u a l s  
may be p o s s i b l e  a t  best, w h i l e  r e l a t i v e  abundance o f  aggregat ions can be 
c a l c u l a t e d  a t  t h e  minimum. 
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Methods--The survey i s  conducted from an a i r c r a f t  w i t h  unobstructed 
downward and l a t e r a l  v i s i b i l i t y  on b o t h  sides. 
s u i t a b l e  range, dependent upon t h e  l o c a t i o n  o f  a i r p o r t  f a c i l i t i e s .  To 
f a c i l i t a t e  making d e t a i l e d  observa t ions  o f  animals s ighted, t h e  a i r c r a f t  must 
have a r e l a t i v e l y  s low minimum c r u i s i n g  speed and good maneuverabil i t y  f o r  
c i r c l i n g .  These problems were encountered i n  a e r i a l  d o l p h i n  surveys made by 
t h e  SWFC o f f  t h e  P a c i f i c  coasts o f  Mexico, and Central  and South America, 
where a s l  ower, shorter-range a i r c r a f t  was f i nal  l y  se l  ected. 

The a i r c r a f t  must a l s o  have 

The bas i c  i n - f l i g h t  procedures i n v o l v e  several  observers r o t a t i n g  
th rough  s i g h t i n g  pos i t i ons ,  w i t h  one r e s t  p o s i t i o n .  The observers need t o  
i n  communication v i a  intercom. When s i g h t i n g s  a r e  made, i t  i s  u s u a l l y  
necessary t o  d e v i a t e  f rom t h e  f l i g h t  pa th  a t  t h e  t ime  o f  s i g h t i n g  i n  o rde r  
make more d e t a i l e d  observa t ions  on t h e  school; c i r c l i n g  a t  lower  a l t i t u d e  
f r e q u e n t l y  needed. 

For surveys o f  p e l a g i c  animals, smoke bombs o r  dye markers thrown f 
t h e  a i r p l a n e  a t  t h e  t i m e  o f  i n i t i a l  f l y o v e r  a r e  use fu l  i n  r e l o c a t i n g  t h e  
animals. Large format photography has proved useful i n  de termin ing  t h e  
numbers o f  animal s i n  do l  ph i  n aggregations. 

be 

t o  
S 

'om 

A ma jor  requirement f o r  u t i l i z i n g  a e r i a l  survey techniques f o r  stock 
assessment i s  t h a t  t h e  animals be v i s i b l e  f rom t h e  a i r .  
f r a c t i o n  o f  t h e  popu la t i on  which i s  be ing  s igh ted  must be est imable.  
p e l a g i c  d o l p h i n  surveys, f o r  instance, i t  i s  assumed t h a t  a l l  o f  t h e  animals 
which were on t h e  t r a c k l i n e  ( l i n e  t r a n s e c t  surveys) when t h e  a i r c r a f t  passed 
over were seen. 
beaches, and o f  t h e  number o f  coas ta l  b o t t l e n o s e  dolphins,  Tursiops, i n  a 
s t r i p  ( s t r i p  t r a n s e c t  surveys),  s u f f e r  because t h e  p r o p o r t i o n  o f  t h e  
p o p u l a t i o n  which i s  a c t u a l l y  v i s i b l e  a t  any one t ime  i s  no t  known. The d i r e c t  
count methods w i l l  be discussed i n  t h e  next sec t ion .  

I n  a d d i t i o n ,  t h e  
I n  

Surveys o f  t h e  number o f  p innipeds hauled ou t  o f  t h e  water on 

I n  t h e  d o l p h i n  surveys. i t  has been noted t h a t  species d i f f e r  i n  t h e i r  
v i s i b i l i t y  f rom t h e  a i r .  
i n o r d i  n a t e l y  v i  s i  b l  e animal , especi a1 l y  near t h e  t r a c k 1  i ne. 

Barham (1979) suggests t h a t  Gkampus g r i seus  i s  an 
Correspondi n g l y  , - - -  

l a r g e r  aggregat ions o f  do lph ins -  a re  be i  ieved t o  be more v i s i b l e  a t  g r e a t e r  
d i s tances  from t h e  t r a c k l i n e  than  a re  sma l le r  schools. 

Environmental c o n d i t i o n s  a f f e c t  t h e  v i s i b i l i t y  o f  animals f rom t h e  
a i r :  t h e  presence o f  r a i n  o r  low clouds, and e s p e c i a l l y  sea s t a t e  and sun 
p o s i t i o n .  Frequent ly,  i n  ex tens i ve  surveys, environmental c o n d i t i o n s  w i l l  
change markedly over t h e  course o f  s i n g l e  f l i g h t s .  Recent developments i n  
l i n e  t r a n s e c t  t heo ry  suggest t h a t ,  i f  one conducts t h e  survey so as t o  i n s u r e  
t h a t  a l l  o f  t h e  animals on t h e  t r a c k l i n e  a re  seen, such v a r i a t i o n s  i n  
v i s i b i l i t y ,  w i t h i n  l i m i t s ,  w i l l  no t  s e r i o u s l y  a f f e c t  t h e  stock assessment. 

Dur ing  an a e r i a l  survey, two separate da ta  streams a re  obtained: t h e  
sequence o f  s i g h t i n g s ,  w i t h  a n c i l l a r y  d e t a i l e d  observat ions,  and t h e  reco rd  o f  
survey t r a c k s  a c t u a l l y  searched. Al though these two must be analyzed 
together ,  t h e y  a r e  bes t  recorded separately.  The ac tua l  t r a c k l i n e  searched i s  
complex i n  a e r i a l  surveys because observers cease searching w h i l e  d e t a i l e d  
observa t ions  o f  t h e  s igh ted  animals a r e  made. 
searched may be v a r i o u s l y  described; i n  t h e  d o l p h i n  surveys, t h e  s t a r t i n g  and 

The d e t a i l s  o f  t h e  t r a c k  
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ending p o s i t i o n s  and t imes are  recorded f o r  several  segments o f  each t r a c k  
f lown. Dur ing  each segment o f  each t r a c k l i n e ,  t h e  sea s ta te ,  ground speed, 
sun p o s i t i o n ,  and a l t i t u d e  are recorded, a long w i t h  t imes and p o s i t i o n s  a t  
in te rmed ia te  p o i n t s  f o r  re fe rence f o l l o w i n g .  

When a s i g h t i n g  i s  made, observers complete a systemat ic  l i s t  o f  
s p e c i f i c  observat ions.  
a re  made f o r  species i d e n t i f i c a t i o n ,  percent  composi t ion o f  each species 
present,  number o f  animals present,  and t h e  p o s i t i o n  o f  t h e  s i g h t i n g  r e l a t i v e  
t o  t h e  t r a c k l i n e .  

I n  t h e  SWFC d o l p h i n  surveys o f f  Mexico, observa t ions  

The measurement o f  t h e  l o c a t i o n  o f  s i g h t e d  animals r e l a t i v e  t o  t h e  
t r a c k l i n e  i s  ext remely impor tant ,  b o t h  f o r  ' l ine t r a n s e c t  and f o r  s t r i p  survey 
ana lys is .  
t r a c k l i n e  t o  t h e  animals can be used t o  v a l i d a t e  t h e  assumption t h a t  a s t r i p  
was, i n  f a c t ,  searched completely.  F o r  t h e  former analys is ,  t h e  r a t e  o f  
d e c l i n e  o f  t h e  frequency d i s t r i b u t i o n  o f  d is tances  from t h e  t r a c k l i n e  prov ides 
t h e  i n f o r m a t i o n  f o r  de termin ing  t h e  area e f f e c t i v e l y  searched per  u n i t  o f  
searching e f f o r t .  

For  t h e  l a t t e r ,  t h e  f requency d i s t r i b u t i o n  o f  d is tances  from t h e  

The l o c a t i o n  o f  t h e  s i g h t e d  schools can be measured by t h e  
perpend icu la r  d i s t a n c e  from t h e  t r a c k l i n e  t o  t h e  ob jec t ,  o r  by combining t h e  
bear ing  t o  t h e  o b j e c t  and t h e  s t r a i g h t l i n e  distance. 
e i t h e r  case i s  e s s e n t i a l .  I n e r t i a l  n a v i g a t i o n  systems have been s u c c e s s f u l l y  
used t o  measure such d is tances  (Jackson 1979). 

Maximal p r e c i s i o n  i n  

The survey p a t t e r n  i s  very  impor tant  t o  t h e  eventual  in fe rences  which 
can be made from an a e r i a l  survey. 
determined, i d e a l l y  w i t h  t h e  l i n e s  se lec ted  a t  random over  t h e  whole area 
i n h a b i t e d  by t h e  p o p u l a t i o n  d u r i n g  t h e  survey per iod.  
when t h e  range o f  t h e  s tock i s  no t  c l e a r l y  known o r  occurs s u b s t a n t i a l l y  
o f fshore .  A d d i t i o n a l  problems are  presented when t h e  animals a re  v i s i b l e  o n l y  
a t  c e r t a i n  p o i n t s  i n  t h e i r  range, and when unknown f r a c t i o n s  o f  t h e  
popu la t ions  a r e  a t  such s i t e s .  A e r i a l  surveys o f  most p inn ipeds have su f fe red  
f rom t h e  i n a b i l i t y  t o  d e f i n e  meaningful "random samples'' o f  t h e  range o f  t h e  
popu la t ions  t o  survey. It i s  impor tan t  t h a t  accurate p o s i t i o n  i n f o r m a t i o n  be 
recorded d u r i n g  t h e  surveys, e s p e c i a l l y  a t  t h e  t i m e  o f  s i g h t i n g ,  t o  determine 
e x a c t l y  how much area was surveyed. 

A p r i o r i t y  t r a c k l i n e  placement must be 

Th is  can be a problem 

The two streams o f  da ta  must be analyzed t o g e t h e r  i n  develop ing s tock 
assessments f rom a e r i a l  survey data. For  any b u t  ext remely small  sca le  
surveys, t h e  data a re  bes t  analyzed on a computer. Computer programs t o  
i n t e g r a t e  these two streams o f  da ta  need t o  be w r i t t e n  which are  s u f f i c i e n t l y  
f l e x i b l e  t o  a l l o w  f o r  t h e  ex tens ive  s e l e c t i o n  and r e a n a l y s i s  o f  t h e  data 
necessary i n  a d e t a i l e d  a n a l y s i s  f o r  s tock assessment. 
d o l p h i n  survey data, s e l e c t i o n s  which were made inc luded o n l y  those 
observat ions made w h i l e  searching, o n l y  those of c e r t a i n  species, o n l y  those 
o f  c e r t a i n  minimum school s izes,  and o n l y  those made w i t h i n  c e r t a i n  d is tances  
from t h e  t r a c k l i n e  ( H o l t  and Powers 1979). 

I n  t h e  analyses o f  t h e  

A n a l y t i c a l  techniques--Under i d e a l  c o n d i t i o n s  where an es t imate  o f  
abso lu te  numbers o f  i n d i v i d u a l s  can be obtained, t h e  b a s i c  equat ion  t o  be used 
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i s  

N = D x S x A  

where N denotes t h e  number o f  animals i n  t h e  popu la t ion ;  D, t h e  d e n s i t y  o f  
schools; S, t h e  average school s ize ;  and A, t h e  area i n h a b i t e d  a t  t h e  t i m e  o f  
t h e  survey. The techniques used t o  es t ima te  S and A vary  g r e a t l y ,  depending 
on t h e  p a r t i c u l a r s  o f  t h e  s i t u a t i o n .  For  example, i f  t h e  school s i z e  i s  l a r g e  
and h i g h l y  v a r i a b l e ,  s u f f i c i e n t  observa t ions  may n o t  be a v a i l a b l e  t o  es t imate  
t h i s  adequately f rom t h e  survey da ta  alone (Smith 1975). 

The l i n e  t r a n s e c t  approach t o  e s t i m a t i n g  d e n s i t y  has been t h e  sub jec t  
o f  much recen t  research, c u l m i n a t i n g  i n  a recent  monograph by Burnham e t  a1 . 
(1980). They no te  several  d i f f e r e n t  e s t i m a t i o n  formulae which have been used 
i n  t h e  l i t e r a t u r e  and exp lo re  t h e  s t a t i s t i c a l  p r o p e r t i e s  o f  many o f  these. 
While t h e  proper  cho ice  o f  d e n s i t y  e s t i m a t i o n  formulae i s  t o o  complex a 
sub jec t  t o  d iscuss  here, i t  can be noted t h a t  those au thors  f a v o r  a f l e x i b l e  
c u r v e - f i t t i n g  approach, termed t h e  F o u r i e r  s e r i e s  es t imator ,  i n  most 
s i t u a t i o n s .  Th is  was used i n  t h e  a n a l y s i s  o f  t h e  d o l p h i n  survey da ta  ( H o l t  
and 

i s ,  

Powers 1979). 

The e s s e n t i a l  c h a r a c t e r i s t i c  o f  
however, 

a l l  o f  t h e  l i n e  t r a n s e c t  es t ima to rs  

n f ( 0 )  
2L 

D =  

where n denotes t h e  number o f  s i g h t i n g s  made; L, t h e  l e n g t h  o f  t r a c k l i n e  
searched; and f ( 0 )  a parameter es t imated  from t h e  frequency d i s t r i b u t i o n  o f  
perpend icu la r  s i g h t i n g  distances. 
s i g h t i n g s  d e c l i n e  e x p o n e n t i a l l y  w i t h  d i s tance  from t h e  t r a c k l i n e ,  t h e  es t ima te  
o f  f ( 0 )  i s  t h e  i nve rse  o f  t h e  mean s i g h t i n g  distance. I n  o t h e r  s i t u a t i o n s  t h e  
e s t i m a t i o n  o f  f ( 0 )  i s  cons iderab ly  more complex. Laake e t  a l .  (1979) desc r ibe  
a general computer program TRANSECT which i s  a v a i l a b l e  f o r  o b t a i n i n g  some o f  
t h e  a l t e r n a t e  es t ima to rs  o f  t h i s  parameter. 
corresponding sampling v a r i a t i o n  formulae a re  discussed i n  Burnham e t  a l .  
(1980). 

I n  one s imp le  case where t h e  numbers o f  

These es t ima to rs  and 

I f  es t imates  o f  t h e  var iances o f  t h e  mean school s i z e  S and o f  t h e  
area i n h a b i t e d  A a r e  ava i l ab le ,  i t  i s  p o s s i b l e  t o  o b t a i n  an es t ima te  o f  t h e  
va r iance  o f  t h e  es t imate  o f  t o t a l  popu la t i on  s i z e  w i t h  t h e  d e l t a  method (Seber 
1973); f o r  an example, see H o l t  and Powers (1979). 
t h i s  method w i l l  depend on t h e  complex i ty  o f  t h e  f i n a l  formulae used. 

Note t h a t  t h e  d e t a i l s  o f  

I f  t h e  c o n d i t i o n s  o f  t h e  survey do n o t  a l l o w  f o r  an es t imate  o f  
abso lu te  p o p u l a t i o n  s ize,  i t  may be p o s s i b l e  t o  o b t a i n  abso lu te  d e n s i t y  o f  
i n d i v i d u a l s  (by  o m i t t i n g  A i n  t h e  f i r s t  se t  o f  formulae),  o r  abso lu te  d e n s i t y  
o f  schools (by  o m i t t i n g  A and S) .  F i n a l l y ,  i f  some o f  t h e  assumptions a re  
v i o l a t e d ,  such as a l l  o f  t h e  animals on t h e  t r a c k l i n e  be ing  seen, i t  may be 
p o s s i b l e  t o  o b t a i n  r e l a t i v e  p o p u l a t i o n  s i zes  t o  compare between surveys. 
would then be necessary t o  repeat a survey w i t h  t h e  same c h a r a c t e r i s t i c s ,  
however, i n  o rde r  t o  o b t a i n  useful i n f o r m a t i o n  from t h e  study. 

I t 
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Example 9.--Aerial Surveys by S t r i p  Transects o f  Coastal Dolphins 

Coastal  popu la t ions  o f  bo t t lenosed d o l p h i n  ( T u r s i o  s )  i n  t h e  
southeastern and Gu l f  reg ions  o f  t h e  Un i ted  Sta tes  o f t e n  --f- i v e  p o r t i o n s  o f  
t h e i r  l i v e s  conf ined t o  bays and i n l e t s  where they  a r e  e a s i l y  observed from 
a i r c r a f t .  A e r i a l  surveys, us ing  a spec ia l  case o f  l i n e  t r a n s e c t  methods, 
i.e., s t r i p  t ransec ts ,  can be an e f f e c t i v e  way o f  es t ima t ing  numbers. 

Methods--A t y p i c a l  survey o f  t h i s  t ype  was repo r ted  by Leatherwood 
( 1 9 7 9 ) . W r t h t h e s e  methods, t h e  a i r c r a f t  surveys a s t r i p  o f  t h e  popu la t i on  
range, and it i s  assumed t h a t  a l l  animals i n  t h a t  s t r i p  a re  seen. 
o f  herds encountered a re  recorded, and, s ince  t h e  aggregat ions o f  T u r s i o  s i n  

s i z e  o f  i n d i v i d u a l  animals. D e t a i l e d  observat ions on environmental  c o n d i t i o n s  
such as sea s t a t e  and sun angle a re  a l so  noted. 

The numbers 

coas ta l  waters a re  smal l ,  est imates may be made o f  t h e  herd s i z e  an -7-57 o f  t e 

The s t r i p s  a r e  u s u a l l y  chosen so t h a t  t h e  bay o r  i n l e t  i s  
s y s t e m a t i c a l l y  represented i n  t h e  sample. I n  add i t i on ,  f l i g h t s  a re  planned t o  
be c a r r i e d  out  on l y  when weather, t i m e  o f  day, and o t h e r  environmental  f a c t o r s  
a re  w i t h i n  a c o n t r o l  range. I f  weather does no t  f a l l  w i t h i n  t h i s  range, t h e  
f l i g h t  i s  postponed. 
Rep l i ca tes  o f  t h e  s t r i p s  a r e  f l own  t o  enable es t imate  v a r i a t i o n s .  

Leatherwood (1979) g ives  t h e  s p e c i f i c  c r i t e r i a .  

A n a l y t i c a l  techniques--The bas i c  formula f o r  es t ima t ing  abundance from 
s t r i p  surveys i s  as i n  t h e  prev ious s e c t i o n  

N = D x S x A  

where N i s  t h e  abundance o f  i n d i v i d u a l s ,  D i s  t h e  d e n s i t y  o f  herds (number per  
u n i t  area) ,  S i s  t h e  herd s ize,  and A i s  t h e  area. Dens i ty  o f  herds i s :  

n 
W2L 
- D =  

where n i s  t h e  number s igh ted  per  s t r i p ,  W i s  1 /2 o f  t h e  s t r i p  w id th  and L i s  
t h e  s t r i p  length.  As noted before,  t h i s  i s  a spec ia l  case o f  t h e  general l i n e  
t r a n s e c t  model. Sampling var iances a re  obta ined from t h e  r e p l i c a t e  s t r i p s  as 
i n  Seber (1973). 

The e f f e c t  o f  v i s i b i l i t y  and o f  environmental  c o n d i t i o n s  has a 
s i g n i f i c a n t  impact on s t r i p  surveys. 
even f o r  those s i g h t i n g s  w i t h i n  t h e  s t r i p ,  because t h e  d i s t r i b u t i o n  prov ides  
some i m p l i c a t i o n s  as t o  t h e  v a l i d i t y  o f  t h e  assumption tha t  a l l  animals w i t h i n  
t h e  s t r i p  can be seen. 
a l s o  a f f e c t  t h e  v i s i b i l i t y  assumption, and may reduce t h e  usefu lness o f  t h e  
es t imate  as a minimum abundance index. 

S i g h t i n g  d is tances  should be recorded 

Var iab le  s i g h t i n g  c o n d i t i o n s  d u r i n g  t h e  survey p e r i o d  

Example 10.--Aerial Survey by Commercial F i s h  Spot te rs  

Method--The method prov ides  i n d i c e s  o f  apparent abundance o f  
near-sur face schoo l ing  f i s h  f rom observa t ion  l ogs  o f  a e r i a l  f i s h  s p o t t e r s  who 
l o c a t e  f i s h  concent ra t ions  f rom a i rp lanes  and guide commercial f i s h i n g  vessels  
i n  t h e  ca tch ing  operat ion.  Th is  m u l t i p l e  species method has been used 
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p r i m a r i l y  o f f  southern C a l i f o r n i a  f o r  mon i to r i ng  coas ta l  pe lag i c  stocks. The 
f i s h e r y  f o r  these stocks has u t i l i z e d  a e r i a l  f i s h  s p o t t e r s  s ince  t h e  l a t t e r  
years  o f  t h e  sard ine  f i s h e r y .  
t o  NMFS s i n c e  1962 t o  p rov ide  f l i g h t  l ogs  o f  t h e i r  observat ions.  The s p o t t e r s  
f l y  s ing le -eng ine  a i r c r a f t  throughout t h e  range o f  t h e  f i s h e r i e s  i n  search o f  
f i s h  concent ra t ions .  F l i g h t s  a r e  made throughout t h e  yea r  d u r i n g  d a y l i g h t  and 
n i g h t t i m e  hours. P i l o t s  do no t  f o l l o w  any p re -spec i f i ed  f l i g h t  t r a c k  b u t  
scout those areas where concen t ra t i ons  o f  t a r g e t  species a r e  l i k e l y  t o  be 
found. 
t h e i r  observa t ions  o f  f i s h  schools on l o g  maps supp l ied  by NMFS (Squ i re  1972). 
They a l s o  t r a c e  t h e i r  f l i g h t  t r a c k  on t h e  map (F ig .  11). 

Many o f  these p i l o t s  have been under c o n t r a c t  

I n  t h i s  sense, t h e  survey p a t t e r n  i s  o p p o r t u n i s t i c .  P i l o t s  reco rd  

I n  pas t  years, t h e  f l i g h t  l ogs  were re tu rned  t o  NMFS f o r  processing. 
Annual summaries o f  apparent abundance by species were compiled. More 
recen t l y ,  a computerized da ta  management system has been devel oped. 
Cur ren t l y ,  as t h e  f l i g h t  l o g s  a r e  received, t h e  da ta  a r e  coded on fo rmat ted  
forms and key-punched. 
computer programs. 
made and s to red  i n  a da ta  base system f o r  r e t r i e v a l  and a n a l y s i s  a t  a l a t e r  
date. 

These da ta  a r e  then  v e r i f i e d  and e d i t e d  by a s e r i e s  o f  
A f t e r  a l l  t h e  obvious e r r o r s  a re  cor rec ted ,  a da ta  tape i s  

T h i s  method o f  assessment works bes t  f o r  schooled f i s h  species o r  
mar ine  mammals t h a t  a re  o f t e n  observed i n  t h e  sur face  waters. Daytime 
observa t ions  r e q u i r e  good l i g h t i n g  and v i s i b i l i t y  so t h a t  c o l o r  changes i n  t h e  
su r face  waters o r  sur face  disturbances, which i n d i c a t e  presence o f  a f i s h  
school, can be r e a d i l y  detected. N igh t t ime  observa t ions  r e l y  on t h e  d e t e c t i o n  
o f  t h e  f a i n t  glow o f  bioluminescence emi t ted  by plankton, r e s u l t i n g  f rom t h e  
d i s tu rbance  by a moving school o f  f i s h .  D e t e c t i o n  i n  t h e  dark hours i s  
i n h i b i t e d  by moon l igh t  and t h e  glow from c i t y  l i g h t s .  
by c h a r a c t e r i s t i c  school shape, speed, o r  behav io r  i n  t h e  p a t t e r n  o f  r e f l e c t e d  
g l i t t e r  f rom s u n l i g h t  i n  daytime hours. I n  dark hours, species i d e n t i f i c a t i o n  
i s  enhanced by c h a r a c t e r i s t i c  school response t o  a d i r e c t e d  f l a s h  o f  l i g h t .  

Species a r e  i d e n t i f i e d  

A n a l y t i c a l  techniques--The a n a l y s i s  o f  t h e  f i s h  s p o t t e r  l o g  
i n f o r m a t i o n  i s  s i m i l a r  t o  t h a t  f o r  ca tch  and e f f o r t  data. I n  t h i s  case, 
however, a f i s h  s i g h t i n g ,  which i s  equ iva len t  t o  a vessel catch, i s  n o t  a 
removal f rom t h e  popu la t i on  and t h e  magnitude o f  t h e  s i g h t i n g  i s  no t  
cons t ra ined  by vessel capac i ty .  The p i l o t  records t h e  f o l l o w i n g  f o r  each 
f l i g h t :  date, p i l o t  name, t i m e  o f  day, p lane i d e n t i f i c a t i o n ,  t o t a l  f l i g h t  
hours, and f l i g h t  pa th  t race ;  and f o r  each s i g h t i n g :  species, l o c a t i o n ,  number 
o f  schools, and est imated tonnage o f  each school, o r  es t imated  tonnage o f  t h e  
school group. E f f o r t  should i d e a l l y  measure t h e  sur face  area o f  t h e  ocean 
surveyed. 
d e t a i l  t h a t  would be r e q u i r e d  f o r  accurate es t imates  o f  e f f o r t .  I n  t h e  
southern C a l i f o r n i a  area, f o r  example, t h e  coas ta l  r e g i o n  has been d i v i d e d  
i n t o  a g r i d  o f  10 '  square b locks  (8  by 10 n.mi.), and e f f o r t  i s  measured i n  
u n i t s  o f  b lock  f l i g h t s  and t o t a l  f l y i n g  t ime. A b lock  f l i g h t  i s  de f i ned  as 
t h e  c ross ing  o f  a g r i d  b lock  by t h e  f l i g h t  path t race .  
spend from a few minutes t o  a few hours w i t h  one g r i d  b lock ,  depending on 
occurrence o f  f i s h  schools o r  vessel a c t i v i t y .  

Because o f  t h e  na tu re  o f  t h e  system, p i l o t s  cannot reco rd  t h e  

The p i l o t  may a c t u a l l y  
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MARINE RESOURCE MONITORING SYSTEM 

L O S  A N G E L E S  

Figure 11.--Fl ight  c h a r t  €or southern C a l i f o r n i a  a r ea  showing t y p i c a l  f l i g h t  t 
and fish and mammal observat ions.  B lock  area g r i d  i s  overlayed on 
chart for coding observations. (Squire 1-972) 

rack. 
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Q u a l i t y  c o n t r o l  o f  t h e  recorded observa t ions  i s  promoted th rough 
f requent  con tac t  w i t h  t h e  p i l o t s .  Species i d e n t i f i c a t i o n  and tonnage 
es t imates  can o f t e n  be conf i rmed by assoc ia ted  vessel catches. 
instances, s igh ted  schools a r e  d i f f u s e  and sca t te red ,  making es t imates  o f  
school numbers and tonnages i m p r a c t i c a l .  F l i g h t  pa th  l o c a t i o n  i s  sub jec t  t o  
p o t e n t i a l  inaccurac ies  because o f  t h e  small  sca le  o f  t h e  f l i g h t  l o g  map 
r e l a t i v e  t o  t h e  s i z e  o f  t h e  ac tua l  a i rspace surveyed. 
improved w i t h  t h e  a d d i t i o n  o f  landmarks and popu lar  f i s h i n g  banks on t h e  maps. 

I n  a few 

Accuracy can be 

Survey des ign  f o r  t h i s  o p p o r t u n i s t i c  method, as i n  t h e  ca tch  and 
e f f o r t  case, cannot be r i g o r o u s l y  c o n t r o l l e d .  
area can be promoted by c o n t r a c t i n g  w i t h  as many p i l o t s  as possible.  
southern C a l i f o r n i a ,  f o r  example, t h e  f i s h e r y  t a r g e t s  on a v a r i e t y  o f  species. 
The seasonal d i s t r i b u t i o n  o f  these species i s  s u f f i c i e n t l y  v a r i a b l e  t o  
encourage t h e  p i l o t s  t o  survey f r e q u e n t l y  over  wide areas. Un fo r tuna te l y ,  t h e  
areas surveyed a r e  somewhat l e s s  t h a n  t h e  f u l l  range o f  t h e  species. 
Quest ions  o f  sample s i z e  a re  n o t  g e n e r a l l y  r a i s e d  because o f  t h e  r e l a t i v e l y  
inexpens ive  na tu re  o f  t h e  da ta  c o l l e c t i o n .  

Survey coverage over  t i m e  and 
O f f  

Ana lys i s  o f  these da ta  f o r  o t h e r  than  s imp le  r o u t i n e  summaries 
r e q u i r e s  use o f  computers and a w e l l - s t r u c t u r e d  da ta  base. 
C a l i f o r n i a  example, a computerized da ta  management system was developed by 
Caruso (1979). 
da ta  cod ing  i n s t r u c t i o n s ,  da ta  v e r i f i c a t i o n ,  and da ta  s to rage and r e t r i e v a l .  
T h i s  system reduces t h e  t i m e  needed t o  complete s o p h i s t i c a t e d  a n a l y s i s  and 
insu res  t h a t  da ta  accuracy does n o t  d e t e r i o r a t e  w i t h  processing. 

For  t h e  southern 

Th is  system s e t s  up a f i l i n g  scheme f o r  re tu rned  f l i g h t  logs,  

The pr imary  parameter es t ima te  f o r  stock assessment purposes i s  e i t h e r  
a day o r  n i g h t  index o f  apparent abundance. 
measure o f  t h e  resource magnitude a v a i l a b l e  t o  t h e  f i s h e r y ,  and should r e f l e c t  
p o p u l a t i o n  d e n s i t i e s  i n  t h e  area o f  t h e  f i s h e r y  i n  much t h e  same way as CPUE. 
There i s  no obvious method f o r  expanding t h i s  r e l a t i v e  index d i r e c t l y  i n t o  a 
p o p u l a t i o n  est imate.  I n  t h e  southern C a l i f o r n i a  example, t h e  index measure 
has been i n  u n i t s  o f  t o n s  o f  f i s h  pe r  b lock  f l i g h t  f o r  a ca lendar  year. Th i s  
index, c a l c u l a t e d  separa te l y  f o r  day and n i g h t  f l i g h t s ,  i s  t h e  r a t i o  o f  t h e  
annual t a l l y  o f  observed school tonnages t o  t h e  t o t a l  number o f  b lock  f l i g h t s .  
Variance es t imates  have no t  been considered. The t i m e  s e r i e s  f o r  n o r t h e r n  
anchovy, j a c k  mackerel, P a c i f i c  mackerel, and P a c i f i c  b o n i t o  have shown t rends  
t h a t  a r e  c o n s i s t e n t  w i t h  r e s u l t s  o f  o t h e r  stock assessment methods. Th is  
e s t i m a t i o n  procedure assumes t h a t  p i l o t s  a re  e s s e n t i a l l y  equ iva len t ,  i.e., 
t h e i r  s k i l l s  a r e  s i m i l a r  and t h e  e f f e c t i v e  w i d t h  o f  t h e i r  search paths a r e  t h e  
same. 

Th is  es t ima te  i s  a r e l a t i v e  

4 

An a l t e r n a t i v e  a n a l y t i c a l  procedure i s  c u r r e n t l y  under i n v e s t i g a t i o n  
which a p p l i e s  t h e  f i s h i n g  power a n a l y s i s  o f  t h e  ca tch  and e f f o r t  method as 
desc r ibed  by Robson (1967) and F ranc i s  (1974). I n  t h i s  case, a m u l t i p l i c a t i v e  
model o f  t o n s  o f  f i s h  T can be expressed as a f u n c t i o n  o f  va r ious  f a c t o r s :  
p i l o t s  p, season s ,  r e g i o n  r, day /n igh t  t, f i s h  abundance a, and e f f o r t  as a 
c o v a r i a t e  E, i.e., 

T = u ' p ' s ' r ' t ' a * b E * e  (1 1 
where u i s  t h e  mean and e i s  a lognormal e r r o r  term. The f a c t o r  a i s  
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i n t e r p r e t e d  t o  be t h e  y e a r l y  f i s h  abundance e f f e c t  and can be es t imated by 
a n a l y s i s  o f  var iance models o f  t h e  l i n e a r i z e d  l o g  t r a n s f o r m a t i o n  o f  ( l ) ,  i.e., 

T = u '  t p '  + s '  t r '  + t '  t a '  t b ' l n  E t e ( 2  1 
where t h e  f a c t o r s  a r e  now t h e  l o g a r i t h m  o f  f a c t o r s  i n  (1). 
model appears t o  be t h e  bes t  method f o r  e s t i m a t i n g  t h e  index o f  abundance a, 
t h e  a p p l i c a b i l i t y  o f  t h e  assumption t o  t h e  southern C a l i f o r n i a  a e r i a l  s p o t t e r  
da ta  has no t  been comple te ly  examined. 

Al though t h i s  

Impor tan t  assumptions are: 

1) e i s  l ognormal ly  d i s t r i b u t e d ,  

2 )  i n t e r a c t i o n  terms a r e  n e g l i g i b l e ,  and 

3 )  e f f o r t  i s  a s i g n i f i c a n t  cova r ia te .  

The advantage o f  t h i s  model i s  t h a t  t h e  es t imated  index o f  abundance 
and i t s  va r iance  f o r  t h e  e n t i r e  t i m e  s e r i e s  can be es t imated i n  one a n a l y s i s  
which takes  i n t o  account ma jor  f a c t o r s  t h a t  i n f l u e n c e  s i g h t i n g .  I n  t h i s  case 
t h e  abundance index w i l l  be dimensionless and t h e  sum o f  t h e  index  over  t h e  
yea rs  must equal zero (i.e., a '  = 0). Th is  means t h a t  w i t h  each new year, 
t h e  updated a n a l y s i s  o f  var iance w i l l  es t ima te  a new t i m e  s e r i e s  o f  t h e  annual 
abundance f a c t o r ,  a ' ,  s l  i g h t l y  d i f f e r e n t  f rom t h e  prev ious  values. 

2.2.2.2. Land-Based Counts 

Marine mammals, t u r t l e s ,  and salmon have evolved m i g r a t o r y  p a t t e r n s  
which t e m p o r a r i l y  v i s u a l l y  expose t h e  animals i n  s p e c i f i c  areas. Censusing 
techn iques  developed t o  es t ima te  p o p u l a t i o n  s i z e  f rom v i s u a l  counts a r e  
d i s t i n c t l y  d i f f e r e n t  f rom t h e  usual f i s h e r y  methods. For  example, whales 
t y p i c a l l y  undertake l eng thy  m i g r a t i o n s  between summer feed ing  grounds i n  h i g h  
l a t i t u d e s  and w i n t e r  b reed ing  grounds i n  low l a t i t u d e s .  Dur ing  these 
movements, some popu la t i ons  pass headlands o r  a r e  con f ined  t o  narrow pathways 
where i n d i v i d u a l s  can be counted as they  su r face  t o  breathe. 
o t h e r  hand, t y p i c a l l y  swim ashore (hau l  o u t )  on s p e c i f i c  beach areas 
( r o o k e r i e s )  t o  g i v e  b i r t h  and t o  mate. T u r t l e s  crawl ashore on beaches t o  l a y  
t h e i r  eggs. Salmon, because o f  t h e i r  anadromous behavior,  a r e  concent ra ted  i n  
t h e  r i v e r s  of t h e  P a c i f i c  northwest and A t l a n t i c  nor theas t  d u r i n g  b o t h  t h e  
j u v e n i l e  and mature a d u l t  stages. Research agencies w i l l  f r e q u e n t l y  s e t  up 
s t a t i o n s  a long t h e  r i v e r s  t o  m o n i t o r  t h e  seaward m i g r a t i o n  o f  t h e  j u v e n i l e  
salmon smolts o r  t o  count t h e  r e t u r n i n g  a d u l t s  d u r i n g  t h e i r  upstream m i g r a t i o n  
t o  t h e  spawning grounds. 

Seals, on t h e  

A p r imary  advantage o f  these coun t ing  techniques i s  t h a t  ma jor  f und ing  
Rather than  us ing  l e v e l s  a r e  n o t  r e q u i r e d  t o  o b t a i n  an obse rva t i on  p la t fo rm.  

va luab le  c h a r t e r  t i m e  t o  survey, t h e  observer goes d i r e c t l y  t o  t h e  p lace  where 
t h e  animals a r e  found. 
e f f o r t ,  some segment o f  t h e  p o p u l a t i o n  may no t  be a v a i l a b l e  f o r  censusing. 
For  example, some whales may be submerged when swimming by a s t a t i o n  and n o t  
be seen, female sea ls  may be feed ing  away from t h e  r o o k e r i e s  when counts a r e  
taken, and o n l y  a p o r t i o n  o f  female t u r t l e s  breed. In these cases, accessory 
exper iments must be undertaken t o  d e r i v e  c o r r e c t i o n  f a c t o r s  which improve t h e  
accuracy o f  p o p u l a t i o n  estimates. 

The pr imary  disadvantage i s  t h a t ,  d e s p i t e  i n t e n s i v e  

P r i o r  knowledge about t h e  behav io r  o f  
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animals i n  t h e  census area u s u a l l y  eases t h e  task  o f  des ign ing  and 
imp1 ementi ng such experiments. 

The problem o f  e s t i m a t i n g  popu la t i on  s i z e  f rom d i r e c t  counts o f  a 
p r o p o r t i o n  o f  t h e  popu la t i on  i s  e s p e c i a l l y  exemp l i f i ed  by beach surveys f o r  
sea t u r t l e s  i n  t h e  southeastern and G u l f  reg ions  o f  t h e  Un i ted  States.  
Surveys o f  t h e  beach f o r  evidence o f  t u r t l e  n e s t i n g  a c t i v i t y  have been made 
from a i r c r a f t  and on t h e  ground. However, o n l y  t h e  a d u l t  females l a y  eggs and 
on ly  some f r a c t i o n  o f  them may be breeding. I n  add i t i on ,  t h e  da ta  u n i t  be ing  
counted i s  t h e  an imals 's  t r a c k  l e f t  as i t  crawls  t o  t h e  water. Some judgment 
can be made as t o  t h e  f reshness o f  t h e  t r a c k ,  b u t  t h i s  aspect compounds t h e  
problem by i n t r o d u c i n g  a p o s s i b i l i t y  o f  overcount ing  t h e  n e s t i n g  a c t i v i t y .  
Therefore,  i t  must be r e i t e r a t e d  t h a t  coun t ing  methods r e l y  cons ide rab ly  on 
knowledge o f  behav io r  b e f o r e  t h e  counts can be expanded t o  popu la t i on  
estimates. 

S ince  t h e  e s t i m a t i o n  o f  t h e  number o f  smo l t i ng  o r  spawning salmon f o r  
a p a r t i c u l a r  r i v e r  system i s  g e n e r a l l y  t h e  r e s p o n s i b i l i t y  o f  s t a t e  f i s h e r y  
agencies, t h e  methodology w i l l  no t  be discussed i n  t h i s  repo r t .  

The f o l l o w i n g  examples t y p i f y  t h e  coun t ing  methods used f o r  whales and 
sea ls  and may be con t ras ted  w i t h  t h e  usual f i s h e r i e s  stock assessment methods 
discussed p rev ious l y .  
which these a r e  a subset, i s  g i ven  by Eberhardt e t  a l .  '(1979); many o f  these 
a re  d e r i v a t i v e s  o f  usual f i s h e r i e s  techniques. 

A f u l l  rev iew o f  marine mammals census methods, o f  

Example 11.--Cal i f o r n i a  Gray Whales 

Methods--The C a l i f o r n i a  stock o f  gray whales leaves i t s  f eed ing  
grounds i n  t h e  Ber ing  and Chukchi Seas i n  October and migra tes  down t h e  Nor th  
American coas t  t o  w i n t e r  along t h e  west coas t  o f  Mexico. 
m ig ra t i on ,  t h e  gray whales tend  t o  hug t h e  coast, and a t  var ious  places t h e  
m i g r a t o r y  c o r r i d o r  i s  q u i t e  narrow. Between P o i n t  Lobos and P o i n t  Sur on t h e  
Monterey Peninsul a near Monterey, C a l  i f o r n i a ,  a e r i a l  surveys i n d i c a t e  t h a t  93% 
o f  t h e  p o p u l a t i o n  passes w i t h i n  3.2 km o f  shore. 

Dur ing  t h i s  

S ince  w i n t e r  o f  1967/68, t h e  predecessor o f  t h e  Nat iona l  Marine Mammal 
Labora tory  has e x p l o i t e d  t h e  m i g r a t o r y  behav io r  o f  gray whales along t h e  
Monterey Peninsula by making a shore count a t  e i t h e r  Yankee P o i n t  o r  nearby 
G r a n i t e  Canyon, C a l i f o r n i a .  A t  a he igh t  o f  21-23 m above sea l e v e l  a t  these 
two places, an observer i s  l i k e l y  t o  see most o f  t h e  whales which pass by i n  
day1 i g h t .  

Each yea r  a watch has been maintained from 0700 t o  1700 by two 
observers a l t e r n a t i n g  5-hour s h i f t s ,  seven days a week. An observer watches 
t o  t h e  n o r t h  f o r  southward m i g r a t i n g  whales. For  each s i g h t i n g ,  t h e  number o f  
groups seen, t h e  number o f  animals i n  each group, and t h e  t ime  o f  s i g h t i n g  a re  
recorded. 
es t imates  t h e  d i s tance  from shore and records wind d i r e c t i o n ,  Beaufor t  Sea 
s ta te ,  and comments on v i s i b i l i t y  ( fog ,  g la re ,  etc.) .  

When t h e  whales pass by d i r e c t l y  o f fshore ,  t h e  observer a l s o  
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A n a l y t i c a l  techniques--The t o t a l  counts obta ined each yea r  d u r i n g  
December 18 - February 4 (exc lud ing  December 25 and January 1 ho l i days )  a re  
shown i n  Table 1. R e i l l y  e t  a l .  (1980) examined these data i n  d e t a i l  t o  
o b t a i n  a s t a t i s t i c a l l y  v a l i d  es t ima to r  f o r  t o t a l  popu la t i on  abundance. The i r  
ana lys i s  i n d i c a t e d  t h a t  observers c o n s i s t e n t l y  underest imated t h e  number o f  
whales i n  a group, t h a t  whales migra ted  a t  t h e  same r a t e  a t  n i g h t  as d u r i n g  
t h e  day, and t h a t  observers '  a b i l i t i e s  t o  s i g h t  whales dec l i ned  s i g n i f i c a n t l y  
beyond 2.4 km. 

Table 1.--Counts o f  southward m i g r a t i n g  gray whales f rom s t a t i o n s  
near Monterey , Cal i f o r n i  a. 

Season Count 

1967/68 3,120 
1968/69 3,081 
1969/70 3,064 
1970/71 3,034 
1971/72 2,588 
1972/73 3,304 

Season Count 

1973/74 3,492 
1974/75 3,348 

1976177 4.058 
1975/76 3,797 

3 127 
3,568 

Shore observat ions were compared w i t h  r e s u l t s  f rom concurrent  a e r i a l  surveys. 
I f  a constant  r a t e  o f  m i g r a t i o n  occurred throughout 24 hours, t h e  number 
pass ing i n  day j ( n j )  was de f i ned  t o  be 

n = ( c i f ( n i ) / t . ) * 2 4  j J 
where ni = t h e  number counted i n  t h e  i t h  s i g h t i n g  

f ( n i )  = t h e  b i a s  c o r r e c t i o n  f u n c t i o n  f o r  undercount ing 

by observers, as compared t o  concurrent  a e r i a l  surveys 

t i  = t o t a l  t ime  watched du r ing  t h e  j t h  day, 

on as ni as 
J 

and R e i l l y  e t  a l .  de f i ned  t h e  b i a s  c o r r e c t  

ni + 0,350 i f  

f ( n i )  = ni + 0.0 i f  

ni + 0.333 i f  

on f u n c t  

ni = 1 

ni = 2,3 

ni - > 4. 

Whales which passed by be fo re  o r  a f t e r  t h e  census pe r iod  were 
accounted f o r  by assuming a normal d i s t r i b u t i o n  curve f o r  t h e  s igh t i ngs .  
those which were missed as a f u n c t i o n  o f  t h e i r  d i s tance  from shore, R e i l l y  

For  
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e t  a l .  developed a correction factor by comparing sightings from shore inside 
and outside of 2.4 km with concurrent aerial observations. 

The cumul at ive proport ions of the popul ation expected each day were 
calculated from past daily count d a t a  and found t o  f i t  a normal cumulative 
d i  s t  ribut i on. 

The estimates of abundance and 95% confidence intervals obtained from 
the gray whale count d a t a  are shown in Table 2. The estimates a l l  have 
confidence intervals under - + 20%. 

Table Z.--Estimates of abundance fo r  California gray whales and 
t h e i r  confidence intervals expressed a s  a percent of 
the estimate. Source: Reilly e t  a l .  (1980). 

Season 

1967168 
1968169 
1969170 
1970171 
1971172 
1972173 
1973174 
1974175 
1975/76 
1976177 
1977178 

Estimate 

10,767 
11,384 
11,748 
11,356 
9 , 637 
13,167 
13,010 
12,069 
14 , 930 
16,511 
13,644 

Confidence interval (%) 

18.5 
19.0 
18.5 
19.1 
18.5 
18.3 
18.5 
19.2 
17.5 
17.5 
17.9 

The aerial  surveys were made d u r i n g  good v is ib i l i ty .  No corrections 
i n  the counts have been made f o r  low v i s i b i l i t y  counting periods. Reilly 
e t  a l .  concluded tha t ,  as a resu l t ,  the reported estimates were below actual 
values since no correction had been made for changes i n  v i s ib i l i t y ;  poor 
weather, f o r  example, would affect  an observer's ab i l i t y  t o  count passing 
whales accurately. The highest estimate, 16,511 for  1976177, i s  probably the 
best estimate available since there was an exceptionally c lear  and stormless 
winter d u r i n g  which bet ter  t h a n  average v i s ib i l i t y  
lowest estimate, 9,637 i n  1971172, occurred d u r i n g  
t o  be "stormier" than usual. Further research wil 
correction factors f o r  v i s ib i l i ty .  

Example 12.--Northern Sea Lions 

would be expected. The 
a year which was reported 
develop appropriate 

eastern A1 eut i an Is1 ands Methods--Northern sea l ions haul o u t  on the 
t h r o u g h o u t  the year b u t  occur i n  greatest numbers on land  between May and 
October d u r i n g  the breeding and molting seasons. 
breeding occurs, and 23 haul-out s i t e s ,  where no breeding takes place, have 
been identified in this  area. 

Seven rookeries, where 

The height of the breeding period occurs d u r i n g  
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June-August, and t h e  maximum number o f  animals i s  expected t o  be ashore t h e n  
a t  b o t h  t h e  rooke r ies  and hau l -ou t  s i t e s .  

Dur ing  1975-77, t h e  Na t iona l  Marine Mammal Labora tory  e x p l o i t e d  t h i s  
behav io ra l  p a t t e r n  t o  census t h e  number o f  sea l i o n s  i n  t h e  eas te rn  A l e u t i a n  
I s l a n d s  (Braham e t  a l .  1977). 
o f  t h e  c o a s t l i n e ,  a t  a l t i t u d e s  of 90-240 in and a t  speeds o f  150-190 km/hr. 
Fo r  s i t e s  hav ing  more than  20 animals, observers took  photographs w i t h  35 mm 
cameras equipped w i t h  t e l e p h o t o  lenses, motor d r i v e  u n i t s ,  and h i g h  speed 
c o l o r  f i l m  (ASA 160-200). Otherwise, v i s u a l  counts were recorded. 

A i r c r a f t  were f l own  over  each area w i t h i n  400 m 

A n a l y t i c a l  techniques--The t o t a l  counts ob ta ined d u r i n g  f o u r  a e r i a l  
survevs a r e  shown i n  Table 3. Examinins t h e  da ta  i n  d e t a i l ,  Braham e t  a l .  
found" no s t a t i s t i c a l  d i f f e r e n c e s  when t h e  same s i t e s  were compared t o  
succeeding survey years  us ing  Wilcoxon's Signed Rank Test (Ho l l ander  and Wolfe 
1973). Consequently, i t  was p o s s i b l e  t o  pool t h e  1975-77 data. However, as 
noted i n  Table 3, inclement weather a f f e c t e d  v i s i b i l i t y  d u r i n g  t h e  June 1975 
survey, r e s u l t i n g  i n  a r a t h e r  l ow  t o t a l  count; t he re fo re ,  t h a t  t o t a l  count was 
n o t  considered t o  be a r e p l i c a t e .  O m i t t i n g  i t  gave a mean va lue  o f  21,881 sea 
l i o n s  w i t h  95% conf idence l i m i t s  o f  511% (19,390 - 24,372). 

Tab le  3.--Total counts o f  n o r t h e r n  sea l i o n s  f rom t h e  eas te rn  
A l e u t i a n  Is lands .  Source: Braham e t  a l .  (1977). 

Year Month To ta l  Count s i  t e s a  - 
1975 Juneb 

August 
11,406 
21,221 

1976 June 22,142 
August 20,239 

29 
40 

35 
41 

1977 June 23,922 40 

aNumber o f  s i t e s  v i s i t e d  where sea l i o n s  were seen. 
b I n c l  ement weather a f f e c t e d  v i  s i  b i  1 i t y  . 

2.2.2.3. Underwater Surveys 

The bes t  c u r r e n t  survey techniques f o r  r e e f  f i s h  s tocks  a r e  those 
based on v i s u a l  methods supplemented w i t h  photographic and v ideo imaging 
systems. Reef f i s h e s  almost i n v a r i a b l y  occur i n  c l e a r  water. Consequently, 
va r ious  survey techniques based on s i g h t i n g s  (as used f o r  numerous l a n d  
animals) a r e  poss ib le .  These techniques can be used two ways: v i s u a l  surveys 
may be used alone t o  measure s tocks  on a se lec ted  ree f ,  o r  a s e t  o f  subsets o f  
r e e f s  may be taken as a sample o f  a l l  reefs.  
stock abundance computed f o r  t h e  subsets i s  ex t rapo la ted  t o  t o t a l  abundance by 

I n  t h e  l a t t e r  case, t h e  mean 
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relating the mean t o  the t o t a l  amount of reef habitat available. 
can be estimated in various ways, b u t  vessel surveys which use over-the-side 
video methods are preferred. 

Reef habitat 

A variety of visual methods i s  used t o  measure abundance of reef 
fishes. Generally these methods f a l l  i n t o  two categories: 1) those which 
depend upon  direct  human sightings (Brock 1954, Parker e t  a l .  1979, Stone e t  
a l .  1979) and those t h a t  rely on photographic and video records (Alevizon and 
Brooks 1975, Ebeling e t  a l .  1971, Smith and Tyler 1973). 
s i  ghti n g s  are general ly preferred since avail ab1 e camera systems provide 
limited f i e lds  of view which make accurate species identification and 
quantification vir tual ly  impossible. Photographic and video systems, however, 
offer  the advantage of providing permanent records which can be studied a f t e r  
compl e t  i on of surveys. 

Direct human 

Directed visual surveys generally are accomplished e i ther  by scuba 
divers or by manned submersibles. 
they are  depth-limited. 
advantages of scuba surveys and are not  depth-limited. 
submersibles, however, i s  high: good submersibles and support vessels cost 
$8,000 t o  $10,000 per day. 

Scuba surveys are less  expensive, although 
Submersibles, on the other hand,  offer  most of the 

The cost of 

Direct visual surveys require highly skil led biological observers t o  
be effective.  Species identification under water i s  d i f f i c u l t ,  especially 
since f i sh  cannot be handled direct ly  and a l l  identifications have t o  be 
accomplished spontaneously. Fish collections,  however, often are made in 
conjunction with man-in-the-sea techniques t o  provide specimens for  
verification of species identifications.  Total k i l l  of the f ish in a selected 
survey area i s  usually attempted t h r o u g h  the use of ichthyocides or 
explosives. Although ichthyocides provide the best method for  collecting some 
of the small cryptic species, they are  destructive and time-consuming t o  use. 

Photographic and video surveys offer some advantages. They incur 
minimal risk t o  human l i f e  and ,  in t he i r  simplest form, are re la t ively 
inexpensive. Their disadvantages re la te  primarily t o  limited f ie lds  of view, 
which hinder accurate species identification. Surveys of t h i s  type include 
over-the-side television and photographic systems, tethered remotely-operated 
cameras, and cameras mounted on remotely-operated vehicles. Camera systems 
mounted on towed sleds [e.g., Remote Underwater Fisheries Assessment System 
(RUFAS)]  have not  proved t o  be very useful because reef f ish tend t o  avoid 
rapidly-moving vehicles. 
television system lowered from a vessel t o  the bot tom,  could ultimately prove 
useful because i t  can simultaneously image a 360' sphere. An observer placed 
in a hemispherical viewing chamber thus would have an enhanced view of the 
scene as i f  i t  were viewed from a submersible. 

A video scheme, based on a multicamera color 

Analytical methods used for  b o t h  visual and photographic/video surveys 
are generally based on l ine  transect o r  quadrate count theory. 
former, measurements of the location of sighted f ish relat ive t o  a given 
trackline must be accurately estimated. For the l a t t e r ,  counts must be 
reasonably representative of the area surveyed. Water c l a r i t y ,  currents, and 
time o f  day a l l  affect  interpretation of d a t a  and must be considered in the 
analysis. 

For the 
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2.2.3. F i s h  Egg and Larva Surveys 

The assessment o f  t h e  abundance o f  spawning s tocks  o f  f i s h  can be 
accomplished by conduct ing surveys o f  t h e  abundance o f  eggs, la rvae,  and 
j u v e n i l e s .  
stages i n  t h e  l i f e  h i s t o r y  o f  f i s h  and some s h e l l f i s h ,  p e r m i t t i n g  convenient 
sampling w i t h  s imp le  equipment over broad areas. 
surveys a re  more r e l i a b l y  used f o r  h i n d c a s t i n g  (e.g., e s t i m a t i n g  t h e  s i z e  o f  a 
spawning stock t h a t  produced t h e  q u a n t i t y  o f  eggs ascer ta ined from a survey) 
than  f o r  f o r e c a s t i n g  (e.g., p r e d i c t i n g  year -c lass  s t r e n g t h  f rom an es t imated 
q u a n t i t y  o f  eggs o r  1 arvae) . 

Pe lag ic  f i s h  eggs and l a r v a e  a re  t h e  most numerous and vu lne rab le  

Resu l ts  f rom egg and l a r v a e  

The b a s i s  f o r  t h i s  method i s  t o  sample q u a n t i t a t i v e l y  a known volume 
o f  sea water f rom a known area. 
a r i t h m e t i c a l l y  expanded t o  determine t h e  t o t a l  popu la t i on  s ize.  Th is  can then  
be a r i t h m e t i c a l l y  converted t o  t h e  s i z e  o f  t h e  spawning stock i f  f e c u n d i t y  and 
t h e  sex r a t i o  o f  t h e  a d u l t s  a r e  known. D e t a i l s  o f  t h e  procedures a r e  
adequately expl  a ined by Smith and Richardson (1977). 

The number o f  animals caught a r e  t h e n  

I n  t h e  U.S., t h e  most ex tens i ve  surveys have been conducted by 
C a l  i f o r n i a  Cooperat ive Oceanic F i she ry  I n v e s t i g a t i o n s  (CalCOFI) which has 
surveyed t h e  waters f rom t h e  Oregon-Ca l i fo rn ia  border  t o  t h e  t i p  o f  Ba ja  
C a l i f o r n i a  and G u l f  o f  C a l i f o r n i a  s i n c e  1950. These s tud ies  have focused 
p r i n c i p a l l y  on t h e  C a l i f o r n i a  sa rd ine  and no r the rn  anchovy and, t o  a l e s s e r  
ex ten t ,  on P a c i f i c  mackerel, j a c k  mackerel, and rock f ishes .  Smith and 
Richardson (1977, 1979) c i t e  many examples o f  t h i s  work. Ex tens ive  egg and 
l a r v a e  ( i c h t h y o p l  ankton) surveys, which have been bo th  s i n g l e -  and e s p e c i a l l y  
m u l t i s p e c i e s  o r ien ted ,  have been conducted by NMFS i n  t h e  northwest A t l a n t i c  
and i n  t h e  G u l f  o f  Mexico. 
p rov ided  t h e  bases f o r  stock assessments. 

Resu l ts  f rom these surveys have not, however, 

Use o f  surveys i s  wide-spread i n  European waters and i s  used t o  
es t imate  popu la t i on  s i zes  o f  Nor th  Sea h e r r i n g ,  cape l i n ,  cods, and f l a t f i s h  
(Smith and Richardson 1979). 
abundance has been shown f o r  many species, e s p e c i a l l y  t h e  Nor th  Sea h e r r i n g ,  
where l o n g  t i m e  s e r i e s  o f  da ta  a re  a v a i l a b l e  (Postuma and Z i j l s t r a  1974). 

The r e l a t i o n  between s tock  s i z e  and l a r v a l  

Example 13.--1chthyoplankton Survey on Abundance o f  Adu l t  
Spawning F i s h  

T h i s  method assesses t h e  abundance o f  a d u l t  spawning f i s h  s tocks  w i t h  
a shipboard ich thyop lank ton  survey designed t o  measure t h e  d i s t r i b u t i o n ,  
dens i t y ,  and p roduc t i on  r a t e  o f  t h e  spawning products, f i s h  eggs, and la rvae.  

Methods--The survey can be conducted from almost any seaworthy vessel 
equipped w i t h  a hydrographic winch t h a t  can be operated i n  c o o r d i n a t i o n  w i t h  
t h e  vessel speed i n  o rde r  t o  ma in ta in  s t r i c t  standards o f  a q u a n t i t a t i v e  ne t  
tow. 
towed a long an ob l i que  t r a j e c t o r y ,  a l though v e r t i c a l  and h o r i z o n t a l  tows a re  
a l s o  possible.  
The most common ne ts  used by CalCOFI and by NMFS researchers a re  t h e  slow- 
speed b r i d l e  r i n g  ne t  and t h e  p a i r e d  Bongo ne t  f i t t e d  w i t h  e i t h e r  0.333 mm- o r  

The bas i c  p iece  o f  sampling gear i s  a fine-mesh p lank ton  n e t  which i s  

A v a r i e t y  o f  n e t  designs has been developed over t h e  years. 
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0.505 mm-mesh ny lon  nets. 
va r ious  parameters t o  q u a n t i f y  t h e  ne t  tow, such as a cab le  meter t o  measure 
amount o f  w i r e  out, an i n c l i n o m e t e r  t o  measure t h e  w i r e  angle, and a f lowmeter 
t o  measure t h e  volume o f  water  f i l t e r e d .  

A d d i t i o n a l  meters a r e  r e q u i r e d  t o  measure t h e  

The survey p a t t e r n  i s  g e n e r a l l y  designed t o  sample t h e  temporal and 
s p a t i a l  d i s t r i b u t i o n  o f  t h e  spawning d i s t r i b u t i o n  o f  t h e  species be ing  
s tud ied .  Surveys a r e  u s u a l l y  composed o f  m u l t i p l e  c ru i ses ,  f r e q u e n t l y  w i t h  
more t h a n  one research ship, scheduled over t h e  spawning seasons o f  t h e  t a r g e t  
species. 
species ' spawni ng d i  s t r i  b u t  i on. 

S t a t i o n  p a t t e r n s  f o l l o w  a s p e c i f i e d  g r i d  t h a t  encompasses t h e  

The b a s i c  i n f o r m a t i o n  f o r  each sample i s  t h e  number o f  f i s h  eggs o r  

The r e q u i r e d  da ta  f o r  each sample a r e  s t a t i o n  i d e n t i f i c a t i o n ,  
l a r v a e  beneath a u n i t  sea su r face  area (10 square meters i n  t h e  CalCOFI 
example). 
parameter va lues  o f  t h e  n e t  tow, and number o f  f i s h  eggs and la rvae.  The 
CalCOFI program has r e c e n t l y  developed a s o p h i s t i c a t e d  da ta  management system 
whereby these  da ta  a re  compiled, v e r i f i e d ,  and s to red  f o r  f u t u r e  r e t r i e v a l  and 
ana lys is .  

The i ch thyop lank ton  survey can be used t o  assess most marine f i s h e s  
t h a t  have p e l a g i c  eggs and f e e b l y  swimming l a r v a e  d i s t r i b u t e d  throughout t h e  
upper mixed l a y e r s  o f  t h e  ocean. The method, however, r e q u i r e s  t h a t  t h e  
taxonomy o f  t h e  eggs and l a r v a e  be r e l i a b l y  known, and would be e f f e c t i v e  f o r  
species w i t h  demersal o r  h i g h l y  buoyant eggs o n l y  i f  t h e  l a r v a e  a re  
ep ipe lag i c ,  a l though h o r i z o n t a l  neuston tows cou ld  be used t o  sample buoyant 
eggs. Species w i t h  fast-swimming, rap id -growing  l a r v a e  cou ld  p robab ly  n o t  be 
sampled successful  ly. 

A n a l y t i c a l  techniques--Data f rom t h i s  survey can be d i v i d e d  i n t o  f i e l d  
and l a b o r a t o r y  observat ions.  
number, p o s i t i o n ,  date, t ime, e tc .  and document q u a n t i t a t i v e  c h a r a c t e r i s t i  s 
o f  t h e  n e t  tow. The s t a t i o n  standard haul f a c t o r  (SHF, t h e  number o f  10 m 
sea su r face  u n i t s  sampled) i s  c a l c u l a t e d  from t h e  l a t t e r  ne t  tow da ta  by t h e  
equat ion  

F i e l d  da ta  i d e n t i f y  t h e  sample w i t h  s t a t i o n  

5 

SHF = 10 (a'' b'l d )  

where a i s  area o f  t h e  mouth o f  t h e  p lank ton  ne t  i n  square meters, 

b i s  t h e  l e n g t h  o f  t h e  tow i n  meters, 

d i s  t h e  e f f e c t i v e  depth o f  t h e  tow i n  meters. 

b, t h e  l e n g t h  o f  tow, i s  measured by t h e  number o f  r e v o l u t i o n s  o f  t h e  
f lowmeter; d i s  es t imated  from t h e  maximum l e n g t h  o f  w i r e  ou t  and average 
tangent o f  t h e  w i r e  angle taken a t  30-second i n t e r v a l s  over t h e  r e t r i e v a l  o f  
t h e  net. 

I n  t h e  l abo ra to ry ,  t h e  volume o f  p lank ton  i s  measured, and l a r g e  
Tra ined s o r t e r s  separate t h e  samples a r e  f r a c t i o n e d  i n t o  sma l le r  subsamples. 

i ch thyop lank ton  from t h e  r e s t  and i d e n t i f y  and count t h e  eggs and l a r v a e  o f  
t h e  h i g h  p r i o r i t y  species. For  some s tud ies ,  s o r t e r s  may i d e n t i f y  egg 
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development stages o r  may measure l e n g t h  o f  l a r v a e  t o  t h e  nearest  
1/2 m i l l i m e t e r .  
l a r v a e  f o r  which t h e  species name i s  known. 
and l a r v a  counts a re  combined v i a  t h e  s t a t i o n  I D  t o  g i v e  t h e  standard number 
o f  eggs o r  l a r v a e  p e r  s t a t i o n .  

La ter ,  i d e n t i f i c a t i o n  and counts a r e  made f o r  o t h e r  eggs and 
The two da ta  s e t s  o f  SHFs and egg 

Q u a l i t y  c o n t r o l  i s  a ma jor  concern. I n  t h e  CalCOFI case, p lank ton  
ne ts  must c o n t i n u a l l y  be examined f o r  ho les  and f lowmeters a r e  f r e q u e n t l y  
r e c a l i b r a t e d .  Net tows a r e  repeated i f  t h e  f lowmeter f a i l s  d u r i n g  t h e  tow o r  
i f  t h e  w i r e  angle exceeds 51' a t  any t i m e  d u r i n g  t h e  tow. 
i d e n t i f i c a t i o n s  and counts a r e  l a t e r  conf i rmed by i ch thyop lank ton  experts. 
The da ta  management system inc ludes  a s e t  o f  da ta  v e r i f i c a t i o n  programs which 
screen da ta  e r r o r s  and incons is tenc ies .  

P lank ton  s o r t e r s '  

The survey p a t t e r n  should be designed t o  cover t h e  temporal and a rea l  
I f  t h e r e  i s  a 

On t h e  

range o f  t h e  spawning d i s t r i b u t i o n  o f  those species o f  concern. 
m u l t i t u d e  o f  species, as i n  t h e  CalCOFI example, t h e n  c r u i s e s  must be 
scheduled a t  approximate monthly i n t e r v a l s  f o r  almost a y e a r ' s  per iod.  
o t h e r  hand, i f  t h e  o b j e c t i v e s  a r e  t o  assess o n l y  one o r  two dominant species, 
c r u i s e s  can be scheduled f o r  t h e  pr imary  spawning months. 
c r u i s e s  t h e n  depends on t h e  l e n g t h  o f  t h e  spawning season. 

The number o f  

The recommended s t a t i o n  p a t t e r n  i s  a c e n t r i c  sys temat ic  area sample 
A CalCOFI example i s  shown i n  F i g u r e  12. Th is  s t a t i o n  p a t t e r n  meets g r i d .  

t h e  c o n d i t i o n s  f o r  random sampling ( M i l n e r  1959) and i s  conducive t o  e f f i c i e n t  
sh ip  operat ions.  The number o f  samples per  survey needs t o  be l a r g e  enough t o  
apply t h e  c e n t r a l  l i m i t  theorem t o  es t imates  o f  d e n s i t i e s  o f  t h e  f i s h  eggs and 
larvae. 
d e s i r e d  l e v e l  of p rec is ion .  
t a r g e t  sample s i z e  i s  2,000 p lank ton  tows. Fo r  an abbrev ia ted  anchovy survey, 
a sample o f  600 tows i s  adequate. 

The number o f  s t a t i o n s  r e q u i r e d  pe r  survey i s  a ques t i on  o f  t h e  
Fo r  an annual m u l t i s p e c i e s  CalCOFI survey, t h e  

The bas i c  r e s u l t s  produce an egg and l a r v a  survey area d i s t r i b u t i o n  
map o f  t h e  spawning s tock (s ) ,  an es t ima te  o f  t h e  d e n s i t y  o f  eggs o r  l a r v a e  o r  
t h e i r  t o t a l  abundance (egg o r  l a r v a  census es t imate) ,  and/or an es t ima te  o f  
t h e  egg o r  l a r v a  p roduc t i on  ra te .  
i n f o r m a t i o n  on egg and l a r v a  m o r t a l i t y  ra tes .  Analyses o f  egg stage o r  l a r v a  
s ize-frequency data, a long w i t h  know1 edge o f  devel opmental r a t e s  o r  growth 
r a t e s  i n  o r d e r  t o  age staged eggs and s i zed  la rvae,  a r e  a l s o  needed. 

These l a t t e r  es t imates  r e q u i r e  f u r t h e r  

The d e n s i t y  es t imates  i n  terms o f  average number o f  eggs o r  l a r v a e  pe r  
10 m2 sea su r face  area a re  bes t  compiled by reg ions  i f  t h e  p a t t e r n  o f  s t a t i o n s  
i s  n o t  u n i f o r m l y  d i s t r i b u t e d  over t h e  survey area. 
es t imated  C i s  t h e  average 

I n  general,  t h e  d e n s i t y  

n 
C = ( c 

i=l 
SHF Ci) ni 

where C i  i s  t h e  count o f  eggs o r  l a r v a e  pe r  s t a t i o n ,  and ni i s  t h e  number o f  
samples i n  survey r e g i o n  o r  area. The emp i r i ca l  es t ima te  o f  t h e  var iance o f  
d e n s i t y  i s  s u f f i c e n t  i f  t h e  sample s i z e  i s  l a r g e  enough so t h a t  t h e  c e n t r a l  
l i m i t  theorem appl ies.  Usua l l y  t h e  frequency d i s t r i b u t i o n  o f  counts per  
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sample i s  h i g h l y  skewed because of the contagious (or patchy) dis t r ibut ion of 
eggs and larvae i n  the sea. 
i s  required before the probability dis t r ibut ion for  the mean density estimate 
w i  11  be symmetrical. 

Consequently, a large (ca. 100) number of samples 

The census estimate L i s  simply 

L = C o A  

2 where A i s  the s ize  of the survey area i n  10 m sea surface units. 
estimation procedures for  egg and larvae production rates are  considerably 
more complicated. 

The 

For these indices t o  be consistent among years, a number of 
assumptions must hold. 
sample of the spawning products. 
s ta t ion pattern o r  by s t ra t i fying s ta t ions into geographic regions. 
the  time period d u r i n g  which spawning products (eggs and larvae) are 
accessible t o  the gear must be the same year t o  year. 
function of t h e i r  developmental and growth ra tes ,  which in turn are functions 
o f  ambient temperature and food supply. 
parameters occur among years, then correction factors should be derived t o  
a d j u s t  census index appropriately. I f  d i f ferent ia l  size-dependent net 
avoidance or retention occurs, and i f  the average egg stage or s ize  of l a r v a  
varies among years, then a second adjustment may be necessary. Finally, i t  i s  
important t h a t  fecundity or female egg production be consistent among years. 
The resul ts  of a recent histological study of anchovy gonads by Hunter and 
Goldberg (1980) suggest t h a t  female anchovies spawn as frequently as once per 
week. Fecundity, therefore, i s  potentially a dynamic process. 

F i r s t ,  the s ta t ion pattern must provide an unbiased 
This problem can be minimized w i t h  a uniform 

Second, 

T h i s  period i s  a 

I f  large fluctuations i n  these 

Both  the density and census estimates can be used as an index of 
abundance of the spawning s tock(s) .  
estimates provides useful information on the s ta tus  of the resource. 
indices, i n  t u r n ,  can be used indirectly and direct ly  t o  estimate the 
magnitude of the spawning biomass t h a t  produced the eggs and larvae surveyed, 
although additional information is  required. The indirect  method requires a 
second historical  time ser ies  of spawning  biomass estimates derived from other 
independent methods, such as a cohort analysis of fishery catch s t a t i s t i c s .  
I f  the correlation between the two time ser ies  i s  suff ic ient ,  biomass 
predictions can be estimated from the l a t e s t  index value by the regression of 
spawning biomass on egg or larvae index. 

An up-to-date time ser ies  of such 
These 

An extension of t h i s  method was developed t o  estimate the spawning 
biomass of northern anchovies for  the CalCOFI area. I n  t h i s  case, since a 
historical  time ser ies  of anchovy abundance was not available, the existing 
relationship between the larva census estimate and spawning biomass f o r  the 
closely related sardine was used t o  re la te  anchovy larvae t o  anchovy biomass. 
The development of th is  procedure i s  given i n  S m i t h  (1972) and the Northern 
Anchovy F i  shery Management P1 an (Appendix I ,  PFMC 1978). 

The direct  method of estimating spawning biomass ( B )  i s  based on the 
relationship 

B = E/e 
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where E i s  t h e  est imated r a t e  o f  egg p roduc t i on  over t h e  spawning area, and 

e i s  t h e  s tock  fecund i t y  r a t e  o r  t h e  c a p a c i t y  f o r  eggs by a 
u n i t  we igh t  of f i s h  s tock .  

T h i s  i s  determined by t h e  f e c u n d i t y  o f  mature females, expressed as eggs per  
u n i t  t i m e  p e r  u n i t  weight, and t h e  p r o p o r t i o n  by weight o f  t h e  mature stock 
composed o f  spawning females w i t h i n  each u n i t  t i m e  (Smith.and Richardson 
1977). 

P r e l i m i n a r y  a p p l i c a t i o n  o f  t h i s  d i r e c t  es t ima te  has been attempted on 
no r the rn  anchovies i n  t h e  CalCOFI area. 
a re  conducted: 1) t o  es t ima te  d a i l y  egg p roduc t i on  w i t h  p lank ton  tows 
designed s p e c i f i c a l l y  t o  sample anchovy eggs, and 2 )  t o  es t ima te  stock 
f e c u n d i t y  r a t e  w i t h  midwater t r a w l  samples t o  c o l l e c t  female gonads. The 
r e s u l t s  t o  da te  a r e  encouraging (Parker 1980), and f u r t h e r  t e s t i n g  o f  t h e  
sampling procedures and parameter e s t i m a t i o n  a lgo r i t hms  i s  planned. 

I n  t h i s  case, two separate surveys 

2.2.4. Remote Sensing 

2.2.4.1. Acous t ica l  Surveys 

Two acous t i ca l  survey methods have been used by NMFS s c i e n t i s t s  t o  
determine d i s t r i b u t i o n  and abundance c h a r a c t e r i s t i c s  o f  marine f i shes .  These 
i n c l u d e  v e r t i c a l  (echo sounder) surveys, depl o y i  ng f i s h i n g  systems t o  v e r i f y  
t a r g e t s ,  and sonar mapping surveys. Examples o f  each method a re  g iven below. 

Example 14.--Vert ical  Acous t ic  Assessment With Trawl ing  f o r  
Target  V e r i f i c a t i o n  

A t  present, echo sounding i s  t h e  most w ide ly  used hydroacoust ica l  
techn ique f o r  e s t i m a t i n g  q u a n t i t i e s  o f  marine f i s h .  
sound wave downward and processing t h e  rece ived echo s i g n a l s  t o  es t imate  f i s h  
abundance. Equipment design i s  based on hydroacoust ica l  t heo ry  and c u r r e n t  
s c a t t e r i n g  models. The echo s i g n a l s  rece ived  from a f i s h  popu la t i on  may be 
e i t h e r  counted i n d i v i d u a l l y  (echo count ing)  o r  i n t e g r a t e d  ( o r  summed) over a 
se lec ted  i n t e r v a l  o f  t i m e  (echo i n t e g r a t i o n ) .  To perform t h e i r  coun t ing  
f u n c t i o n ,  echo counters  must be a b l e  t o  r e s o l v e  a s i n g l e  t a r g e t  w i t h  respec t  
t o  i t s  ang le  and range. 
s i n g l e - t a r g e t  r e s o l u t i o n  because t h e  r e s u l t i n g  d e n s i t y  es t ima te  i s  a f u n c t i o n  
o f  t h e  rece ived  s igna l  f rom t h e  volume o f  water surveyed. 
swim i n  aggregat ions ( i n  such a manner t h a t  i n d i v i d u a l  echo s i g n a l s  cannot be 
e a s i l y  reso lved) ,  echo i n t e g r a t i o n  i s  t h e  common technique c u r r e n t l y  used. 

It i n v o l v e s  sending a 

Echo i n t e g r a t o r s ,  however, do no t  r e q u i r e  

As most t a r g e t  f i s h  

Methods--The present hydroacoust ica l  system used a t  t h e  Northwest and 
Alaska F i s h e r i e s  Center i s  a p o r t a b l e  r e a l  t ime  d i g i t a l  echo sounder da ta  
processing system designed f o r  echo i n t e g r a t i o n  and d i r e c t  i n - s i t u  t a r g e t  
s t r e n g t h  measurement us ing  a dual beam t ransducer  (Ehrenberg 1974), which has 
been employed s i n c e  1976. Refinements s ince  t h a t  t i m e  have been concerned 
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ma in ly  w i t h  improv ing t h e  s t a b i l i t y  o f  t h e  echo sounder rece ive rs  t o  meet t h e  
requirements o f  t h e  dual  beam measurement method. A l a r g e  (h ighe r  r e s o l u t i o n )  
dual beam t ransducer  i s  a l s o  now used w i t h  t h e  system descr ibed i n  Dark e t  a l .  
(1980), Traynor and Ehrenberg (1979), and Traynor and Nelson (1979). 
i t s  development and a p p l i c a t i o n ,  a major  e f f o r t  has been expended on equipment 
c a l i b r a t i o n  t o  ensure accurate knowledge o f  system parameters. 

Dur ing 

Using t h e  present  system and i t s  predecessors, a survey program 
i n v o l v i n g  approx imate ly  600 days o f  research vessel t i m e  has been conducted 
s ince  1974. Th is  program was i n i t i a t e d  based on exper ience obta ined d u r i n g  
more q u a l i t a t i v e  survey e f f o r t s  conducted du r ing  1966-73. 
a d d i t i o n  t o  he lp ing  meet t h e  needs o f  severa l  o f  NWAFC's s tock assessment 
programs, has fu rn i shed  a va luab le  background f o r  eva lua t i ng  t h e  present  
system. 
i n f o r m a t i o n  on t h e  d i s t r i b u t i o n ,  a v a i l a b i l i t y ,  v u l n e r a b i l i t y ,  and echo 
s ignatures  o f  t h e  impor tant ,  a c o u s t i c a l l y - d e t e c t a b l e  f i s h  s tocks o f  t h e  
nor theas t  P a c i f i c  and eas tern  Ber ing  Sea. Th is  i n f o r m a t i o n  has p r i m a r i l y  been 
de r i ved  from basic,  and l a r g e l y  q u a l i t a t i v e  observat ions,  i.e., t h e  cont inuous 
r e a l  t i m e  examinat ion o f  echogram d i s p l a y s  as w e l l  as t h e  process and r e s u l t s  
o f  midwater t r a w l i n g  operat ions.  One o f  i t s  pr imary values i s  t h a t ,  when used 
i n  con junc t i on  w i t h  a knowledge o f  s tock management requirements and t h e  
c a p a b i l i t i e s  and l i m i t a t i o n s  o f  o t h e r  methods, i t  has prov ided most o f  t h e  
bas i s  f o r  eva lua t i ng  t h e  f e a s i b i l i t y  o f  employing hydroacoust ica l  surveys, 
Surveys have been conducted i n  con junc t i on  w i t h  assessments o f  c e r t a i n  semi- 
pe lag i c  stocks,  such as o f f s h o r e  h e r r i n g  and s h e l f  rock f i sh ,  and major semi- 
demersal stocks, such as P a c i f i c  w h i t i n g  and eas tern  Ber ing  Sea po l lock .  

The f i e l d  work, i n  

O f  equal importance i s  t h e  a c q u i s i t i o n  o f  a l a r g e  amount o f  

A l l  surveys have been conducted d u r i n g  d a y l i g h t  hours because t h e  f i s h  
a re  aggregated and much more c l e a r l y  segregated by species, making d e t e c t i o n  
and i d e n t i f i c a t i o n  more f e a s i b l e .  
systemat ic  t r a n s e c t  pa t te rns  which a re  designed t o  c ross  depth contours and 
maximize t h e  l i k e l i h o o d  o f  encounter ing t h e  t a r g e t  species, There are  l a r g e  
d i f f e r e n c e s  among species types  w i t h  respec t  t o  t h e i r  degree o f  patchiness. 
Therefore,  d i f f e r e n c e s  e x i s t  bo th  i n  t h e  spacing o f  t r a n s e c t s  and i n  t h e  
amount of adapt ive  survey e f f o r t  needed. Th is  a d d i t i o n a l  e f f o r t  i s  beyond 
t h a t  requ i red  f o r  t h e  bas ic  t r a n s e c t  p a t t e r n  necessary t o  d e l i n e a t e  t h e  
d i s t r i b u t i o n s  o f  t h e  stocks. 

Surveys a re  u s u a l l y  c a r r i e d  out  w i t h  

P a c i f i c  w h i t i n g  and, e s p e c i a l l y ,  eas tern  Ber ing  Sea po l l ock  a re  
t y p i c a l l y  found i n  la rge ,  r e a d i l y  d i s t i ngu ished ,  mono-speci f ic  midwater 
"school  s" (aggregat ions o f  schools)  o r i e n t e d  para1 1 e l  t o  depth contours. 
these species, b road ly  spaced z ig-zag t r a n s e c t  pa t te rns  (F ig .  13 and Fig.  14) 
designed t o  p rov ide  r e l a t i v e l y  un i fo rm coverage have been used success fu l l y .  
No a d d i t i o n a l  survey e f f o r t  i s  expended t o  more p r e c i s e l y  de l  i nea te  school 
boundaries. Because o f  t h e  s i z e  o f  schools, i t  i s  i m p r a c t i c a l  t o  a t tempt  t o  
implement t h i s  k i n d  o f  e f f o r t .  However, because survey e f f o r t  has u s u a l l y  
been p a r t i a l l y  d i c t a t e d  by p r a c t i c a l  cons t ra in t s ,  r a t h e r  than by survey 
o b j e c t i v e s  alone, i t  would use fu l  t o  be ab le  t o  examine how changes i n  
t r a n s e c t  spacing a f f e c t  t h e  p r e c i s i o n  o f  abundance est imates.  

The h i g h l y  contagious s p a t i a l  d i s t r i b u t i o n s  o f  P a c i f i c  h e r r i n g  found 
o f f  t h e  Washington-Br i t ish Columbia coast,  and o f  most species o f  r o c k f i s h ,  
r e q u i r e  a s u b s t a n t i a l l y  d i f f e r e n t  survey s t r a t e g y  than t h a t  used w i t h  hake and 

Wi th 
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F i g u r e  13. --A po r t ion  o f  the r e g i o n  covered d u r i n g  1977 P a c i f i c  w h i t i n g  s u r v e y ,  
showing t r a n s e c t s  spaced  a t  10-n.ni. i n t e r v a l s .  
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F i g u r e  1 4 . - - T r a c k l i n e  c o v e r e d  d u r i n g  1979  B e r i n g  Sea w a l l e y e  p o l l o c k  s u r v e y ,  
showing transects s p a c e d  a t  30-n.mi. i n t e r v a l s .  T r a c k l i n e  w a s  
located between 50- and 250-fm i s o b a t h s .  L o c a t i o n s  a re  midwater  
t r a w l  s t a t i o n s ,  i n c l u d i n g  those made d u r i n g  s p e c i a l  s t . u d i e s  of 
A l e u t i a n  B a s i n  p o l l o c k .  
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po l l ock .  Al though t h e r e  a r e  major d i f f e r e n c e s  i n  t h e  c h a r a c t e r i s t i c s  o f  
h e r r i n g  and r o c k f i s h  stocks, t h e y  a r e  a l i k e  i n  t h a t  t hey  occur i n  extremely 
p a t c h i l y - d i s t r i b u t e d  near-bottom schools. 
t h e  bas i c  t r a n s e c t  p a t t e r n  i s  a systemat ic one, i t  i s  e s s e n t i a l  t h a t  t r a n s e c t s  
be  c l o s e l y  spaced, i.e., a t  about 2- t o  4 -mi le  i n t e r v a l s ,  and t h a t  a l a r g e  
p a r t  o f  t h e  a v a i l a b l e  survey t i m e  be spent d e l i n e a t i n g  t h e  d i s t r i b u t i o n  o f  
i n d i v i d u a l  aggregat ions as they  a r e  encountered. Because o f  these 
requirements, surveys o f  t h i s  t y p e  a re  e s s e n t i a l l y  imposs ib le  t o  implement f o r  
broad geographic areas, e.g., those which must be covered d u r i n g  w h i t i n g  and 
po l  1 ock surveys. 

I f  (as  has been t h e  case t o  da te )  

A good example o f  t h i s  t y p e  o f  survey i s  provided by a 1979 survey o f  
h e r r i n g  s tocks  o f f  t h e  n o r t h e r n  Washington-southwest Vancouver I s l a n d  coast. 
Dur ing  t h i s  survey, approximately 25% o f  t h e  t i m e  was used f o r  midwater t r a w l  
sampling, 20% f o r  coverage o f  t h e  systemat ic pa t te rn ,  and 55% f o r  i n t e n s i v e  
survey ing  o f  t h e  few areas where h e r r i n g  were abundant. 
sys temat ic  survey des ign  f o r  h e r r i n g  might be more e f f i c i e n t ,  b u t  i t  i s  
d i f f i c u l t  t o  s p e c i f y  c r i t e r i a  f o r  s t r a t i f i c a t i o n .  

A s t r a t i f i e d  

Survey exper ience w i t h  r o c k f i s h  has c l e a r l y  shown t h a t  hydroacoust ica l  
methods cannot y e t  be u s e f u l l y  a m l i e d  as an assessment method (except i n  t h e  
case o f  t h e  u n i i u e  s h o r t b e l l y ” r o c k f i s h ,  Sebastes e. 
f a c t  t h a t  t h e y  a r e  very  p a t c h i l y  d i s t r i b u t e d ,  t h e  echo s igna tu res  o f  

I n  a d d i t i o n  t o  t h e  

i n d i v i d u a l  species a r e  no t  e a s i l y  recognized, and a re  v e r y . d i f f i c u l t  t o  
d i s c e r n  i n  mixed-species schools. 
shown t h a t  i n t e n s i v e  surveys designed t o  examine t h e  m i c r o d i s t r i b u t i o n  and 
schoo l i ng  behav io r  o f  r o c k f i s h  a r e  needed t o  b e t t e r  d e f i n e  t h e  p o t e n t i a l  o f  
hydroacoust ica l  and o t h e r  survey methods. Recent i n f o r m a t i o n  a l s o  suggests 
t h a t  c e r t a i n  species may be more s u c c e s s f u l l y  surveyed a t  n igh t .  

These, and o t h e r  comp l i ca t i ng  f a c t o r s ,  have 

A n a l y t i c a l  Techniques--The b i c  da ta  c o l l e c t e d  d u r i n g  surveys are  

Whenever 

9 echo biomass d e n s i t y  es t imates  (kg/m ) ob ta ined a t  one-minute i n t e r v a l s  
(0.15 n.mi. a t  9 kno ts )  along survey t r a n s e c t s  f o r  each o f  up t o  
50 t ransducer - re fe renced and 10 bottom-referenced depth s t r a t a .  
poss ib le ,  t h e  es t imates  o f  t a r g e t  s t r e n g t h  used t o  sca le  t h e  b a s i c  echo 
i n t e g r a t o r  ou tpu ts  [which a r e  p r o p o r t i o n a l  t o  dens i t y ]  t o  es t imates  of 
dens i t y ,  a r e  ob ta ined i n - s i t u  us ing  t h e  dual beam measurement method 
(Ehrenberg 1974, Ehrenberg e t  a l .  1976, Traynor and Ehrenberg 1979). 
r a t i o n a l e  f o r ,  and p r a c t i c a l  c o n s t r a i n t s  on, t h e  use o f  t h i s  method a re  
descr ibed by Traynor and Nelson (1979). 
made, a va lue  f o r  t h e  t a r g e t  s t r e n g t h  parameter i s  ob ta ined from t h e  
l i t e r a t u r e  on f i s h  t a r g e t  s t r e n g t h  measurements. 

The d e n s i t y  es t imates  (kg/m3) f o r  each one minute i n t e r v a l  a r e  su med 
over depth i n t e r v a l s  t o  p rov ide  es t imates  o f  a rea l  biomass d e n s i t y  (kg/m ). 
The depth i n t e r v a l s  app rop r ia te  f o r  t h i s  summation and t h e  t r a n s e c t  sec t i ons  
t o  which t h e  a n a l y s i s  i s  con f ined a r e  determined bo th  f rom echogram 
examinat ion  by experienced personnel, and from t h e  r e s u l t s  o f  midwater 
t r a w l i n g .  Midwater t r a w l  samplng, f o r  species i d e n t i f i c a t i o n  and b i o l o g i c a l  
da ta  c o l l e c t i o n  on ly ,  i s  done i n  r e a l  t ime, i.e., d u r i n g  t h e  echo i n t e g r a t o r  
survey per iod ,  w i t h  aimed t r a w l i n g  techniques. 
i n d i v i d u a l  a rea l  biomass d e n s i t y  es t imates  a r e  examined t o  d e f i n e  t h e  

The 

I f  dual  beam measurements cannot be 

!! 

The d i s t r i b u t i o n s  o f  t h e  
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geographic boundaries app rop r ia te  f o r  c a l c u l a t i o n  and e x t r a p o l a t i o n  o f  mean 
d e n s i t y  est imates.  

Because successive d e n s i t y  es t imates  a long t h e  survey t r a n s e c t s  a r e  
s e r i a l l y  c o r r e l a t e d  and t h e r e f o r e  n o t  indepen ent, an es t ima te  o f  t h e  var iance 
o f  t h e  mean which uses t h e  sample variance, S', w i l l  t end  t o  be b iased low. 
To c o r r e c t  f o r  t h i s  bias,  var iance e s t i m a t i o n  methods based on c l u s t e r  
sampling theo ry  a r e  used. Each survey t r a n s e c t  i s  u s u a l l y  t r e a t e d  as a 
c l u s t e r .  
then c a l c u l a t e d  from i n f o r m a t i o n  on t h e  nu b e r  o f  t r a n s e c t s  i n  t h e  area, t h e  

amount o f  w i t h i n - t r a n s e c t  c o r r e l a t i o n ,  S imu la t i on  s t u d i e s  (Wi l l iamson 1979) 
i n d i c a t e  t h i s  var iance es t ima te  i s  unbiased. 

The est imated var iance o f  t h e  mean d e n s i t y  f o r  a d e f i n e d  area i s  

average number o f  one-minute d e n s i t y  (kg/m h ) es t imates  pe r  t ransec t ,  and t h e  

The t o t a l  biomass es t imate  and i t s  va r iance  f o r  t h e  r e g i o n  surveyed 
a r e  c a l c u l a t e d  by combining t h e  es t imates  f o r  those areas d e f i n e d  d u r i n g  
a n a l y s i s  o f  t h e  data. 
s p e c i f i e d  change i n  average t a r g e t  s t r e n g t h  can be e a s i l y  ca l cu la ted ,  i t  i s  
n o t  y e t  p r a c t i c a l  t o  at tempt t o  determine e x p l i c i t l y  t h e  var iance o f  t h i s  
parameter. 

Al though t h e  e f f e c t  on biomass es t imates  o f  any 

I t s  probable range o f  values, however, can u s u a l l y  be estimated. 

Example 15.--Sonar Mapping Acoust ica l  Surveys 

The sonar mapping method (Smith 1970) o f  s tock  assessment i s  a 
shipboard acous t i ca l  survey o f  t h e  upper mixed l a y e r  o f  t h e  ocean w i t h  a 
h o r i z o n t a l  sonar beam d i r e c t e d  perpend icu la r  t o  t h e  s h i p ' s  path. Th is  
technique prov ides  a count o f  t h e  number o f  p e l a g i c  f i s h  schools pe r  u n i t  area 
and a measure o f  t h e i r  h o r i z o n t a l  dimensions; together ,  t hese  p rov ide  an index 
o f  f i s h  biomass. 
(1976), H e w i t t  e t  a l .  (1976), and Mais (1974). 

equipped w i t h  c a l i b r a t e d  sonar e l e c t r o n i c s  and midwater t r a w l  gear. The 
sampling gear i n  t h i s  case i s  an acous t i c  beam d i r e c t e d  h o r i z o n t a l l y  on an 
a x i s  pe rpend icu la r  t o  t h e  fo rward  d i r e c t i o n  o f  t h e  vessel. 
systems developed by CalCOFI programs w i t h  NMFS and C a l i f o r n i a  Department o f  
F i s h  and Game (CF&G) use 30 kHz sonars. 
considered t o  be f i s h  schools. 
species compos i t ion  o f  t h e  upper mixed laye r .  

The d e t a i l s  o f  t h i s  method have been documented by H e w i t t  

Methods--The r e q u i r e d  survey p l a t f o r m  i s  a seaworthy research vessel 

The sonar mapping 

The echo r e t u r n s  i n  most cases a r e  
Midwater t r a w l  gear i s  used t o  sample t h e  

Because o f  t h e  h i g h l y  patchy s p a t i a l  d i s t r i b u t i o n  o f  p e l a g i c  f i s h  
schools, a survey g r i d  scheme o f  20' squares i s  recommended by CF&G. 
vessel  t r a v e l s  along t r a n s e c t s  t h a t  a r e  spaced 6 t o  20 m i l e s  apa r t  and c ross  
each g r i d .  
f i s h  predominant ly form i n t o  schools and when t h e  deep s c a t t e r i n g  l a y e r  i s  a t  
maximum depth. 
school concen t ra t i ons  a t  n i g h t  when f i s h  a r e  most vu lne rab le  t o  capture. 

The pr imary  measurements o f  each observed f i s h  school a re  i t s  l o c a t i o n  
i n  t h e  h o r i z o n t a l  p lane and i t s  diameter along t h e  a x i s  o f  t h e  sonar beam. 
Any i n f o r m a t i o n  f rom v i s u a l  observa t ions  o r  f rom t h e  v e r t i c a l  echo sounder on 
species, school th ickness ,  f i s h  s ize ,  behavior,  and predators  i s  a l s o  
recorded. C o l l e c t i v e l y ,  t h e  measurements y i e l d  t h e  number and su r face  area o f  

The 

The vessel operates a t  9 t o  12 kno ts  d u r i n g  d a y l i g h t  hours when 

Midwater t r a w l  samples a r e  taken i n  areas o f  t h e  g rea tes t  f i s h  
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f i s h  schools per  u n i t  area, t h e  geographic d i s t r i b u t i o n  o f  f i s h  schools w i t h i n  
t h e  survey area, and t h e  frequency d i s t r i b u t i o n  o f  f i s h  school s izes.  

Acous t ic  echoes o f  f i s h  schools can be recorded on sonar paper o r  
magnetic tape. 
counts  and measures school dimension i n  t h e  l a b o r a t o r y  a t  t h e  end o f  t h e  
survey. 
processor t h a t  i n t e r p r e t s  acous t i ca l  echoes, and t h e  s i z e  and i n t e n s i t y  o f  t h e  
school i s  recorded on magnetic tape. 

CF&G (Mais 1977) r o u t i n e l y  uses paper records and manually 

NMFS (Hewi t t  e t  a l .  1976) developed a p ro to type  computerized data 

The side-scanning method o f  sonar mapping was developed t o  de tec t ,  
w i t h  acous t i ca l  sensing, compact f i s h  schools r e s i d i n g  i n  t h e  upper sur face  
l a y e r  o f  t h e  ocean. The usual v e r t i c a l  echo sounding method was found t o  be 
an i n e f f i c i e n t  acous t i ca l  sampler f o r  such f i s h  schools as no r the rn  anchovy i n  
t h e  CalCOFI area because t h e  schools tend  t o  avo id  sh ips and t h e  volume o f  t h e  
i n s o n i f i e d  water  cone, through which t h e  sound i s  emi t ted,  i n  t h e  sur face  
l a y e r s  i s  smal l .  

Sonar mapping i s  most e f f e c t i v e  f o r  a species t h a t  i s  t h e  dominant 
schoo l ing  f i s h  i n  t h e  upper mixed layer .  
non-random d i s t r i b u t i o n ,  should p r e f e r a b l y  be smal l  and sca t te red  over a wide 
area. The a d u l t  schools must occur i n  pe lag i c  waters where t h e  bottom depth 
exceeds 50 fathoms; otherwise, t h e  r e t u r n  echo from t h e  bottom w i l l  mask any 
echo from an i n s o n i f i e d  school. Good weather c o n d i t i o n s  are  necessary t o  
m a i n t a i n  a steady h o r i z o n t a l  acous t i ca l  beam unless t h e  vessel i s  equipped 
w i t h  a s t a b i l i z i n g  t ransducer.  I n  add i t i on ,  a mixed l a y e r  i s  d e s i r a b l e  t o  
min imize beam d i s t o r t i o n s  t h a t  r e s u l t  f rom r e f r a c t i o n  o f  t h e  beam by changes 
i n  water d e n s i t y  a t  t h e  thermocl ine.  
schoo l ing  behavior  can change q u i t e  r a p i d l y ,  these c o n d i t i o n s  a re  best  met 
d u r i n g  d a y l i g h t  hours i n  t h e  w i n t e r  spawning months when schools a re  t h e  
smal les t  and most w ide ly  scat tered,  and when t h e  upper mixed l a y e r  has i t s  
maximum th ickness.  

Schools, which w i l l  have a patchy 

I n  t h e  case o f  no r the rn  anchovies, whose 

A n a l y t i c a l  techniques--The bas i c  observat ions o f  t h e  sonar mapping 
method a re  counts o f  f i s h  schools and measure o f  t h e  h o r i z o n t a l  dimension i n  
meters o f  t h e  de tec ted  schools. Data on species i d e n t i f i c a t i o n ,  school 
th ickness ,  and f i s h  d e n s i t y  w i t h i n  a de tec ted  school must be made by o t h e r  
means. I n  p rac t i ce ,  species i d e n t i f i c a t i o n  i s  determined s u b j e c t i v e l y  by 
examinat ion o f  t h e  acous t i ca l  record  by exper ienced personnel. They a l s o  
supplement t h i s  d e c i s i o n  w i t h  v i s u a l  observa t ion  notes and midwater t r a w l  
catches i n  t h e  general v i c i n i t y .  For  t h e  moment, a p r a c t i c a l  survey method 
does no t  e x i s t  f o r  de termin ing  f i s h  d e n s i t y  w i t h i n  a detected school. An 
underwater photographic procedure has been developed and purse se ine captures 
o f  i n s o n i f i e d  schools have been done, b u t  school compaction and est imates o f  
school compaction are  bo th  extremely v a r i a b l e  and these data g i v e  a wide range 
o f  values. Graves (1977) est imated d e n s i t i e s  o f  50 t o  366 f ish/m3 us ing  
f ree - fa1  1 cameras t o  take  p i c t u r e s  o f  f i s h  schools. Hew i t t  e t  a l .  (1976) 
est imated values t h a t  ranged from 0.52 t o  533 f ish/m3 from catches o f  a purse 
se iner .  School th ickness  can be measured from acous t i ca l  records o f  schools 
de tec ted  by an echo sounder. For  most surveys, t h i s  sample w i l l  be smal l  and 
i s  q u i t e  l i k e l y  inaccura te  because f i s h  tend t o  avoid t h e  ships.  
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Another bas i c  observa t ion  i s  t h e  measure o f  t h e  e f f e c t i v e  range 
i n t e r v a l  o f  t h e  sonar beam i n  which 100% o f  a l l  f i s h  schools can be 
a c o u s t i c a l l y  detected. I n  p r a c t i c e ,  t h e  e f f e c t i v e  range i n t e r v a l  f o r  each 
t r a n s e c t  i s  assigned upon i n s p e c t i o n  of t h e  sonar records. 
equipment, t h i s  range i s  normal ly  f rom 200 t o  1,000 meters (Mais 1977). 
d e t e c t i o n  range f r e q u e n t l y  changes as a r e s u l t  o f  r e f r a c t i o n  o f  t h e  sonar beam 
by i n t e r n a l  waves and changes i n  t h e  thermal s t r a t i f i c a t i o n  o f  t h e  water 
column. 
p rov ide  q u a n t i t a t i v e  c r i t e r i a  f o r  s e t t i n g  t h e  e f f e c t i v e  range, b u t  t h i s  
technique has no t  been implemented. 
school s i z e  ca tegor ies .  
p r o b a b i l i t y  o f  school d e t e c t i o n  dec l i nes  as t h e  d i s t a n c e  from t h e  s h i p  
increases and as t h e  school s i z e  decreases. 
s i g n a l  and associated echo decays as i t  passes th rough water. 
t h e  problem o f  e s t i m a t i n g  e f f e c t i v e  pa th  w i d t h  f o r  l i n e  t r a n s e c t  surveys. The 
e s t i m a t i o n  procedures f o r  l i n e  t r a n s e c t  t heo ry  should be a p p l i e d  t o  e s t i m a t i o n  
f o r  e f f e c t i v e  range i n t e r v a l s .  

Depending on t h e  
Th is  

Smith (1977) developed a sound v e l o c i t y  p r o f i l e  scheme which would 

The e f f e c t i v e  range i n t e r v a l  v a r i e s  f o r  
Beyond some t h r e s h o l d  d i s tance  from t h e  ship,  t h e  

The s t r e n g t h  o f  t h e  acous t i ca l  
Th i s  p a r a l l e l s  

Q u a l i t y  c o n t r o l  f o r  sonar mapping surveys has two aspects. F i r s t ,  
p e r i o d i c  c a l i b r a t i o n  o f  t h e  sonar e l e c t r o n i c s  and t ransducer  i s  impor tan t  t o  
m a i n t a i n  s igna l  and echo q u a l i t y  t h a t  o therw ise  may d e t e r i o r a t e  over  time. 
Second, research  c r u i s e s  should be scheduled t o  c o i n c i d e  w i t h  t h e  most 
favo rab le  f i s h  school behav io r  and hydrographic c o n d i t i o n s  t o  minimize t h e  
impact o f  environmental v a r i a b i l i t y  on t h e  annual stock assessment. 

Survey des ign  c r i t e r i a  cons ider  t h r e e  main cond i t i ons :  patchy 

Because o f  t h e  h i g h l y  
non-random d i s t r i b u t i o n  o f  schools (Smith 1977), school f o rma t ion  i n  day1 i g h t  
hours, and season f o r  bes t  environmental cond i t i ons .  
contagious d i s t r i b u t i o n  o f  f i s h  schools, t h e  survey area should be d i v i d e d  
us ing  t h e  g r i d  system. 
t h a t  e m p i r i c a l  var iance es t imates  can be c a l c u l a t e d  f o r  t h e  mean number o f  
schools pe r  square m i le .  
frequency o f  schools. 
averaged f o r  each g r i d ,  and t h e  g r i d  summaries added toge the r  t o  o b t a i n  t h e  
t o t a l  s t a t i s t i c s  f o r  t h e  survey region. I n  t h e  CalCOFI example, sonar mapping 
can e a s i l y  sample i n  a s i n g l e  survey as much as 2 o r  3% o f  t h e  sea su r face  
area c o n t a i n i n g  a major  p o r t i o n  of t h e  c e n t r a l  subpopu la t ion  o f  n o r t h e r n  
anchovies. 

A t  l e a s t  two t r a n s e c t s  should t ransve rse  each g r i d ,  so 

More t r a n s e c t s  should be r u n  i n  g r i d s  w i t h  h igh  
The da ta  a re  then  computed by t ransec ts ,  t h e  t r a n s e c t s  

The pr imary  parameter es t imated  pe r  t r a n s e c t  i s  t h e  number o f  f i s h  
schools per  square m i l e  and t h e  average school d iameter i n  meters. Empi r i ca l  
es t imates  o f  va r iance  can be ca l cu la ted .  From these data, es t imates  o f  schoo 
s u r f a c e  area i n  each g r i d  can be estimated, assuming c i r c u l a r  school shapes. 
I n  p r a c t i c e ,  where school t h i ckness  measures a r e  t o o  few i n  number and ac tua l  
f i s h  packing d e n s i t y  es t imates  a r e  l a c k i n g  a l toge the r ,  expansion o f  t h e  schoo 
su r face  area i n t o  biomass es t imates  i s  u n r e l i a b l e .  

2.2.4.2. Other Remote Sensing Methods 

A number o f  o t h e r  remote sensing techniques have been experimented 
w i t h  and a r e  occas iona l l y  used i n  e x p l o r a t o r y  f i s h i n g  surveys. 
techniques can be d i v i d e d  i n t o  two types. 
i n v o l v i n g  d e t e c t i o n  and enumeration o f  i n d i v i d u a l s  o r  groups o f  animals (e.g., 

These 
The f i r s t  i s  o f  a d i r e c t  form 
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f i s h  schools)  and p lan ts .  The second t ype  i n v o l v e s  remote measurements o f  
s p e c i f i c  phys i ca l  o r  b i o l o g i c a l  parameters o t h e r  than  those d i r e c t l y  
assoc ia ted  w i t h  t h e  animal o r  p l a n t  o f  i n t e r e s t ,  which may t h e n  be used t o  
i n f e r  t h e  d e s i r e d  i n fo rma t ion ,  such as t h e  presence o r  absence o f  a c e r t a i n  
species o f  f i s h .  
remote sensing p l a t f o r m  used, e.g., s a t e l l i t e ,  a i r c r a f t ,  o r  vessel, and i n t o  
pass ive  and a c t i v e  forms depending on how t h e  sensor i s  coupled t o  t h e  
phenomenon be ing  sensed. 
form t h e  b a s i s  o f  impor tan t  assessment a c t i v i t i e s  b u t  can o f f e r  t e c h n i c a l  
o p p o r t u n i t i e s  t o  extend assessment methods. 

O f  t h e  d i r e c t  forms o f  remote sensing, a e r i a l  photography i s  probably 
t h e  most commonly used technique f o r  stock assessment. I t  has been used 
e x t e n s i v e l y  f o r  surveys o f  coas ta l  p e l a g i c  species i n  t h e  n o r t h e r n  G u l f  o f  
Mexico and, more recen t l y ,  t o  augment surveys o f  do lph ins  i n  t h e  P a c i f i c  and 
sea ls  and whales i n  t h e  northwest (Kemmerer 1979, 1980). To be e f f e c t i v e ,  
however, a e r i a l  photography must be designed f o r  a p a r t i c u l a r  a p p l i c a t i o n ,  
because h i g h  sun angles, o p t i c a l  p r o p e r t i e s  o f  t h e  water, and t h e  c o l o r  
s i g n a t u r e  o f  t h e  animal be ing  sensed must be considered t o  ensure meaningful 
r e s u l t s .  M u l t i s p e c t r a l  photography has proved very  use fu l  f o r  t h i s  
a p p l i c a t i o n  s ince  i t  prov ides  d e f i n i t i v e  i n f o r m a t i o n  on bes t  f i l m  and f i l t e r  
combinat ions f o r  t h e  s p e c i f i c  c o n d i t i o n s  expected d u r i n g  assessment surveys. 

These two types  can be f u r t h e r  ca tegor i zed  according t o  t h e  

Most o f  t h e  remote sensing methods do no t  c u r r e n t l y  

A ma jor  advantage o f  a e r i a l  photography i s  t h a t  i t  prov ides  a 
permanent reco rd  which can be analyzed i n  a l abo ra to ry .  
use fu l  i n f o r m a t i o n  f rom s i g n i f i c a n t l y  g r e a t e r  water depths under environmental 
c o n d i t i o n s  no t  p o s s i b l e  w i t h  t h e  naked eye. 
normal ly  i s  done on v iewing  devices which en la rge  t h e  scene from t h r e e  t o  
f o r t y  t imes. 

It can a l s o  p rov ide  

Photographic i n t e r p r e t a t i o n  

Another form of d i r e c t  remote sensing i s  p rov ided th rough t h e  use o f  
l o w - l i g h t - l e v e l  image i n t e n s i f i e r s  which amp1 i f y  t h e  bioluminescence caused by 
f i s h  a g i t a t i n g  c e r t a i n  forms o f  plankton. Th is  bioluminescence encases f i s h  
schools w i t h  a f a i n t  l i g h t  which, when a m p l i f i e d  s u f f i c i e n t l y  w i t h  an image 
i n t e n s i f i e r ,  can be d i sp layed  on a v ideo mon i to r  and recorded on v ideo tape. 
These systems have been used e f f e c t i v e l y  i n  t h e  southeast r e g i o n  f o r  surveys 
o f  menhaden and o t h e r  coas ta l  pe lag ics ,  and a re  be ing  used commercial ly f o r  
t a c t i c a l  d i r e c t i o n  o f  f i s h i n g  opera t ions  and assessment o f  t h e  harves t  
p o t e n t i a l  o f  se lec ted  p e l a g i c  species (Roithmayr 1971). T h e i r  p r i n c i p a l  
l i m i t a t i o n s  r e l a t e  t o  species i d e n t i f i c a t i o n ,  l i m i t e d  water p e n e t r a t i o n  
(a l t hough  s u b s t a n t i a l l y  g r e a t e r  t han  t h a t  p o s s i b l e  w i t h  t h e  naked eye), p o o r l y  
de f i ned  r e l a t i o n s h i p s  between f i s h  school sur face  area and biomass, and 
l i m i t e d  o p e r a t i o n  a t  n i g h t  d u r i n g  dark-of-the-moon periods. 

Another form of d i r e c t  remote sensing i s  p rov ided by t h e  unmanned 
submersibles developed by NMFS which a re  p e r i o d i c a l l y  used f o r  assessment o f  
b e n t h i c  animals. These submersibles a re  considered remote sensing systems 
because t h e y  r e l y  on photography, t e l e v i s i o n ,  o r  both, f o r  da ta  a c q u i s i t i o n .  
They a r e  o f  two types: those sledded o r  those f l own  across t h e  bottom. Both 
types  a r e  towed by research vessel s. 

Examples o f  f l o w n  systems i n c l u d e  Remote Underwater F i  she r ies  
Assessment Systems-I and -11 (RUFAS-I and -11). The RUFAS-I c o n s i s t s  o f  a 
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towed submerged p la t fo rm equipped w i t h  1 i gh ts ,  t e l e v i s i o n  and photographic 
cameras, and acous t ic  t ransducers (Se ide l  1970). It i s  f l own  about 1 m above 
t h e  ocean f l o o r  by system opera tors  us ing  acous t i ca l  s i g n a l s  and t e l e v i s i o n  
images t o  r e g u l a t e  f l i g h t .  
southeast coast  o f f  t h e  Un i ted  Sta tes  f o r  photographic surveys of c a l i c o  
sca l  1 op (Argopecten 9 i  bbus) . 
used f o r  sensors ope ra t i ng  i n  spacecraf t .  Because o f  t h e  l a c k  o f  s p a t i a l  
r e s o l u t i o n  prov ided by spacecra f t  sensors, most marine animals cannot be 
detected. Consequently, i n v e s t i g a t o r s  have concentrated on remote 
measurements o f  oceanographic parameters assumed t o  i n f l u e n c e  t h e  d i s t r i b u t i o n  
and abundance o f  marine animals. S a t e l l i t e  forms o f  remote sensing, however, 
a r e  no t  used s i g n i f i c a n t l y  f o r  resource assessment a l though a number o f  
experiments which show p o t e n t i a l  have been completed o r  a re  under way. 

The system has been used e x t e n s i v e l y  of t h e  

RUFAS-I I i s no t  opera t iona l .  

I n d i r e c t  forms o f  remote sensing f o r  stock assessment a r e  genera l l y  

The remote measurement o f  sea sur face  temperature i s  s u f f i c i e n t l y  
advanced so t h a t  i t  can be considered opera t iona l  f rom s a t e l l i t e s  and 
a i r c r a f t .  
and abso lu te  accurac ies o f  about l.O°C, a re  poss ib le  w i t h  improved thermal 
scanners such as those aboard TIROS. 
measurements r e l a t e  t o  s p a t i a l  r e s o l u t i o n  ( o n l y  about 1 km) and c loud  cover. 
With sensors ope ra t i ng  i n  t h e  microwave reg ion  o f  t h e  e lect romagnet ic  
spectrum, however, c loud cover  problems disappear. Unfor tunate ly ,  t h e r e  a re  no 
opera t iona l  microwave temperature sensors aboard any s a t e l l i t e s ;  t h e  ones 
which have been used exper imenta l l y  i n d i c a t e  t h a t  s p a t i a l  r e s o l u t i o n s  o f  25 km 
a r e  t h e  bes t  t o  be expected w i t h i n  t h e  next  decade. A i r c r a f t  thermal sensors 
a re  no t  s p a t i a l l y  l i m i t e d  i n  r e s o l u t i o n  as r e s o l u t i o n  can be v a r i e d  by 
changing t h e  sensor o r  a i r c r a f t  a l t i t u d e .  

Temperature g rad ien t  measurements approaching 0.1OC i n  s e n s i t i v i t y  

The p r i n c i p a l  problems w i t h  s a t e l l i t e  

Sea sur face  temperature measurements w i t h  remote sensors a re  no t  used 
s i g n i f i c a n t l y  by NMFS f o r  s tock assessment purposes a l though they  a re  used by 
west coast  f isherman as a t a c t i c a l  a i d  f o r  t h e i r  f i s h i n g  operat ions.  An 
exper imental  program was i n i t i a t e d  i n  1975 by t h e  Nat iona l  Envi ronmental 
Sate1 1 i t e  Serv ice  (NESS) and Sea Grant f o r  de l  i v e r i n g  sate1 1 i t e - d e r i v e d  
temperature i n f o r m a t i o n  on coho salmon (Oncorh nchus k i s u t c h ) ,  chinook (0. 
tshawytscha) , and a1 bacore (Thunnus a1 al'*hermen. The primary- 
sensor used was a very h igh  m i o n  rad iometer  (VHRR) operated from NOAA-5. 
The experiment r e p o r t e d l y  has been successful  and i s  r e c e i v i n g  s t rong  support  
f rom f ishermen ( J u r i c k  1977). I n  a s i m i l a r  experiment, sea sur face  
temperatures obta ined from a i r c r a f t  were successfu l  l y  used t o  he1 p f i  shermen 
l o c a t e  coho salmon w i t h i n  a r e l a t i v e l y  smal l  coas ta l  area (Wr ight  e t  a l .  
1976). On t h e  east  coast,  temperature c h a r t s  a re  mai led  t o  l o n g l i n e  f ishermen 
by NESS f o r  waters f rom Georges Bank south i n t o  t h e  G u l f  o f  Mexico. 
c h a r t s  r e p o r t e d l y  a re  used by t h e  f ishermen t o  l o c a t e  concent ra t ions  o f  
sword f ish  (X iph ias  w. 
two NASA exper imental  s a t e l l i t e  systems -- LandSat and Nimbus-7 -- and appears 
t o  be use fu l  f o r  i n f e r r e d  measurements o f  c h l o r o p h y l l  and t u r b i d i t y ,  
i n f o r m a t i o n  on c u r r e n t  systems and water mass boundaries, environmental  and 
p o l l u t i o n  s tud ies ,  and f o r  i n f e r r e d  d i s t r i b u t i o n  p a t t e r n s  o f  some pe lag i c  
school i ng f i s h .  

These 

Ocean c o l o r  remote sensing i s  c u r r e n t l y  a v a i l a b l e ,  p r i n c i p a l l y  f rom 



-67- 

Several i n v e s t i g a t i o n s  have been r e c e n t l y  completed o r  a r e  under way 
The which emphasize ocean c o l o r  measurements f rom spacecra f t  and a i r c r a f t .  

LandSat Menhaden and Thread H e r r i n g  I n v e s t i g a t i o n  was conducted from 1975 t o  
1977 i n  t h e  n o r t h e r n  G u l f  o f  Mexico t o  determine how remote ly  sensed da ta  
cou ld  be used i n  assessment and harves t  app l i ca t i ons .  
p r imary  t a r g e t  species. 
o f  t hese  f i s h  cou ld  be i n f e r r e d  from LandSat m u l t i s p e c t r a l  scanner da ta  w i t h  
accurac ies  approaching 90% (Kemmerer 1979, 1980). 

Menhaden was t h e  
The i n v e s t i g a t i o n  demonstrated t h a t  t h e  d i s t r i b u t i o n  

Probably t h e  most s i g n i f i c a n t  sensor f o r  ocean c o l o r  remote sensing i s  
t h e  Nimbus-7 Coastal Zone Co lo r  Scanner (CZCS). 
s p e c i f i c a l l y  f o r  i n f e r r e d  measurements o f  c h l o r o p h y l l  and t u r b i d i t y .  Good 
r e s u l t s  a l ready  have been achieved a l though t h e  s a t e l l i t e  da ta  have been very 
1 i m i t e d  due t o  un re la ted  da ta  processing problems. 

Th is  sensor i s  designed 

I n  1979, NMFS i n i t i a t e d  a remote sensing program t o  eva lua te  t h e  
use fu lness  o f  remote c o l o r  measurements f o r  enhancing understandings o f  marine 
ecosystem dynamics r e l a t e d  t o  f i s h e r i e s .  Th is  program, r e f e r r e d  t o  as Large 
Area Marine P o l l u t i o n  Experiment (LAMPEX) , i n i t i a l l y  re1  i e d  on a i r c r a f t  
sensors bu t ,  due t o  t h e  demonstrated success o f  CZCS, has begun t o  emphasize 
t h e  s a t e l l i t e  sensor f o r  measurements o f  c h l o r o p h y l l  and p o s s i b l y  t u r b i d i t y .  
An expansion o f  LAMPEX i n t o  t h e  southeast r e g i o n  c u r r e n t l y  i s  be ing  considered 
so t h a t  mar ine  ecosystems unique t o  each area can be compared and improved 
understandings r e l a t e d  t o  f i s h e r i e s  can be developed. 

Remote measurement o f  su r face  c u r r e n t s  i s  a very  d i f f i c u l t  observa t ion  
t o  make remotely. The most successful  technique a v a i l a b l e  i s  used o n l y  
exper imen ta l l y  and i s  based on remote measurements f rom shore s t a t i o n s  
( B a r r i c k  e t  a l .  1974). Radar s i g n a l s  a r e  t r a n s m i t t e d  f rom t h e  shore s t a t i o n  
and s c a t t e r e d  by ocean waves. The waves a c t  as t r a c e r s  o f  superimposed 
c u r r e n t s  due t o  s l i g h t  v e l o c i t y  changes i n  t h e  waves caused by t h e  cur ren ts .  
The techn ique w i l l  p rov ide  c u r r e n t  da ta  on a 3-km by 3-km g r i d  t o  a range o f  
about 70 km from shore. 
p o s i t i o n  and 10 cm/sec rms f o r  c u r r e n t  speed. 

E r r o r  es t imates  a r e  about 3 degrees i n  azimuthal 

There appear t o  be several  methods t o  determine su r face  c i r c u l a t i o n  
w i t h  s a t e l l i t e - s u p p o r t e d  sensors. None, however, w i t h  t h e  p o s s i b l e  except ion  
o f  s a t e l l i t e - l i n k e d  d r i f t i n g  buoys, i s  opera t iona l .  These methods i n c l u d e  t h e  
use o f  water c o l o r  d i f f e r e n c e s  i n  near-shore areas t o  compute c i r c u l a t i o n ,  
m o n i t o r i n g  thermal f r o n t s  such as t h e  G u l f  Stream w i t h  i n f r a r e d  measurements, 
t h e  use o f  r a d a r  a l t i m e t r y  as a measure o f  su r face  geos t roph ic  set-up, and 
de termin ing  su r face  wind s t r e s s  and i t s  i n c o r p o r a t i o n  i n  c a l c u l a t i o n s  o f  
Eckman t ranspor t .  The accuracy o f  these var ious  methods i s  no t  known, 
a l though i t  i s  l i k e l y  t h a t  o n l y  t h e  more energe t i c  and d iscont inuous  f l ows  
w i l l  be measurable from space w i t h  use fu l  p rec i s ion .  

A spec ia l  form o f  remote sensing i s  be ing  used f o r  s tud ies  o f  t h e  
movement and d i s t r i b u t i o n  p a t t e r n s  o f  marine mammals and sea t u r t l e s .  Th is  
form r e q u i r e s  attachment o f  a small  t r a n s m i t t e r  t o  an animal f o r  t ransmiss ion  
t o  a r e c e i v e r  l o c a t e d  i n  a su r face  vessel, a i r c r a f t ,  o r  spacecraf t .  I n  s a l t  
water, t h e  t r a n s m i t t e r  antenna must be above t h e  water sur face  f o r  e f f e c t i v e  
use. The l i m i t e d  range o f  most r a d i o  t r a n s m i t t e r s  f o r  animal t r a c k i n g  has 
prompted i n v e s t i g a t o r s  t o  beg in  development of t r a n s m i t t e r s  which can be 
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1 ocated by sate1 1 i t e s  (Gandy e t  a1 . 1977). Devel opmental e f f o r t s  have focused 
on t h e  Random Access Measurement System (RAMS) on Nimbus-6 and, more recen t l y ,  
on t h e  ARGOS system aboard TIROS. 
they  enable s u i t a b l e  t r a n s m i t t e r s  t o  be l o c a t e d  several  t imes a day w i t h  
accuracies approaching a few k i lometers .  

Both s a t e l l i t e  systems a r e  s i m i l a r  i n  t h a t  

S a t e l l i t e  t r a c k i n g  o f  marine animals has several  l i m i t a t i o n s .  The 
most obvious o f  these i s  t h a t  t h e  animal must su r face  d u r i n g  a pass o f  t h e  
r e c e i v i n g  s a t e l l i t e  t o  be located. The t r a n s m i t t e r s  a l s o  a r e  r e l a t i v e l y  l a r g e  
and heavy, which l i m i t s  t h e i r  a p p l i c a t i o n  t o  t h e  l a r g e r  marine animals. 
F i n a l l y ,  t h e  t r a n s m i t t e r s  a re  r e l a t i v e l y  expensive, c o s t i n g  i n  excess o f  
$3,000 each. 
s a t e l l i t e - s u p p o r t e d  r e c e i v e r s  may h e l p  t o  reduce t h e  s i z e  and cos t  o f  these 
systems, a l though i t  i s  u n l i k e l y  t h a t  any s i g n i f i c a n t  advances w i l l  be 
a v a i l a b l e  f o r  general a p p l i c a t i o n  f o r  a t  l e a s t  5 years. 

S i g n i f i c a n t  advances i n  t r a n s m i t t e r  des ign  and i n  t h e  

2.2.5. Environmental I n d i c e s  

The use o f  marine environmental i n f o r m a t i o n  i n  assessment o f  t h e  
abundance and d i s t r i b u t i o n  o f  marine f i s h  popu la t i ons  i s ,  i n  i t s e l f ,  a 
deve lop ing  science. Frequent ly,  environmental i n f o r m a t i o n  i s  o f f e r e d  as a 
p o s s i b l e  exp lanat ion ,  i n  a q u a l i t a t i v e  sense, o f  observed t rends  i n  stock 
abundance o r  f i s h e r y  success and, i n  p a r t i c u l a r ,  t o  changes i n  recru i tment ,  
s tock  d i s t r i b u t i o n ,  growth, o r  m o r t a l i t y  ra te .  
broad range o f  b i o t i c  a c t i v i t y  i n c l u d i n g  behavior,  d i s t r i b u t i o n  pa t te rns ,  
a c c e s s i b i l i t y ,  e tc .  The c o l l e c t i o n  and e v a l u a t i o n  o f  such i n f o r m a t i o n  vary  
widely,  as do a n a l y t i c  eva lua t ions .  
environmental i n d i c e s  i n t o  stock assessment models i s  i n  t h e  t h e o r e t i c a l  stage 
and v a r i e s  f o r  each a p p l i c a t i o n .  I t  does, however, have t h e  promise o f  
reduc ing  cos ts  and inc reas ing  p r e c i s i o n  i n  stock assessment. 

Ocean 'IC1 imate" i n f l u e n c e s  a 

As a r e s u l t ,  t h e  f o r m u l a t i o n  o f  

Large s c a l e  v a r i a t i o n  i n  atmospheric c i r c u l a t i o n  p a t t e r n s  r e s u l t s  i n  
changes, such as wind s t r e n g t h  d i r e c t i o n ,  a i r  temperature, storms, c loud  
cover, etc., which can d r a s t i c a l l y  a f f e c t  f i s h e r y  resources and t h e i r  
hab i ta t s .  
most impor tan t  e f f e c t  o f  such environmental changes i s  on t h e  rec ru i tmen t  o f  
young f i s h  i n t o  harves tab le  stocks. Pronounced e f f e c t s  may be experienced i n  
e a r l y  l i f e  stages due t o  such f a c t o r s  as changes i n  wind-dr iven ocean c u r r e n t  
p a t t e r n s  which a l t e r  t h e  normal d r i f t  o f  l a r v a e  from spawning t o  nursery  
grounds; changes i n  pr imary p roduc t i on  p a t t e r n s  and assoc ia ted  p lank ton ic  
community s t r u c t u r e s  t h a t  a f f e c t  t h e  a v a i l a b i l i t y  o f  s u i t a b l e  food f o r  normal 
l a r v a l  development; and a l t e r e d  m ix ing  processes and/or s t a b i l  i t y  o f  t h e  water 
column t h a t  change t h e  a v a i l a b i l i t y  o f  s u i t a b l e  food f o r  normal l a r v a l  
devel opment. 

From t h e  v iewpo in t  o f  f i s h e r i e s  conserva t i on  and management, t h e  

The use o f  environmental i n f o r m a t i o n  can range i n  s o p h i s t i c a t i o n  f rom 
s c i e n t i s t s '  expressed o p i n i o n  on t h e  1 i k e l y  r e l a t i o n s h i p  between observed 
b i o l o g i c a l  and environmental cond i t i ons ,  t o  a complex m u l t i v a r i a t e  reg ress ion  
ana lys is .  Th i s  l a t t e r  approach g e n e r a l l y  r e q u i r e s  concur ren t  t i m e  s e r i e s  o f  
b i o l o g i c a l  and environmental cond i t i ons .  O f ten  b i o l o g i c a l  events o r  
parameters a r e  measured on an annual sca le  w h i l e  t h e  ac tua l  causal mechanism 
may occur over  a r e l a t i v e l y  s h o r t  t i m e  per iod.  A t  t h e  same t ime, t h e  a b i l i t y  
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t o  o b t a i n  cont inuous measures o f  t h e  environment i s  l i m i t e d  t o  such f a c t o r s  as 
su r face  temperatures, winds, sea sur face  he igh ts ,  o r  atmospheric pressure. 
These may be o n l y  secondar i l y  r e l a t e d  t o  t h e  ac tua l  causal environmental 
v a r i a b l e  which, i n  tu rn ,  i s  mod i f y ing  t h e  b i o l o g i c a l  c o n d i t i o n  o f  t h e  stock. 

The use o f  environmental i n f o r m a t i o n  i n  t h e  p r e d i c t i v e  mode i s  t h e  
sub jec t  o f  numerous research p r o j e c t s  i n  f i s h e r i e s  science. These s tud ies  
i n v o l v e  f i n d i n g  emp i r i ca l  c o r r e l a t i o n s  between one o f  a number o f  
environmental i n d i c e s  and annual y i e l d ,  abundance, o r  rec ru i tmen t ,  and/or 
i n v e s t i g a t i n g  t h e  causal environmental mechanisms t h a t  c o n t r i b u t e  t o  t h e  
r e c r u i t m e n t  success. I n  t h i s  way, environmental i n f o r m a t i o n  c o n t r i b u t e s  t o  
t h e  p r e c i s i o n  o f  s tock  assessment by improving t h e  f o r e c a s t s  o f  s tock  
abundance based on b e t t e r  es t imates  o f  recru i tment ,  o r  by t h e  i n c l u s i o n  o f  
environmental v a r i a b l e s  i n  one o f  t h e  t r a d i t i o n a l  f i s h e r y  a n a l y s i s  models 
( su rp lus  p roduc t ion ,  s tock  rec ru i tmen t ,  etc.) o r  ecosystem models. These 
s tud ies  a r e  no t  o n l y  impor tan t  t o  f u t u r e  NMFS s tock  assessment b u t  a l s o  t o  
r e l a t e d  f i s h e r y  h a b i t a t  s tud ies ,  f i s h e r y  oceanography, and aquacu l tu re  
programs. An understanding o f  t h e  causal mechanisms assoc ia ted  w i t h  s u r v i v a l  
i n  t h e  e a r l y  l i f e  stages i s  t h e  b a s i s  f o r  environmental m o n i t o r i n g  programs 
which, i n  t u r n ,  c o u l d  improve f o r e c a s t i n g  a b i l i t y .  The goal i s  t o  use 
environmental da ta  t o  understand b e t t e r  environmental i n f l u e n c e s  and, 
u l t i m a t e l y ,  t o  inc rease t h e  accuracy o f  s tock  assessments. 

For  t h e  pe lag i c  f i s h e r i e s ,  t h e  more r e a d i l y  o b t a i n a b l e  su r face  and 
near s u r f a c e  oceanographic da ta  have been used f o r  rec ru i tmen t  assessments o f  
such species as A t l a n t i c  menhaden, P a c i f i c  mackerel, and no r the rn  anchovy, and 
f o r  l o c a t i n g  commercial concen t ra t i ons  o f  such species as y e l l o w f i n  tuna, 
s k i p j a c k  tuna, albacore, and swordf ish,  based on t h e i r  a s s o c i a t i o n  w i t h  
oceanic f r o n t a l  s t ruc tu res .  New s a t e l l i t e  techno log ies ,  enab l i ng  l a r g e  area 
s u r v e i l l a n c e  o f  sea su r face  temperatures, c h l o r o p h y l l ,  cu r ren ts ,  etc., should 
pe rm i t  even f u r t h e r  a p p l i c a t i o n s  o f  environmental i n f o r m a t i o n  i n  assessments 
o f  p e l a g i c  b i o l o g i c a l  populat ions.  

For  midwater and demersal popu la t ions ,  as P a c i f i c  hake and Dover sole,  
t h e  s i t u a t i o n  i s  q u i t e  d i f f e r e n t  due, i n  p a r t ,  t o  t h e  g r e a t e r  d i f f i c u l t y  i n  
m o n i t o r i n g  subsurface environmental cond i t i ons .  Progress i s  be ing  made, 
however, i n  understanding p r e - r e c r u i t  s u r v i v a l  f o r  such species which have 
p e l a g i c  eggs and l a r v a e  t h a t ,  f o r  a p e r i o d  o f  t ime, occupy t h e  ocean's upper 
1 ayers. 

Recent NMFS research t o  d e f i n e  trophodynamics and d i r e c t  environmental 
e f f e c t s  i s  demonstrated i n  t h e  f o l l o w i n g  two examples: 

Example 16.--Stock Recruitment S tud ies  o f  Nor thern  Anchovies 

Considerable progress has been made i n  recen t  yea rs  i n  f o r e c a s t i n g  
r e c r u i t m e n t  o f  t h e  no r the rn  anchovy stock i n  t h e  C a l i f o r n i a  Cur ren t  reg ion  
from environmental ind ices .  It was hypothesized t h a t  t h e  s t r e n g t h  o f  an 
incoming yea r -c lass  i s  determined by t h e  m o r t a l i t y  r a t e  o f  e a r l y  larvae. 
abundance o f  food p a r t i c l e s  o f  t h e  proper s i z e  and species i n  t h e  ocean's 
upper mixed l a y e r  has been found t o  be c r i t i c a l  t o  t h e  s u r v i v a l  o f  
f i . r s t - f e e d i n g  anchovy larvae. By mon i to r i ng  t h e  dens i t y ,  d i s t r i b u t i o n ,  and 
species o f  food p a r t i c l e s  d u r i n g  t h e  spawning season, t h e  f a i l u r e s  o f  t h e  

The 
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1974, 1975, and f i r s t  h a l f  of the 1978 year classes were predicted (Lasker, i n  
press). This  work also demonstrated t h a t  adequate food patches occur when the 
upper mixed layer i s  relatively stable. Major storms or upwelling can 
disperse food par t ic les  t o  concentrations below the level of successful 
feeding and larval survival. Continued research and moni tor ing  of these 
environmental variables wi 11 lead t o  improved recruitment forecasts and stock 
assessments. The methods developed i n  t h i s  research program fo r  the northern 
anchovy shou ld  have broad application t o  other fishery regions around the 
world. 

Example 17.--Correlation Models 

A number of research studies have met w i t h  some success i n  f i n d i n g  
correlative physical, chemical, and/or biological ocean variables which help 
expl a i  n some of the 1 arge annual f l  uctuat i ons i n recruitment , popul a t  i on 
biomass, and fishery yield as measured from fishery information.  This 
approach generally incorporates significant environmental covariates i n t o  
tradit ional equilibrium yield models. These f i t s  often offer  reasonable 
hypotheses of the causal mechanisms of early mortality and, therefore, the 
factors t h a t  regulate recruitment. 
mackerel (Scomber japonicus) off California, Parrish and MacCall (1978) found 
good correlations between upwelling and surface transport indices, and 
year-class strength. 
covariates t o  a Ricker spawner-recruit model. 
incorporating both density-dependent terms and environmental terms, accounted 
for  as  much as 75% of the variation. 
model, they were able t o  evaluate various management schemes for  set t ing s ize  
l imits  and harvest quotas  based on c r i t e r i a  of long term stock s ize  and yield. 

Working w i t h  fishery s t a t i s t i c s  on Pacific 

I n  this case, the environmental indices were added as 

W i t h  t h i s  model coupled t o  a cohort 

Their recruitment models, 

On the east  coast of the United States,  Nelson e t  a l .  (1977) ,  u s i n g  a 
similar model, showed t h a t  the deviations from a Ricker spawner-recruit model 
fo r  Atlantic menhaden were highly correlated t o  zonal Ekman transport. Based 
on t h i s ,  they hypothesized t h a t  onshore transport acted a s  a mechanism t o  move 
larval menhaden from offshore spawning areas t o  inshore nursery grounds.  
Therefore, strong year classes resulted from years w i t h  strong onshore 
transport. 

Along the Gulf Coast, researchers have developed yield models of 
penaeid and other G u l f  shrimps where annual yield i s  expressed as a function 
of f i shi ng e f fo r t ,  Mi ssi ssi p p i  River discharge, and/or  estuarine temperatures. 
Such models are much more appropriate t h a n  surplus yield models because of the 
overriding impact of the environment on yield,  and the extremely short l i f e  
span of shrimp. A t  average levels of r iver  discharge and e f fo r t ,  the  model 
predicts yield estimates which approximate MSY derived from the production 
model. I n  general, low freshwater discharge and h i g h  estuarine sa l in i ty  and 
temperature resul t  i n  lower yields. Using this  model, i t  should be possible 
t o  forecast annual yields (or  quotas)  from projected river discharge values 
for  a given level of f i s h i n g  effor t .  
or lowering annual harvest, based on the q u a n t i t y  of  shrimp available. 

Such models provide c r i t e r i a  fo r  r a i s i n g  
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2.3. F i s h e r i e s  Ana lys i s  f o r  Stock Assessment 

F i s h e r i e s  a n a l y s i s  uses mathematical models t o  combine s t a t i s t i c a l ,  
survey, and environmental da ta  i n  assessing t rends  i n  stock s izes ,  and i n  
de termin ing  y i e l d  es t imates  f rom harvested resources. 
i n t e r p r e t e d  f rom simp1 e t o t a l  ca tch  t rends, c a t c h - p e r - u n i t - e f f o r t  (CPUE) 
t rends ,  o r  f rom more complex eva lua t i ons  i n v o l v i n g  an i n t e g r a t i o n  o f  ca tch  
d a t a  w i t h  b i o l o g i c a l  and environmental parameters f o r  t h e  s tocks  under study. 
There a r e  many books on t h i s  sub jec t  (e.g., Beverton and H o l t  1957, Gul land 
1969, and R icke r  1975). A l l  f i s h e r i e s  cen te rs  w i t h i n  NMFS normal ly  u t i l i z e  a 
s e r i e s  o f  s tandard  f i s h e r y  models t o  eva lua te  stock c o n d i t i o n s  and t h e o r e t i c a l  
e q u i l i b r i u m  y i e l d s  a v a i l a b l e  a t  var ious  stock s izes.  
model s f o l  1 ows. 

Stock c o n d i t i o n s  may be 

A d e s c r i p t i o n  o f  these 

2.3.1. Surplus Produc t ion  Model 

Adequate i n f o r m a t i o n  f r e q u e n t l y  i s  n o t  a v a i l a b l e  t o  p rov ide  an 
understanding o f  t h e  comp lex i t i es  o f  t h e  p o p u l a t i o n  process--growth, n a t u r a l  
m o r t a l i t y ,  and reproduc t ion .  Under these circumstances, su rp lus  p roduc t i on  
models can be very  use fu l  i n  de termin ing  emp i r i ca l  r e l a t i o n s h i p s  between 
su rp lus  p r o d u c t i o n  ( e x t r a c t e d  as e q u i l i b r i u m  y i e l d )  and s tock  biomass (as  
measured by an index, u s u a l l y  CPUE). 
model t h e  e f f e c t  o f  f i s h i n g  on t h e  populat ion.  

These r e l a t i o n s h i p s  can then  be used t o  

Models r e l a t i n g  su rp lus  p roduc t i on  t o  biomass u s u a l l y  assume t h a t  
surp lus  p roduc t i on  i s  g rea tes t  a t  some in te rmed ia te  l e v e l  o f  biomass, n o t  a t  
maximum p o p u l a t i o n  biomass (Fig.  15). There a r e  several  reasons f o r  sma l le r  
su rp lus  p roduc t i on  a t  h i g h e r  popu la t i on  biomasses: 

1) Near maximum biomass, e f f i c i e n c y  o f  rep roduc t i on  i s  reduced and t h e  
number o f  r e c r u i t s  i s  o f t e n  l e s s  than a t  lower  biomass l e v e l s ;  

2 )  I f  food supply i s  a l i m i t i n g  f a c t o r ,  t h e n  growth i s  i n h i b i t e d  a t  
1 arge biomass 1 eve1 s. 

Under stab1 e environmental cond i t i ons ,  rec ru i tmen t  and growth a re  
balanced by n a t u r a l  m o r t a l i t y  f o r  an unexp lo i ted  popu la t ion ,  and thus  t h e r e  i s  
no su rp lus  product ion.  When f i s h i n g  begins, biomass i s  reduced and any o f  a 
combinat ion o f  t h i n g s  may happen--the a v a i l a b l e  food may be used more 
e f f i c i e n t l y  by t h e  remaining popu la t ion ,  r e p r o d u c t i v e  e f f i c i e n c y  may be 
increased, o r  n a t u r a l  m o r t a l i t y  may be reduced. Surplus p roduc t i on  i s  then 
generated, which would induce t h e  popu la t i on  t o  recover t o  t h e  maximum biomass 
l e v e l  i f  f i s h i n g  were stopped. 

The bas i c  da ta  requirements f o r  conduct ing a p roduc t i on  model a n a l y s i s  
are: 1) t o t a l  ca tch  i n  weight (sometimes numbers) f rom t h e  popu la t i on  by year, 
and 2 )  t o t a l  f i s h i n g  e f f o r t  i n  s tandard ized u n i t s  by year. While these bas ic  
da ta  requirements appear t o  be r a t h e r  simple, t h i s  appearance i s  o n l y  
s u p e r f i c i a l .  To ta l  ca tch  ( p a r t i c u l a r l y  t h e  by-catch o r  i n c i d e n t a l  species 
and r e c r e a t i o n a l  ca tch)  i s  f r e q u e n t l y  d i f f i c u l t  t o  ob ta in .  F i s h i n g  e f f o r t  
must be adequately separated when more than one species i s  be ing  caught, and 
must be s tandard ized t o  some common u n i t s  when d i f f e r e n t  gear types  a re  used. 
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Population biomass 

Figure 15.--Relationship between population biomass and surplus production 
(sustainable yield). 
occurs at some intermediate population biomass (Pmsy). 

Maximum sustainable yield ( M S Y )  usually 
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Th is  i s  e s p e c i a l l y  d i f f i c u l t  when t h e r e  a re  d i f f e r e n t  gear types  e x p l o i t i n g  
r e l a t i v e l y  d i f f e r e n t  age groups, and/or t h e r e  a r e  s t rong  e f f i c i e n c y  
i n t e r a c t i o n s  among p o p u l a t i o n  d e n s i t i e s ,  t ime-area s t r a t a ,  gear types, and 
amount o f  e f f o r t  employed. 
th rough logbook o r  i n t e r v i e w  systems. 

The f i s h i n g  e f f o r t  da ta  a r e  u s u a l l y  generated 

Surp lus  p roduc t i on  model ou tpu ts  which a r e  most use fu l  t o  t h e  f i s h e r y  
manager i n c l u d e  es t imates  o f  maximum sus ta inab le  y i e l d ,  and t h e  corresponding 
l e v e l s  o f  f i s h i n g  e f f o r t  and popu la t i on  s ize.  
t r e a t e d  i n  t h i s  ve ry  s i m p l i s t i c  manner p r i m a r i l y  when t h e r e  i s  a l a c k  o f  
adequate da ta  f o r  a d e t a i l e d  assessment o f  t h e  e f f e c t s  o f  e x p l o i t a t i o n .  
cos ts  accrued i n  o b t a i n i n g  t h i s  b e n e f i t  a r e  t h e  c r e a t i o n  o f  numerous 
assumptions, many o f  which a r e  known, a p r i o r i ,  no t  t o  be s a t i s f i e d  f u l l y ,  and 
t h e  i n a b i l i t y  t o  analyze t h e  e f f e c t s  o f  a l t e r i n g  t h e  v a r i a b l e s  which can be 
c o n t r o l l e d  by f i s h e r y  managers (e.g., f i s h i n g  season, s i z e  a t  f i r s t  capture, 
re1  a t i v e  r a t e s  o f  f i s h i n g  mor ta l  i t y  among age groups, etc.)  . 

The e x p l o i t e d  popu la t i on  i s  

The 

2.3.2. Y i e l d  pe r  R e c r u i t  Model 

One o f  t h e  most use fu l  concepts i n  f i s h e r y  science i s  t h a t  o f  
e q u i l  i b r i u m  y i e l d  pe r  r e c r u i t .  
est imated, growth can be balanced aga ins t  m o r t a l i t y  t o  o b t a i n  optimum y i e l d  
(Fig.  16) .  The concept has proved use fu l  no t  o n l y  as a s t i m u l a t i n g  theo ry  
about t h e  p r o d u c t i v i t y  o f  e x p l o i t e d  f i s h  stocks, b u t  a l s o  as a bas i c  working 
t o o l  f o r  f i s h e r y  managers. 

When growth and mor ta l  i t y  r a t e s  can be 

The concept o f  e q u i l  i b r i u m  i s  i n t i m a t e l y  t i e d  t o  t h e  y i e l d  p e r  r e c r u i t  
approach. E q u i l i b r i u m  i m p l i e s  t h a t ,  g iven  a cons tan t  r a t e  o f  f i s h i n g ,  a 
popul a t  i o n  w i  11 a t t a i n  some 1 ong-term average biomass 1 eve1 and produce 1 ong- 
te rm average y i e l d .  
by a g i ven  year -c lass  ( a  cohor t  o f  f i s h  spawned d u r i n g  t h e  same year )  i s  t h e  
d i f f e r e n c e  between t h e  sum o f  t h e  weight gained by i n d i v i d u a l s  i n  t h e  
p o p u l a t i o n  and t h e  sum o f  t h e  weight o f  f i s h  l o s t  due t o  death ( n a t u r a l  o r  
f i s h i n g )  i n  any g i ven  year. 
g e n e r a l l y  d i f f i c u l t  t o  est imate,  t h e  y i e l d  pe r  r e c r u i t ,  as opposed t o  t o t a l  
y i e l d ,  i s  modeled by assuming a cons tan t  l e v e l  o f  reproduct ion.  

Under e q u i l i b r i u m  cond i t i ons ,  t h e  y i e l d  o r  ne t  p roduc t i on  

Since t h e  s i z e  o f  an incoming yea r  c l a s s  i s  

F i s h e r y  managers can use t h i s  concept t o  f u r t h e r  t h e i r  understanding 
o f  a f i s h e r y ,  and t o  make p r e d i c t i o n s  as t o  how t h e  y i e l d  pe r  r e c r u i t  w i l l  
respond t o  changes i n  t h e  amount of f i s h i n g  e f f o r t  and t o  which s i z e s  o r  uses 
o f  f i s h  i t  i s  appl ied.  General ly,  y i e l d  pe r  r e c r u i t  models a r e  used i n  t h r e e  
ways: 
e f f o r t ,  changes i n  t h e  y i e l d  pe r  r e c r u i t  a re  examined by changing t h e  
a g e - a t - f i r s t - c a p t u r e  by t h e  f i s h e r y  (Fig.  17a); 2 )  Given t h a t  t h e  f i s h e r y  
operates on a c e r t a i n  a g e - a t - f i r s t - c a p t u r e  pa t te rn ,  changes i n  t h e  y i e l d  pe r  
r e c r u i t  a r e  examined over a range o f  f i s h i n g  e f f o r t  (Fig.  17a); o r  3 )  A 
simultaneous combinat ion o f  1 )  and 2 )  a re  examined f o r  changes i n  y i e l d  pe r  
r e c r u i t  due t o  concomitant changes i n  f i s h i n g  e f f o r t  and a g e - o f - f i r s t - c a p t u r e  
(Fig.  17b). Th i s  l a t t e r  approach has a l s o  g iven r i s e  t o  t h e  concept o f  
eumetr ic f i s h i n g ,  whereby a n e a r l y  cons tan t  t o t a l  p o p u l a t i o n  s i z e  can be 
maintained, and p o s s i b l e  density-dependent e f f e c t s  on growth, m o r t a l i t y ,  and 

1) Given t h a t  t h e  f i s h e r y  operates a t  a c e r t a i n  l e v e l  o f  f i s h i n g  
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YIELD-PER-RECRUIT THEORY 

Numbers \\\ 
I \ Growth clreater 

1 
I 
I 

iomass per! 

Time-size 

Figure 16.--Changes in biomass, number, and average weight o f  animals i n  an 
unfished cohort-during i t s  lifetime. 

1 .  
2. 
3. Yield-per-recruit strategy: s e t  the s ize  l imit  as close as 

Animals increase in weight and decrease in numbers with time. 
A t  some p o i n t  in the l i f e  span, biomass peaks. 

possible t o  the s ize  of peak biomass ( c r i t i c a l  s i ze ) .  
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s o p l e l h  

A cumel r i t  curve 
f o r F v  r / R  

B : eumel r ic  curve 

f o r  l p  v Y / F 

F i q u r e  1 7 . - - ? i e 3 ~ !  per  r e c r u i t  ( F i g .  17a) shown a s  a function of  f i s h i n g  
m o r t a l i t y  F and of' agc-at-first--ca~ture tp f C J r  -3 f i x e d  F. 
I ' ir juce 17b  is a two-dimensions: isopleth re lat . i i ic j  y i e l d  p e r  
r e c r u i t  t o  age (tu' ) and f i s h i n g  m o r t a l i t y  (from Banl i i s t e r  1 9 7 7 )  
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reproduction minimized by selecting the age-at-first-capture level which 
maximizes yield per recruit  for  each level of fishing e f for t  (Fig. 17b) .  

Three analytical methods have been developed f o r  implementing the 
yield per recruit  model. The f i r s t  method, developed by Baranov (1918), 
assumes t h a t :  the  average growth ra te  i n  length i s  constant f o r  a l l  f ish which 
are of exploitable s ize ,  weight i s  proportional t o  the cube of length, and 
recruitment i s  spread uniformly throughout the recruiting year. Because of 
these assumptions, a very simple mathematical model can be used t o  examine 
changes i n  yield per recruit  due t o  changes i n  fishing e f for t  and length a t  
recruitment. Although Baranov's method i s  sound, i t s  usefulness i s  1 imited 
since most f i sh  stocks violate one o r  more of i t s  assumptions. The second 
method, developed by Beverton and Holt (1957) ,  i s  similar t o  Baranov's method 
except t h a t  the von Bertalanffy (1938) growth function i s  used i n  place of the 
assumption of a constant growth ra te  i n  length. 
by Ricker (1975), i s  the most f lexible  i n  t h a t  i t  allows growth and mortality 
ra tes  t o  change over the exploitable l i f e  span of the fish.  Although Ricker's 
method i s  computationally more d i f f i cu l t  t o  use t h a n  Beverton and Holt 's 
method, i t  i s  commonly used when mortality ra tes  are age-specific, or when 
growth i s  not  representable by the smooth asymptotic growth functions. 

The t h i r d  method, developed 

Some of the d i f f i cu l t i e s  encountered by fishery managers i n  applying 
the yield per recrui t  concept are: 

1) Because of the large var iabi l i ty  i n  recruitment, i t  i s  often 
convenient t o  recommend maximizing yield per recrui t  f o r  each entering year 
class,  ignoring the factors that  control year class strength. Unfortunately, 
f ishing e f for t  levels which maximize yield per recruit  can substantially 
reduce spawning stock s ize  and may adversely affect  future recruitment. 

fishery where several gear types exploit different s ize  ranges. 
2 )  I t  i s  d i f f i cu l t  t o  achieve maximum yield per recruit  level i n  a 

3 )  I t  i s  d i f f i cu l t  t o  obtain projected increases i n  yield per recruit  
i n  a fishery where discarding occurs. 

4 )  If recruitment i s  not constant, optimal management s t ra tegies  based 
on yield per recruit  can d i f f e r  substantially from strategies  based on 
assessments of the maximum sustainable yield. 

2.3.3. Virtual Population AnalysislCohort Analysis 

Virtual population analysis, o r  cohort analysis, i s  a technique used 
t o  calculate past fishing mortality ra tes  and abundance of year classes 
(cohorts) a t  successive ages. When the analysis i s  applied t o  a l l  year 
classes of a particular stock of f i sh ,  the resul t  i s  an  estimate of fishing 
m o r t a l i t y  and stock s ize  a t  a l l  ages in each calendar year represented i n  the 
d a t a  base. 
total  stock s ize  for  t h a t  year. The fishing mortality estimates by age group 
i n  each year show the mortality pattern and also enable the calculation of an 
average mor t a l i t y  rate f o r  the stock for  each year. 

The stock sizes by age in each year can then be summed t o  give the 
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T h i s  a n a l y s i s  i s  a s o p h i s t i c a t e d  method o f  s tock  assessment, r e q u i r i n g  
a comprehensive s t a t i s t i c a l  c o l l e c t i o n  program t o  p rov ide  a l eng thy  t i m e  
s e r i e s  o f  t o t a l  ca tch / l and ing  da ta  and annual samples o f  length-age 
compos i t ion  o f  t h e  stock, as w e l l  as an es t imated  o r  assumed n a t u r a l  m o r t a l i t y  
r a t e  f o r  each age, and an es t imated o r  assumed f i s h i n g  m o r t a l i t y  r a t e  f o r  a t  
l e a s t  one age f o r  each yea r  c lass.  However, where v i r t u a l  p o p u l a t i o n  a n a l y s i s  
i s  app l i cab le ,  i.e., where good aging i s  poss ib le ,  t h e  l e v e l  and q u a l i t y  o f  
s c i e n t i f i c  adv ice  t h a t  can be provided i s  among t h e  most accura te  ava i l ab le .  

Cur ren t  p o p u l a t i o n  s i z e s  can be es t imated from t h e  c o r r e l a t i o n  o f  
h i s t o r i c a l  t i m e  s e r i e s  o f  abundance a t  rec ru i tmen t  s ize.  F i s h i n g  m o r t a l i t y  
can be es t imated  by VPA w i t h  i n d i c e s  o f  abundance, rec ru i tmen t ,  o r  f i s h i n g  
e f f o r t ,  us ing  p r o j e c t e d  index values de r i ved  from f i s h e r y  s t a t i s t i c s  o r  
resource surveys. 

2.3.4. Spawner-Recrui t Model 

The spawner-recrui t ( s t o c k - r e c r u i  tment)  model descr ibes  t h e  
r e l a t i o n s h i p  between t h e  number o f  spawners i n  a stock and t h e  number o f  
r e c r u i t s  produced (Fig. 18). The model has r a t h e r  l i m i t e d  a p p l i c a t i o n  on a 
year - to -year  b a s i s  because t h e  r e l a t i o n s h i p  o f  rec ru i tmen t  t o  pa ren ta l  stock 
i s  obscured by environmental ly- induced f l u c t u a t i o n s  and t h e  h i g h  f e c u n d i t y  o f  
most marine species. Successful reproduc t ion ,  and subsequent recru i tment ,  may 
r e s t  l a r g e l y  on f a v o r a b l e  environmental c o n d i t i o n s  and, i n  t h e  s h o r t  term, may 
a c t u a l l y  have l i t t l e  r e l a t i o n s h i p  t o  t h e  s i z e  o f  t h e  parenta l  stock. 

The model has been use fu l ,  however, i n  assessing t h e  s tocks  o f  P a c i f i c  
salmon which spawn once and die.  The model i s  r e l a t i v e l y  e f f e c t i v e  i n  t h i s  
case because: 1) rec ru i tmen t  depends t o  a s u b s t a n t i a l  degree on t h e  s i z e  o f  
t h e  pa ren ta l  stock,  2 )  rec ru i tmen t  t o  t h e  f i s h e r y  occurs mos t l y  j u s t  p r i o r  t o  
spawning, and 3 )  t h e  f a c t o r s  which tend  t o  l i m i t  t h e  s i z e  o f  t h e  s tock  opera te  
p r i n c i p a l l y  i n  t h e  f reshwater spawning and nursery  areas, and n o t  i n  t h e  ocean 
feed ing  grounds. 

The da ta  r e q u i r e d  by t h e  model, escapement (number o f  spawners) and 
subsequent catch, a r e  r e l a t i v e l y  easy t o  o b t a i n  compared t o  most f i s h e r y  data. 
D i r e c t  counts o f  spawners a re  made i n  many streams, and ca tch  s t a t i s t i c s  
p rov ide  an es t ima te  o f  rec ru i tmen t  when added t o  t h e  escapement. 
i s  a curve  r e l a t i n g  t h e  number o f  r e c r u i t s  which can be expected from a g iven 
number o f  spawners when a l ong  t i m e  s e r i e s  o f  da ta  i s  ava i l ab le .  

The r e s u l t  

2.3.5. Models f o r  Use w i t h  Marking Experiments 

A whole c l a s s  o f  models has been de r i ved  t o  take  advantage o f  
i n f o r m a t i o n  ob ta ined f rom tagg ing  experiments. Among t h e  parameters which can 
be es t imated  f rom these da ta  a r e  s u r v i v a l  ra tes ,  p o p u l a t i o n  s izes,  rec ru i tmen t  
est imates,  and es t imates  o f  movement o r  migra t i on .  

T y p i c a l l y ,  a l a r g e  number o f  f i s h  a re  randomly se lec ted  from t h e  
popu la t ion ,  marked o r  tagged i n  some manner, and re in t roduced  i n t o  t h e  
popu la t ion .  The f i s h  a re  recovered subsequently by e i t h e r  research f i s h i n g  
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SPAWNERS 

F i g u r e  18. --Examp1 of a g e n e r a l i z e d  s t o c k - r e c r u i t m e n t  c u r v e  of t h e  t y p e  -& R=aPe , where R is t h e  number of r e c r u i t s ,  P is  t h e  s i z e  of  
pa ren ta l .  s t o c k  or spawners, and a andB a r e  c o n s t a n t s .  
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e f f o r t s  o r  by a commercial o r  r e c r e a t i o n a l  f i s h e r y .  I n  a s imp le  s i t u a t i o n ,  
i n d i v i d u a l s  a r e  tagged on o n l y  one occasion and recaptures  made over an 
extended p e r i o d  o f  t ime. 
occasions and recaptures  made a t  subsequent sampling per iods.  

More genera l l y ,  t ags  a re  placed on a number o f  

Problems which can a f f e c t  es t imates  o f  p o p u l a t i o n  parameters made from 
t a g g i n g  da ta  i nc lude :  m o r t a l i t y  due t o  t h e  tag, d i f f e r e n t  animal behav io r  
induced by t h e  tag, and incomplete r e p o r t i n g  o f  recovered tagged f i s h  due 
e i t h e r  t o  t h e i r  be ing  nonrecognizable o r  by d e l i b e r a t e  i n t e n t .  O f ten  i f  these 
s i t u a t i o n s  a r e  suspected, t h e  tagg ing  procedure i t s e l f  can be mod i f i ed  t o  t a k e  
them i n t o  cons idera t ion .  

Ex tens i ve  use has been made o f  t agg ing  s t u d i e s  i n  t h e  c rab  popu la t i ons  
o f  t h e  Ber ing  Sea and i n  s a b l e f i s h  popu la t ions  throughout t h e  n o r t h e r n  
P a c i f i c .  

2.3.6. Change i n  R a t i o  Models 

marked-to-unmarked r a t i o s  t o  es t ima te  popu la t i on  abundance and s u r v i v a l .  
models a r e  p a r t i c u l a r l y  e f f e c t i v e  where a d i f f e r e n t i a l  harves t  occurs, such as 
t h e  male-only seal harves t  on t h e  P r i b i l o f  I s lands .  

F i s h e r y  managers have made use o f  changes i n  observed sex r a t i o s  o r  
The 

2.3.7. Ad Hoc Models 

A n a l y t i c a l  s i t u a t i o n s  o f t e n  a r i s e  which cannot be f i t t e d  i n t o  a 
' 'standard" model. These g e n e r a l l y  occur where t h e  l i f e  h i s t o r y  o f  t h e  f i s h  i s  
unique o r  where t h e  sampling procedures c l e a r l y  v i o l a t e  t h e  assumptions made 
by t r a d i t i o n a l  models. I n  these cases, t r a d i t i o n a l  models a r e  e i t h e r  mod i f i ed  
t o  t h e  s p e c i f i c  a p p l i c a t i o n  o r  ad hoc models a r e  c rea ted  t o  es t ima te  t h e  
p o p u l a t i o n  parameters. Fo r  example, a model was c rea ted  s p e c i f i c a l l y  f o r  t h e  
e s t i m a t i o n  o f  growth and n a t u r a l  m o r t a l i t y  o f  k i n g  c rab  i n  t h e  eas tern  Ber ing  
Sea, and t h a t  model w i l l  probably have l i t t l e  a p p l i c a t i o n  elsewhere. 

2.3.8. Ecosystem Models 

Newer computer-based models p rov ide  m u l t i s p e c i f i c  and ecosystem 
approaches t o  s tock  assessment. 
f i s h e r i e s  con tex t  focus on t h e  mechanisms o f  species i n t e r a c t i o n s ,  b o t h  among 
themselves and w i t h  t h e  marine environment, and t h e i r  e f f e c t s  on t h e  
p roduc t i on  o f  commercial ly harves tab le  f i s h  biomass. U n l i k e  t h e  r i g i d  s i n g l e  
species models mentioned above, these models at tempt t o  focus, i n  a f u n c t i o n a l  
manner, on t h e  i n t e r s p e c i f i c  and i n t r a s p e c i f i c  r e l a t i o n s h i p s  which have t h e  
most s i g n i f i c a n t  impacts on biomass dynamics. 

Ecosystem models employed i n  t h e  marine 

The most fundamental d i f f e r e n c e  between s i n g l e  species and ecosystem 
models i s  t h a t  p redat ion ,  and trophodynamics i n  general ,  i s  i nc luded  i n  t h e  
l a t t e r ,  t hus  q u a n t i t a t i v e l y  connect ing  t h e  dynamics o f  a l l  species represented 
i n  a g i ven  ecosystem. 
stock assessment methods when t h e  ecosystem approach i s  employed. One o f  t h e  

Therefore, trophodynamics forms t h e  b a s i s  f o r  f i s h  
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g rea t  s h o r t f a l l s  o f  t h e  s i n g l e  species approach has been t h e  de te rm ina t ion  o f  
t h e  a1 1-encompassing parameter "na tu ra l  mor ta l  i ty," r e f e r r i n g  t o  deaths f rom 
a l l  causes o the r  than  f i s h i n g .  I n  i t s  t r a d i t i o n a l  form, t h i s  parameter has 
r a r e l y  been adequately est imated. However, i n  t h e  ecosystem approach, 
"na tu ra l  m o r t a l i t y "  i s  broken down i n t o  f u n c t i o n a l  components ( l osses  due t o  
predat ion,  i n t e r n a l  o r  ex te rna l  s t ress,  etc.)  which can be est imated more 
d i r e c t l y .  Ecosystem models a1 so prov ide  a p o t e n t i a l  method f o r  understanding 
and rep resen t ing  t h e  r e l a t i o n s h i p s  between marine mammals and f i s h  resources. 
These l i n k s  can o n l y  be represented as they occur i n  t h e  food cha in  i t s e l f .  

The bas i c  processes which are  represented i n  most ecosystem models 
a re  : 

1) Trophodynamics - rep resen ta t i on  o f  p reda t ion  as t h e  most impor tan t  
q u a n t i t a t i v e  l i n k a g e  between species i n  t h e  ecosystem; 

2)  Growth - parameters which vary w i t h  t r o p h i c  and environmental  
e f f e c t s  ; 

3)  M o r t a l i t y  - component e f f e c t s  such as spawning s t ress ,  predat ion,  
s t a r v a t i o n ,  and environmental  s t ress ;  

4 )  Reproduct ion and recru i tment ;  

5 )  M i g r a t i o n  - rep resen ta t i on  o f  biomass d i s t r i b u t i o n  over t ime, area, 
and depth, p r i m a r i l y  as a f u n c t i o n  o f  environmental  e f fects ;  

6 )  Age o r  s i z e  s t r u c t u r e  - key t o  t h e  rep resen ta t i on  of 
trophodynamics; and 

7 )  E f f e c t s  o f  f i s h i n g .  

Ecosystem models r e q u i r e  more and d i f f e r e n t  data than do convent ional  
s i n g l e  species models. I f  these models a re  t o  p lay  an impor tan t  r o l e  i n  
f i s h e r i e s  assessment and management i n  t h e  fu tu re ,  t h e r e  w i l l  have t o  be a 
major  r e o r i e n t a t i o n  o f  f i s h e r i e s  da ta  c o l l e c t i o n ,  e.g., more emphasis on t h e  
es t ima t ion  o f  trophodynamic and environmental  parameters. 

Two examples o f  ecosystem models p r e s e n t l y  be ing  used i n  f i s h e r i e s  
assessment and management a re  a numbers-based Andersen-Ursi n model f o r  t h e  
Nor th  Sea, and t h e  Laevastu-Favor i te  Dynamic Numerical Marine Ecosystem Model 
(DYNUMES) , a biomass-based model devel oped a t  t h e  Northwest and A1 aska 
F i s h e r i e s  Center. 

While d i r e c t  use o f  ecosystem models f o r  management purposes l i e s  i n  

Examples i n c l u d e  f i r s t - o r d e r  est imates o f  abundances 
t h e  fu tu re ,  ou tpu t  f rom e x i s t i n g  models has a l ready  prov ided s i g n i f i c a n t  
i n f o r m a t i o n  on stocks. 
o f  p r e s e n t l y  unexp lo i ted  species which may come under e x p l o i t a t i o n  i n  t h e  
f u t u r e  (e.g.! squid i n  t h e  Ber ing  Sea), r e s u l t s  which suggest t h a t  marine 
mammal and b i r d  p reda t ion  on c e r t a i n  species (e.g., h e r r i n g  i n  t h e  Ber ing  Sea) 
may exceed commerci a1 harvests,  determi na t ions  o f  " c a r r y i  ng c a p a c i t i e s "  o f  
g i ven  reg ions,  rep resen ta t i ons  o f  t h e  e f f e c t s  o f  l a r g e  sca le  "na tu ra l  
f l u c t u a t i o n s "  on f i s h  resource dynamics, and evidence t h a t  c e r t a i n  species may 
be e x p l o i t e d  a t  d i f f e r e n t  t r o p h i c  l e v e l s  w i t h  s i g n i f i c a n t  d i f f e r e n c e s  i n  y i e l d .  
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3.0. ADEQUACY OF TECHNOLOGY 

Two major issues are involved i n  discussing the adequacy o f  assessments. 
From the perspective of the manager, adequacy is  judged by whether or not the 
assessments meet the needs expressed by management objectives. For example, 
information on growth, mortality, and s ize  se lec t iv i ty  may be suff ic ient  t o  
assess the effects  of u s i n g  different mesh s izes  i n  trawls on yield per 
recrui t ,  b u t  estimates o f  recruitment and population magnitude may not  be 
suff ic ient  t o  estimate the effect  of set t ing a quota on catch. Sufficiency is  
judged by the risk that  managers are willing t o  take w i t h  respect t o  achieving 
the goals of the management plan. 

From t h i s  perspective, the sc ien t i s t  can advise on the adequacy of 
assessments only i n  the context of expressed needs of management. 
sc ien t i s t  can, i n  general, re la te  the scale of assessment information t o  the 
scale of stock manipulation required t o  meet management objectives; t h u s ,  his 
report may deal w i t h  the adequacy of assessments for  meeting a particular goal 
b u t  not  the adequacy of t h a t  goal .  

The 

T h i s  section deals w i t h  the adequacy of current assessments i n  the 
context of technological sufficiency. T h i s  can, i n  t u r n ,  be viewed from two 
different aspects. First, how well can the present populations be described 
quantitatively and quali tatively? Secondly, how well can the future s t a t e  of 
stocks be predicted w i t h  and without changes i n  the f isher ies?  

All  of the methods employed have certain advantages and disadvantages i n  
terms o f  conducting stock assessment ac t iv i t ies .  The f a c t o r s  influencing 
choice are largely dependent on the applicabili ty of the method t o  the species 
o r  stocks examined, and the resources and manpower available t o  undertake 
stock assessment; i n  some instances, however, cer ta in  factors are applied i n  
the absence of other re l iable  approaches. I n  t h i s  section, strengths and 
weaknesses of each approach previously described w i l l  be discussed, and 
adequacy of the technology for resource assessment wi l l  be commented on 
b r i  ef 1 y . 
3 .1 .  Fishery and Marine Mammal S t a t i s t i c s  

e a r l i e r ,  have been t r a d i t i o n a l l y  uti l ized i n  stock assessment; s t a t i s t i ca l  
data can be collected relatively cheaply and made available t o  the sci 'entists 
for  assessment. The d a t a ,  i f  collected i n  a reasonably re l iab le  fashion, can 
be applied t o  a number of standard f isher ies  models which provide a 
theoretical framework fo r  understanding the functioning of a f i sh  and marine 
mammal stock under exploitation. 

Fisheries s t a t i s t i c s  (including marine mammal s t a t i s t i c s ) ,  a s  noted 

A t a l l y  of the season's t o t a l  catch i s  the primary s t a t i s t i c  required 
The adequacy of t h i s  s t a t i s t i c  depends on the nature fo r  fishery,analysis.  

and extent o f  the  fishery. 
incomplete reporting, a t  sea-discard, etc. For many f i sher ies  which operate 
from a number of ports and use var ious types of gear,  catch records s h o u l d  

Many circumstances can reduce i t s  accuracy, e.g., 
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p re fe rab ly  be recorded by vessel land ings  so t h a t  ca tch  s t a t i s t i c s  can be 
sub to ta l  1 ed and analyzed f o r  any f i s h e r y  component. 

For f i s h e r i e s  regu la ted  by a quota, t h e  c o l l e c t i o n  o f  ca tch  s t a t i s t i c s  t o  
mon i to r  t h e  accumulat ive ca tch  imposes t h e  c o n s t r a i n t  of r e a l  t i m e  da ta  
compi la t ion .  I n  most f i s h e r y  cases, c o m p i l a t i o n  o f  c a t c h  s t a t i s t i c s  i s  t o o  
s low f o r  r e a l  t i m e  stock assessment analyses. 
bo t t l eneck  i n  updat ing  stock assessments i n  a t i m e l y  manner f o r  resource 
managers o r  adv isory  groups. 

Th is  tends t o  c r e a t e  a 

Stock assessment us ing  f i s h e r y  s t a t i s t i c s  a l s o  s u f f e r s  because, i n  many 
instances, t h e  da ta  a re  c o l l e c t e d  f o r  purposes o t h e r  than  ana lyz ing  t h e  
c o n d i t i o n s  o f  f i s h  stocks, e.g., t a x  purposes. I n  a d d i t i o n ,  f o r  many stocks, 
t h e  da ta  c o l l e c t e d  a re  incomplete, vary  among s ta tes ,  and p rov ide  l i t t l e  
i n f o r m a t i o n  on t h e  o r i g i n  o f  ca tch  and t h e  amount o f  e f f o r t  deployed f o r  i t s  
r e t r i e v a l .  

The q u a l i t y - o f - e f f o r t  da ta  depends on t h e  s p e c i f i c a t i o n  o f  t h e  u n i t  o f  
measurement. Fo r  s tock  assessment purposes, e f f o r t  must be p r o p o r t i o n a l  t o  
f i s h i n g  m o r t a l i t y .  For  a newly developing f i s h e r y ,  i t  i s  t h e  b i o l o g i s t s '  
r e s p o n s i b i l i t y  t o  s p e c i f y  t h e  requirement. 
s a c r i f i c e d  f o r  s i m p l i c i t y  so t h a t  f ishermen a re  w i l l i n g  t o  p rov ide  needed 
data. I n  t h e  case o f  developed f i s h e r i e s  f o r  which e f f o r t  s t a t i s t i c s  have no t  
been r i g o r o u s l y  c o l l e c t e d ,  s c i e n t i s t  have o f t e n  had t o  assemble an e f f o r t - t i m e  
s e r i e s  f rom t h e  a v a i l a b l e  data. 
des i red. 

I n  t h i s  case, i d e a l i s m  must be 

O f ten  t h e  s p e c i f i e d  u n i t  i s  l e s s  t h a n  

The f i s h e r y  assessment models, o t h e r  than  t h e  su rp lus  p roduc t i on  model, 
use es t imates  o f  growth and m o r t a l i t y  r a t e s  and t h e  age compos i t ion  o f  t h e  
catch. T h i s  r e q u i r e s  a ca tch  sampling program w i t h  sound s t a t i s t i c a l  design 
and s u f f i c i e n t  sample s ize.  
t h e  ca tch  sampling program must be ongoing. 
est imates i s  dependent on t h e  a b i l i t y  t o  c o r r e c t l y  age t h e  f i s h  sampled. I n  
a l l  instances, ag ing  techniques a re  ted ious  and no t  100% accurate. 

For  a dynamic popu la t i on  and/or changing f i s h e r y ,  
The adequacy o f  parameter 

Tagging s t u d i e s  i n  marine f i s h e r i e s  o f t e n  r e l y  on t h e  commercial/ 
r e c r e a t i o n a l  f i s h e r i e s  t o  ca tch  f i s h  f o r  t agg ing  and t o  recap tu re  tagged f i s h .  
These s t u d i e s  on f i s h  o r  marine mammals r e q u i r e  cons iderab le  p lann ing  and 
exper imental  design. The pr imary  assumption i s  t h a t  behav io r  o f  tagged 
animals i s  unchanged by t h e  t a g  and tagg ing  opera t ion .  The adequacy o f  
t agg ing  s t u d i e s  depends on coopera t ion  o f  t h e  f i s h e r y  i n  r e t u r n i n g  tags  and 
assoc ia ted  i n fo rma t ion ,  exper imental  design o f  t h e  study and 
representa t iveness  o f  t h e  tagged i n d i v i d u a l s  i n  t h e  popu la t ion .  Tagging 
s t u d i e s  w i t h o u t  t o o  many problems can g i v e  i n s i g h t  t o  s tock  s t r u c t u r e  and 
migra t ions .  
abundance a r e  l e s s  r e l i a b l e  because o f  t h e  d i f f e r e n t i a l  behav io r  and m o r t a l i t y  
of t h e  tagged segment o f  t h e  stock. 
designed t o  p rov ide  t i m e l y  es t imates  because t h e  a n a l y s i s  o f  t h e  da ta  cannot 
be completed u n t i l  tagged i n d i v i d u a l s  a re  recaptured. 

On t h e  o t h e r  hand, es t imates  o r  r a t e s  o f  e x p l o i t a t i o n  and 

I n  general ,  t a g g i n g  s t u d i e s  a re  n o t  
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3.2. Fishery-Independent Resource Surveys 

3.2.1. F i s h i n g  Surveys 

3.2.1.1. Trawl Surveys 

The s t r e n g t h  of t r a w l  surveys stems from t h e  long-term s t a n d a r d i z a t i o n  
o f  da ta  c o l l e c t e d ,  as w e l l  as t h e  k inds  o f  da ta  co l l ec ted .  
used t o  o b t a i n  c u r r e n t  es t imates  o f  parameters o f  s tock  c o n d i t i o n  (abundance, 
f i s h i n g  m o r t a l i t y ,  and age composi t ion) t h a t  c o u l d  n o t  r e a d i l y  be ob ta ined 
from commercial f i s h e r i e s  sources f o r  many species. Est imates o f  s tock  
c o n d i t i o n  can be a v a i l a b l e  a few months a f t e r  t h e  comple t ion  o f  a survey, 
a l l o w i n g  t i m e l y  dec i s ions  and e a r l y  a c t i o n  by management. 

Survey da ta  may be 

The annual abundance i n d i c e s  f rom survey s e r i e s  can be o f  utmost 
importance i n  examining past t rends  i n  o rde r  t o  es t ima te  c u r r e n t  stock 
abundance. There a r e  many examples i n  which survey abundance i n d i c e s  r e l i a b l y  
r e f l e c t  abundance changes. 
demonstrated f o r  species which have adequate commercial da ta  a v a i l a b l e  f o r  
comparison. Fo r  a few species, such as eas tern  Ber ing  Sea k i n g  c rab  and 
ye1 1 owf i n so l  e, surveys have prov ided a c l o s e  approximat i o n  o f  exp l  o i  tab1 e 
p o p u l a t i o n  o r  biomass size.  Fo r  many o f  t h e  impor tan t  species i n  demersal 
animal communities, survey abundance i n d i c e s  p rov ide  a c u r r e n t  re fe rence  o f  
stock c o n d i t i o n  f o r  t h e  management s p e c i a l i s t .  
composi t ion f o r  impor tan t  demersal stocks can a l s o  be ob ta ined from surveys. 
For some species, t h i s  es t ima te  may be t h e  o n l y  one a v a i l a b l e  because da ta  
c o l l e c t e d  from t h e  f i s h e r i e s  may n o t  be r e l i a b l e .  

An impor tan t  s t r e n g t h  o f  surveys i s  t h a t  b i o l o g i c a l  i n f o r m a t i o n  
(growth r a t e ,  age, s ize ,  'sex, m a t u r i t y ,  f ecund i t y ,  t i s s u e  samples f o r  gene t i c  
s tud ies ,  food hab i t s ,  p o p u l a t i o n  d e n s i t y  d i s t r i b u t i o n )  can be ob ta ined from a 
g r e a t  number o f  species w i t h i n  t h e i r  main geographical  d i s t r i b u t i o n .  Thus, 
t h e  surveys can g i v e  i n s i g h t  i n t o  t h e  dynamics o f  popu la t ions ,  s tock  
s t r u c t u r e ,  r e p r o d u c t i v e  p o t e n t i a l ,  t r o p h i c  i n t e r a c t i o n s ,  etc., t h a t  cou ld  n o t  
be ob ta ined otherwise. 

The v a l i d i t y  o f  these i n d i c e s  has been 

Cur ren t  es t imates  o f  age 

Cur ren t l y ,  t h r e e  types  o f  f o recas ts  a r e  f e a s i b l e ,  based on survey and 

There i s  accumulat ing evidence t h a t  surveys a r e  p r o v i d i n g  a 

f i s h e r i e s  i n fo rma t ion :  rec ru i tmen t  s t rength ;  p o p u l a t i o n  abundance from 
es t imates  o f  rec ru i tmen t ;  and ca tch  l e v e l s ,  g i ven  es t imates  o f  f i s h i n g  
m o r t a l i t y .  
r e l i a b l e  index  t o  rec ru i tmen t  o r  year -c lass  s t r e n g t h  f o r  many species. Where 
t h e r e  i s  an adequate t i m e  s e r i e s  on abundance by age from bo th  t h e  survey and 
t h e  f i s h e r i e s ,  a r e l a t i o n s h i p  between survey p r e - r e c r u i t  abundance i n d i c e s  and 
t h e  s t r e n g t h  o f  t h e  corresponding year-c lasses i n  t h e  f i s h e r i e s  has o f t e n  been 
observed. Such examples have been found w i t h  eas te rn  Ber ing  Sea p o l l o c k  and 
k i n g  crab, and f o r  c e r t a i n  f i n f i s h  species o f f  t h e  A t l a n t i c  seaboard. 

Surveys a l s o  p rov ide  r e l i a b l e  and r e l e v a n t  da ta  f o r  use i n  t r a d i t i o n a l  
f i s h e r y  dynamic models and t h e  f o r m u l a t i o n  o f  new conceptual and a n a l y t i c a l  
frameworks o f  f i s h e r y  product ion.  
and synop t i c  na tu re  o f  t h e  surveys i n  i d e n t i f y i n g  and measuring major sca les  
o f  temporal and s p a t i a l  v a r i a b i l i t y  i n  popu la t i ons  and t h e i r  environment, and 
i n  r e v e a l i n g  t r o p h i c  i n t e r a c t i o n s  which occur w i t h i n  t h e  i n t e r v e n i n g  
popul a t  i ons. 

Th is  i s  made p o s s i b l e  because o f  t h e  des ign  
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Surveys p rov ide  a long-term documentation o f  phys i ca l  c o n d i t i o n s  
(water  mass c h a r a c t e r i s t i c s ,  temperatures, and sa l  i n i t y )  assoc ia ted  w i t h  
resource d i  s t r i  b u t  i on , dens! t y  , rec ru i tmen t  , and growth, as we1 1 as o t h e r  
d e s c r i p t o r s  o f  popu la t i ons  and popu la t i on  i n t e r a c t i o n s .  Such documentation 
has no t  been a v a i l a b l e  f rom t h e  f i s h e r i e s .  

On t h e  nega t i ve  s ide, surveys a r e  very  c o s t l y  and p rov ide  somewhat 
imprec ise  es t imates  o f  r e l a t i v e  abundance. 
s i n g l e  surveys o f  northwest A t l a n t i c  f i s h  stocks have e x h i b i t e d  a 95% 
conf idence i n t e r v a l  o f  p l u s  o r  minus 50%. S i m i l a r l y ,  low l e v e l s  o f  p r e c i s i o n  
have been found f o r  es t imates  o f  abundance o f  f i s h  s tocks  f rom resource 
surveys conducted i n  t h e  nor theas t  P a c i f i c  and eas te rn  Ber ing  Sea. 

I n d i c e s  o f  r e l a t i v e  abundance from 

A l i m i t a t i o n  o f  m u l t i s p e c i e s  t r a w l  surveys i s  t h a t  t h e y  have been 
developed f o r  many species and t h e r e f o r e  a r e  no t  as op t ima l  f o r  many 
i n d i v i d u a l  species as a s ing le -spec ies  survey would be. Th is  can be r e a d i l y  
apprec ia ted  by examining t h e  d i f f e r e n c e s  between species i n  terms o f  op t ima l  
a l l o c a t i o n  schemes t o  inc rease p r e c i s i o n  (Tab le  4).  

A s e r i o u s  drawback t o  t h e  a n a l y s i s  of survey da ta  i s  t h e  d i f f i c u l t y  i n  
de termin ing  t h e  u n d e r l y i n g  p r o b a b i l i t y  d i s t r i b u t i o n  f u n c t i o n  f o r  t r a w l  survey 
c a t c h  data. We have o n l y  a general knowledge about t h e  d i s t r i b u t i o n a l  
f e a t u r e s  o f  popu la t i ons  and a r e  almost t o t a l l y  uninformed on how these 
f e a t u r e s  change r e l a t i v e  t o  environment. We a l s o  know very  l i t t l e  about an 
animal ' s response t o  sampl i ng gear, because response depends upon s i  ze/age, 
p h y s i o l o g i c a l  s ta te ,  temperature, 1 i g h t ,  e tc .  

The performance o f  t h e  sampling t r a w l  i t s e l f  may va ry  i n  r e l a t i o n  t o  
depth, topography o f  t h e  sea bottom, su r face  and subsurface cu r ren ts ,  and t h e  
i n t e r a c t i o n  o f  these w i t h  t h e  speed o f  t h e  vessel. 
were kept  constant,  change i n  t h e  behav io r  o f  t h e  animals would s t i l l  present 
va r ious  p r o b a b i l i t i e s .  

Even i f  a l l  gear f a c t o r s  

3.2.1.2. Long l i ne  and Trap Surveys 

Long l i ne  and t r a p  surveys use passive gears, r e q u i r i n g  t h e  coopera t ion  
o f  t h e  f i s h  f o r  capture.  The cooperat ion,  o r  c a t c h a b i l i t y ,  v a r i e s  by species, 
s i z e  w i t h i n  species, area, season, t i m e  o f  day, t y p e  o f  gear, and o t h e r  
f a c t o r s .  A l l  o f  these f a c t o r s  i n t roduce  b iases  o f  va ry ing  and unknown degrees 
i n t o  t h e  surveys. Overa l l ,  t h e  bes t  r e s u l t s  ob ta inab le  w i t h  these gears 
i n c l u d e  statements o f  t h e  presence, b u t  no t  t h e  absence, o f  c e r t a i n  species, 
and crude es t imates  o f  r e l a t i v e  abundance. 
techniques, however, such as mark and recapture,  t h e y  w i l l  p rov ide  use fu l  
assessment i n fo rma t ion .  I n  general,  t r a p s  appear t o  c o l l e c t  a w ider  v a r i e t y  
o f  t h e  animal l i f e  o f  a p a r t i c u l a r  area, w h i l e  bottom l o n g l i n e s ,  by v i r t u e  o f  
hook and b a i t  s ize ,  t e n d  t o  c o l l e c t  t h e  l a r g e r  f i s h .  

When combined w i t h  o t h e r  survey 

The pr imary  advantage o f  bottom l o n g l i n e  and t r a p  surveys i s  t h a t  t h e y  
T h e i r  p rov ide  a means t o  sample areas which cou ld  no t  o therw ise  be surveyed. 

p r imary  disadvantage i s  t h e  unknown s e l e c t i v i t y  and t h e  r e s u l t i n g  i n a b i l i t y  t o  
use r e s u l t s  d i r e c t l y  f o r  stock assessment. 
t h e  same disadvantage, as w e l l  as r e q u i r i n g  s i g n i f i c a n t l y  more gear i n  a set ,  
t he reby  i n c r e a s i n g  costs. 

Pe lag i c  long1 i n e  surveys s u f f e r  
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Long l i ne  and t r a p  surveys have many inhe ren t  problems b u t  represent  
t h e  o n l y  a v a i l  ab le  f ishery- independent survey technique f o r  a c q u i r i n g  
i n f o r m a t i o n  on c e r t a i n  f i s h  stocks. S i g n i f i c a n t  increases i n  survey coverage 
w i t h  these techniques would g r e a t l y  enhance t h e  va lue  o f  t h e  r e s u l t s  and, i n  
tu rn ,  would p robab ly  p rov ide  needed i n f o r m a t i o n  w i t h  which t o  eva lua te  t h e i r  
e f fec t i veness .  A ma jor  advantage o f  these forms o f  surveys, much l i k e  t r a w l  
surveys, i s  t h a t  b i o l o g i c a l  i n f o r m a t i o n  (e.g.? growth ra te ,  age, s ize ,  sex, 
m a t u r i t y ,  f ecund i t y ,  t i s s u e  samples f o r  genet ic  s tud ies ,  food hab i t s ,  and 
p o p u l a t i o n  d i s t r i b u t i o n )  can be obtained from a g rea t  number o f  species w i t h i n  
t h e i r  area o f  p r imary  geographical d i s t r i b u t i o n .  
i n s i g h t  i n t o  dynamics o f  populat ions,  stock s t r u c t u r e ,  r e p r o d u c t i v e  p o t e n t i a l ,  
t r o p h i c  i n t e r a c t i o n s ,  etc., which cou ld  no t  be ob ta ined o therw ise  independent 
o f  t h e  f i s h e r i e s .  

Thus, t h e  surveys can g i v e  

3.2.2. V isua l  Counts 

3.2.2.1. A e r i a l  Surveys 

The general approach o f  a e r i a l  surveys f o r  stock assessment appears t o  
be use fu l  and, i n  some cases, i s  perhaps t h e  o n l y  p o s s i b l e  approach. I n  t h e  
case o f  t h e  porpo ise  popu la t i ons  o f f  Mexico and Cent ra l  America, f o r  example, 
ship-based surveys and mark-recapture s tud ies  have n o t  been adequate. 
method has t h e  advantage o f  be ing  r e l a t i v e l y  f a s t  t o  execute i n  t h e  f i e l d  and 
can be a p p l i e d  t o  l a r g e  areas e a s i l y .  
mammals, t h e r e  i s  l i t t l e  o r  no response by t h e  animals t o  t h e  a i r p l a n e  p r i o r  
t o  f i r s t  f l y - o v e r ;  i f  movement occurs, i t  i s  moderate and occasional .  The 
success o f  a e r i a l  surveys f o r  popu la t i on  assessment depends h e a v i l y  on t h e  
experimental des ign  and on t h e  assumptions t h a t  a l l  o f  t h e  animals a r e  seen on 
t h e  t r a c k l i n e  o r  i n  a g i ven  path. I n  add i t i on ,  t h e  l i n e  t r a n s e c t  methods r e l y  
on p r e c i s i o n  i n  measurements o f  t h e  d is tances  t o  t h e  s igh ted  ob jec ts .  

The 

As opposed t o  s h i p  surveys o f  marine 

The s t r e n g t h  o f  a e r i a l  surveys by commercial f i s h - s p o t t e r s  l i e s  i n  t h e  
re1 a t  i ve i nexpense o f  c o l  1 e c t  i ng abundance i nformat i on on 1 oca1 pel  ag i c  f i sh 
stocks because a e r i a l  f i s h - s p o t t e r s  a re  commonly u t i l i z e d  by t h e  f l e e t .  
p i l o t  logbook system may generate a s u p e r i o r  da ta  base f o r  stock assessment 
compared t o  t h e  usual vessel ca tch  and e f f o r t  data. Based on r e s u l t s  f rom t h e  
southern C a l i f o r n i a  example, t h i s  index o f  apparent abundance, c a l c u l a t e d  from 
s imp le  annual summaries, appears t o  be responsive t o  popu la t i on  f l u c t u a t i o n s  
when compared t o  o t h e r  measures o f  abundance. 
assessment method i s  o n l y  f e a s i b l e  f o r  e p i p e l a g i c  resources which spend a 
cons iderab le  p o r t i o n  o f  t h e i r  t i m e  near t h e  sur face  and a r e  commercial ly 
f i s h e d  w i t h  t h e  a i d  o f  s p o t t e r  a i r c r a f t .  

A 

Implementat ion o f  t h i s  

One weakness o f  the-method i s  t h a t  q u a l i t y  o f  t h e  da ta  i s  t h e  
r e s p o n s i b i l i t y  o f  t h e  con t rac ted  p i l o t s .  D i f f e rences  i n  t h e  p i l o t s '  searching 
a b i l i t i e s  and school s i z e  es t imates  must be considered i n  t h e  f i n a l  ana lys is .  
The u n i t  o f  measurement f o r  e f f o r t  i s  no t  p rec i se  and, t h e r e f o r e ,  adds 
var iance t o  t h e  est imate.  For  more s o p h i s t i c a t e d  a n a l y s i s  o f  var iance 
procedure, annual values o f  t h e  t i m e  s e r i e s  w i l l  change each t i m e  a new data  
y e a r  i s  added. 
measure o f  abundance cannot be d i r e c t l y  c a l c u l a t e d  from t h e  index. 

I n  t h i s  case, s ince  t h e  index i s  dimensionless, an abso lu te  
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As w i t h  a1 1 f i shery-dependent surveys, a e r i  a1 surveys by commerci a1 f i sh 
spo t te rs  s u f f e r  f rom t h e  f a c t  t h a t  t h e  sample obta ined i s  no t  random. 
i s  d i r e c t e d  toward those areas where communication and/or i n t u i t i o n  have 
i n d i c a t e d  tha t  f i s h  w i l l  be. 
s tandard i za t i on  o f  t h e  search e f f o r t  a re  impor tant  b u t  l a c k  g e n e r a l i t y  between 
surveys. Fishery- independent a e r i a l  surveys can so l ve  some o f  these problems 
o n l y  through increased cost.  
comparable s h i p  surveys, and t h e  assumptions o f  a n a l y s i s  a re  more c l o s e l y  met 
w i t h  a i r c r a f t .  Therefore,  f ishery- independent  a e r i a l  surveys should take  
t h e i r  proper  p lace  a long w i t h  o the r  survey methods f o r  s tock assessment 
anal y s i  s. 

Search 

Therefore, t h e  assumptions made t o  e f f e c t  

However, t h e  cos t  pe r  survey area i s  l e s s  than 

The problems w i t h  a e r i  a1 surveys (bo th  f i shery-dependent and 
-independent) a re  obvious: t hey  a re  l i m i t e d  t o  oceanic areas r e l a t i v e l y  c lose  
t o  l and  o r  l and ing  areas, and they survey on ly  t h e  sur face  l a y e r  o f  t h e  ocean. 
I n  add i t i on ,  t h e  p r o b a b i l i t y  o f  mechanical o r  human f a i l u r e s  increases w i t h  
extended f l i g h t  t imes and f l i g h t  frequency, and s a f e t y  becomes a 
cons idera t ion .  

Another problem w i t h  a e r i a l  surveys i s  t h e  i n a b i l i t y  t o  i d e n t i f y  
adequately t h e  species o r  s tock encountered and t o  o b t a i n  h i g h  p rec i s ion ,  low- 
b i a s  est imates o f  aggregat ion s ize.  These a b i l i t i e s  can be improved by 
comparing a e r i a l  s i g h t i n g s  wi th  shipboard sampling e f f o r t s ,  b u t  t h e  c o s t  o f  
do ing  so i s  great .  Other more techn ica l  methods have inc luded  photography 
which, under t h e  r i g h t  cond i t i ons ,  has proved t o  be use fu l .  

3.2.2.2. Land-based Counts 

The apparent advantage o f  count ing  methods f o r  marine mammals and 
t u r t l e s  i s  t h e  h igh  degree o f  p r e c i s i o n  which i s  achieved. The p r e c i s i o n  i s  
m i  s l  ead i ng , however , because t h e  number o f  animal s ( sea 1 i ons, whal es , 
porpo ise  o r  t u r t l e s )  which may be seen a t  any g iven t i m e  depends no t  on l y  on 
season b u t  a l s o  on t h e  t i m e  o f  day, weather, and o t h e r  f a c t o r s  which remain 
unknown. The b i a s  o f  t h e  counts may be reduced by proper  s t r a t i f i c a t i o n  o f  
t he  sampling e f f o r t ,  b u t  a t  an increased cost.  For  example, t h e r e  may be a 
pe r iod  d u r i n g  t h e  day i n  which t h e  number o f  animals a t  a sea l i o n  rookery i s  
a t  a maximum. I f  an a i r c r a f t  has t o  f l y  one hour each way t o  v iew t h e  rookery 
f o r  a sho r t  opt imal  per iod,  t hen  t h e  cos t  per  sample i s  la rge .  Fu r the r  study 
i s  needed t o  es t imate  t h e  miss ing  p r o p o r t i o n  o f  t h e  popu la t ion :  t h e  sea l i o n s  
no t  a t  t h e  rookery,  t h e  cetaceans o r  t u r t l e s  beneath t h e  v i s i b l e  sur face  
l a y e r ,  and t h e  t u r t l e s  no t  c raw l ing  up onto nes t i ng  beaches. U n t i l  t h a t  t ime, 
t h e  counts can be considered on ly  minimum est imates and, thus,  i n d i c e s  of 
abundance. 
can be very product ive.  

The use o f  counts i n  con junc t i on  w i t h  o t h e r  techniques, however, 

Fu ture  problem areas i n  which count ing  methodology might  be use fu l  l y  
app l i ed  i n c l u d e  assessing t h e  impact o f  ou te r  c o n t i n e n t a l  s h e l f  o i l  
development p r o j e c t s  and eva lua t i ng  t h e  i n t e r a c t i o n s  o f  marine mammal 
popu la t ions  w i t h  f i s h e r i e s .  
i n  abundance a re  necessary t o  assess t h e  s t a t u s  o f  mar ine mammal s tocks 
r e l a t i v e  t o  contemplated o r  ongoing management dec is ions.  

I n  e i t h e r  case, popu la t i on  est imates and t rends  
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3.2.2.3. Underwater Counts 

Underwater v i s u a l  forms o f  assessment can p rov ide  reasonably p r e c i s e  
and accura te  es t imates  o f  r e l a t i v e  abundance. 
however, and have s p a t i a l  and temporal l i m i t a t i o n s .  Man-in-the-sea approaches 
have t h e  added need f o r  s k i l l e d  and experienced observers, and t h e  
disadvantage o f  r i s k  t o  human l i f e .  

They a r e  expensive t o  conduct, 

3.2.3. F i s h  Egg and Larva Surveys 

Egg and l a r v a  surveys f o r  stock assessment have a number o f  
advantages. The sampling gear, exc lud ing  t h e  p la t fo rm,  i s  r e l a t i v e l y  
inexpensive,  and standard frames, nets, and var ious  f l o w  meters a r e  r e a d i l y  
a v a i l a b l e .  The survey can be conducted from any seaworthy vessel w i thou t  
ma jor  i n s t a l l a t i o n s  o f  equipment. 
q u a n t i t a t i v e  tows can be taken w i t h i n  t h e  accepted tow gu ide l i nes .  The 
technique can be a p p l i e d  t o  a wide v a r i e t y  o f  marine f i s h  species because most 
marine species have p e l a g i c  eggs and/or larvae. Simultaneous oceanographic 
measures o f  phys i ca l  and chemical environment o f  t h e  e p i p e l a g i c  zone can 
e a s i l y  be added t o  t h e  survey. P lank ton  samples c o n t a i n  no t  o n l y  f i s h  eggs 
and l a r v a e  o f  a v a r i e t y  o f  species, b u t  a l s o  i n f o r m a t i o n  on phy top lank ton  and 
o t h e r  zooplankton. 
i n f o r m a t i o n  can be gained on spawning seasons, d i s t r i b u t i o n  o f  t h e  a d u l t  
popu la t ion ,  and p o s s i b l e  stock boundaries. 

With r e l a t i v e l y  1 i t t l e  t r a i n i n g ,  standard 

I n  a d d i t i o n  t o  t h e  i n d i c e s  o f  abundance, cons ide rab le  

The method a l s o  has weaknesses. Species i d e n t i f i c a t i o n  o f  eggs and 
l a r v a e  i s  l i m i t e d ,  a l though g r e a t  s t r i d e s  have been made i n  recen t  years  f o r  
species o f  t h e  C a l i f o r n i a  Cur ren t  and i n  waters o f f  t h e  m i d - A t l a n t i c  states.  
The survey techn ique r e q u i r e s  a major commitment o f  vessel sea t ime, 
p a r t i c u l a r l y  i f  a t i m e  s e r i e s  o f  t h e  index o f  abundance i s  es tab l i shed.  It 
r e q u i r e s  a l a r g e  s t a f f  o f  marine techn ic ians ,  p lank ton  s o r t e r s ,  f i s h  
i d e n t i f i e r s ,  da ta  managers, and research personnel t o  c o l l e c t ,  process, and 
analyze t h e  samples. The a n a l y s i s  o f  t h e  da ta  can f o l l o w  acceptable 
s t a t i s t i c a l  procedures, b u t  a number o f  s t a t i s t i c a l  problems s t i l l  e x i s t  i n  
compi 1 i ng and i n t e r p r e t i n g  t h e  compl ex d i s t r i b u t i o n s  o f  sampl e egg and 1 arva  
data. The p o t e n t i a l  dynamics o f  stock f e c u n d i t y  r a t e  cou ld  add v a r i a t i o n  i n  
t h e  index values t h a t  would o therw ise  be i n t e r p r e t e d  as f l u c t u a t i o n  i n  stock 
abundance. T h i s  t o p i c  needs f u r t h e r  study. 

3.2.4. Remote Sensing 

3.2.4.1. Acous t ica l  Surveys 

The p r i n c i p a l  advantages o f  q u a n t i t a t i v e  echo sounder surveys inc lude:  
1) t h e  p o s s i b i l i t y  o f  o b t a i n i n g  i n f o r m a t i o n  on abundance o f  many pe lag ic ,  
semi-pelagic, and semi-demersal f i s h  s tocks  f o r  which t h e r e  a re  no p r a c t i c a l  
a l t e r n a t i v e  assessment methods, as w e l l  as p r o v i d i n g  i n f o r m a t i o n  needed f o r  
e v a l u a t i o n  o f  o t h e r  methods, e.g., bottom t r a w l  surveys f o r  semi-pelagic and 
semi-demersal stocks; 2) d i s t i n c t l y  g r e a t e r  sampl i n g  volume (most o f  t h e  
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water column) and sampling ra te  than other methods; 3 )  
a large q u a n t i t y  of information on d i s t r i b u t i o n ,  behavior, and potential 
vulnerabiity of many fish stocks, t h a t  i s  not  at tainable by other means; 4 )  
lower data collection costs than other methods i n  some cases, due t o  r a p i d  
geographic coverage, quantity of d a t a  collected per u n i t  time, and potential 
f o r  basic d a t a  processing t o  be done i n  real- time; 5 )  a theory of basic 
quantification technique, i .e., echo integration, which i s  well developed 
(Swingler and Hampton 1979);  6 )  the estimation of scale factors  required t o  
estimate absolute density ( v i a  target strength measurement and re1 ated 
s tudies) ,  usually a more t ractable  problem t h a n  t h a t  encountered when 
estimating similar factors (catchabil i t y  and other conversion coefficients) 
required for a l ternat ive survey methods; and 7 )  the a b i l i t y  t o  monitor 
calibration of sampl i n g  equipment continuously. 

the ab i l i t y  t o  provide 

Another advantage i s  the ab i l i t y  of the physical sc ien t i s t  t o  analyze 
theoretically the performance of hydroacoustical signal processing techniques. 
T h i s  advantage has t o  be qualified,  however, because i t  has too often focused 
an undue amount of attention on the ''worst case" l imitations of the method. A 
r ea l i s t i c  evaluation of the method's usefulness can only be done a f t e r  a f ish 
stock has been specified, and the desired types of information ( d i s t r i b u t i o n ,  
re1 a t  i ve abundance, absol ute abundance, etc.  ) and t hei r qual i t y  def i ned . The 
advantages and disadvantages of the t o t a l  survey process, therefore, must be 
considered. 

The main l imitations of quantitative echo sounder surveys are: 1) 
the inabi l i ty  t o  detect targets  on the seabed and a t  the surface, and sampl ing  
volume 1 imi ta t ions i n  near surface waters (or near transducer) ; 2 )  
inabi l i ty  t o  identify targets  direct ly ,  because identification i s  dependent on 
experienced personnel and/or  d i rect  capture techniques, the l a t t e r  be ing  
essential when collection of biological data i s  required; 3)  the requirement 
for  more highly trained equipment operators and technical support personnel 
than most other survey methods; 4 )  the echo integration technique which i s  
not applicable t o  species which frequently occur i n  densit ies h i g h  enough t o  
cause multiple scattering, s h a d i n g ,  e tc . ,  e.g., northern anchovy; however, 
echo sounder surveys of such species provide useful information on 
dis t r ibut ion,  behavior, and re la t ive  abundance; 5 )  the determination of scale 
factors required t o  convert echo integrator outputs t o  estimates of absolute 
density, a d i f f i cu l t  and complex t a sk ;  6 )  
t h a t  f o r  most other survey methods; however, as shown by i t s  widespread use by 
other nations, t h i s  i s  infrequently significant compared t o  the cost of 
research vessel time and the lack ofalternative methods; and 7 )  poorly 
understood capabi l i l t i es  and limitations o f  the method, and a theory t h a t  i s  
questioned. 

I n  any type of survey, knowledge of the stock's distribution- 
avai labi l i ty  pattern i s  c r i t i ca l  t o  the r e l i ab i l i t y  of abundance estimates 
derived by averaging and extrapolating the basic survey d a t a .  I t s  importance, 
however, tends t o  be overlooked when hydroacoustical methods are evaluated. 
Improvements i n  the precision and accuracy of the abundance estimates can d o  
nothing t o  correct for uncertainties i n  the dis t r ibut ion-avai labi l i ty  pattern. 
T h i s  has significant implications w i t h  respect t o  deciding which types of 
investigations s h o u l d  be pursued t o  improve the survey process. Although 
improvements i n  the precision and accuracy of estimates of echo integrator 

the 

higher i n i t i a l  equipment cost t h a n  
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outpu t  s c a l e  f a c t o r s  a r e  impor tan t  t o  i nc reas ing  t h e  r e l i a b i l i t y  o f  abso lu te  
abundance est imates,  i t  o f t e n  i s  e q u a l l y  impor tan t  t o  b e t t e r  d e f i n e  t h e  
s p a t i a l  and temporal d i s t r i b u t i o n  o f  t h e  s tocks  which a re  t h e  sub jec t  o f  
hydroacoust ic  surveys. 
gear, b u t  e i t h e r  an inc rease i n  t h e  i n t e n s i t y  o f  survey e f f o r t s ,  a change i n  
survey designs, or t h e  development o f  experimental surveys designed 
s p e c i f i c a l l y  t o  p rov ide  answers t o  t h e  d i s t r i b u t i o n  ques t i on  a r e  requ i red .  

For  stock assessment, sonar mapping prov ides  two ind i ces :  est imated 
number o f  f i s h  schools and est imated su r face  area o f  schools. The q u a l i t y  o f  
these es t imates  i s  determined by t h e  s u b j e c t i v i t y  o f  species i d e n t i f i c a t i o n  
and t h e  measurement o f  e f f e c t i v e  range i n t e r v a l .  Biomass es t imates  a re  based 
on t h e  t o t a l  su r face  area o f  schools, depending on school volume es t imates  and 
f i sh -pack ing  d e n s i t i e s .  
schools have a c o n s i s t e n t  geometric shape, such as a c y l i n d e r .  Squ i re  (1978) 
showed t h a t  t h e  assumption o f  a c i r c u l a r  school overest imates t h e  su r face  area 
by 72%. Because o f  t h e  l a r g e  v a r i a t i o n  i n  t h e  few es t imates  o f  f i sh-pack ing  
dens i t i es ,  t h e r e  i s  no r e l i a b l e  value t h a t  can be assumed f o r  any p a r t i c u l a r  
survey. Al though i t  i s  i n t e r e s t i n g  t o  assume va r ious  values o f  f i sh -pack ing  
dens i t i es ,  t h e r e  i s  no c r i t e r i o n  f o r  j udg ing  t h e  bes t  biomass es t ima te  from 
t h e  wide range o f  p o s s i b l e  values. On t h e  o t h e r  hand, i f  g r e a t  c a r e  has been 
taken each y e a r  t o  schedule t h e  survey each yea r  t o  c o i n c i d e  w i t h  pr ime 
c o n d i t i o n s  and t h e  t i m e  when t h e  t a r g e t  species i s  by f a r  t h e  dominant 
schoo l i ng  f i s h ,  t h e  es t ima te  o f  t h e  t o t a l  su r face  area o f  schooled f i s h  should 
t h e n  p rov ide  a good index o f  abundance o f  t h e  t a r g e t  species i n  t h e  upper 
mixed laye r .  

T h i s  can be done wi th  e x i s t i n g  survey equipment and 

Volume es t imates  depend on t h e  assumption t h a t  

Sonar mapping i s  a r e l a t i v e l y  qu ick  and compara t ive ly  inexpens ive  
survey method. 
presented soon a f t e r  t h e  end o f  t h e  survey. 
t o  be an e f f e c t i v e  survey method f o r  o n l y  a s h o r t  seasonal per iod.  

Survey r e s u l t s  a r e  r e l a t i v e l y  s imp le  t o  compi le and can be 
Sonar mapping, however, i s  l i k e l y  

3.2.4.2. Other Remote Sensing Methods 

Other remote sensing methods i n v o l v i n g  photography and TV images (bo th  
a e r i a l  and underwater) f o r  p r imary  means of d e t e c t i o n  a r e  n o t  used e x t e n s i v e l y  
i n  NMFS s tock  assessment programs. 
oceanographic parameters i n  stock assessment a n a l y s i s  i s  becoming t h e  t o p i c  o f  
a number o f  research e f f o r t s  w i t h i n  NMFS, b u t  they  a r e  no t  i n  general use y e t  
i n  r o u t i n e  s tock  assessment e f f o r t s .  Fo r  purposes o f  t h i s  repo r t ,  b r i e f  
comments on adequacy o f  these methods a re  i nc luded  i n  t h e  r e s p e c t i v e  
d e s c r i p t i o n  s e c t i o n  2.2.4.2. 
s t r i p  t r a n s e c t s  g i ven  i n  s e c t i o n  2.2.2.1 a l s o  a p p l i e s  t o  photographic and TV 
image surveys. 

The i n c l u s i o n  o f  remote measures o f  

Much o f  t h e  adequacy d i scuss ion  o f  l i n e  and 

3.2.5. Environmental I n d i c e s  

The use o f  environmental i n d i c e s  i n  stock assessment has proceeded i n  
two d i r e c t i o n s .  F i r s t ,  t h e  i n c o r p o r a t i o n  o f  environmental c o v a r i a t e s  i n t o  
c l a s s i c a l  f i s h e r y  management models has, i n  a number o f  instances, been 
successful  i n  reduc ing  t h e  var iance about f i t  o f  t h e  models. 
has been d i r e c t e d  toward understanding causal mechanisms by which 

Second, research 
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environmental  c o n d i t i o n s  a f f e c t  t h e  s u r v i v a l  o f  f i s h  i n  marine populat ions.  
P a r t i c u l a r  emphasis has been p laced on e a r l y  l i f e  stages where rec ru i tmen t  
l e v e l s  a re  determined. These s tud ies  have on ly  been p o s s i b l e  f o r  those s tocks 
having a v a i l a b l e  an accumulated i n f o r m a t i o n  base on s tock s t ruc tu re ,  
recru i tment ,  and/or d e t a i l e d  ca tch  s t a t i s t i c s .  I n  general ,  necessary 
environmental  da ta  t i m e  s e r i e s  a re  on ly  a v a i l a b l e  f o r  a few o f  t h e  more common 
parameters. I n  most cases, these da ta  must be synthes ized by t h e  approp r ia te  
t ime/area scale,  which can be expensive and time-consuming. Furthermore, t h e  
key environmental  v a r i a b l e s  w i l l  p robably  no t  be those t h a t  a r e  r o u t i n e l y  
monitored, such as sur face  ocean temperatures, wind, etc.  Because t h e  
i n t e r a c t i o n  between popu la t i on  dynamics and t h e  environment i s  complex, i t  i s  
q u i t e  l i k e l y  t h a t  one o r  a se t  o f  environmental  i n d i c e s  w i l l  be found on ly  f o r  
t h e  c r i t i c a l  o r  more understood species f o r  which s tock assessment can be 
improved. 
implemented i n t o  r o u t i n e  s tock assessment analyses t o  generate t i m e l y  
i n f o r m a t i o n  f o r  f i s h e r y  managers. I f  such models prove v a l i d  w i t h  cont inued 
mon i to r i ng  o f  t h e  s tocks and environment, i t  i s  on l y  a ma t te r  o f  t i m e  be fo re  
f i s h e r y  managers w i  11 use environmental  i n f o r m a t i o n  t o  f o r e c a s t  recru i tment ,  
s tock  l e v e l s ,  and e x p l o i t a t i o n  ra tes .  

Few, i f  any, o f  these research s tud ies  t o  da te  have been 

3.3. F i s h e r i e s  Ana lys is  f o r  Stock Assessment 

Models used f o r  s tock assessment at tempt  t o  represent ,  w i t h  a s e r i e s  o f  
equat ions,  t h e  b i o l o g y  o f  t h e  f i s h e r i e s  on a p a r t i c u l a r  stock. 
i s  necessary t o  make a number o f  s i m p l i f y i n g  assumptions. 
stock increases, and as t h e  t i m e  s e r i e s  o f  f i s h e r i e s  da ta  becomes longer ,  t h e  
degree o f  complex i ty  o f  t h e  model can be increased and t h e  number o f  
assumptions reduced. Th is  e v o l u t i o n  through a s e r i e s  o f  i n c r e a s i n g l y  complex 
models i s  common. 
p roduc t i on  model a re  as f o l l o w s :  

To do t h i s ,  i t  
As knowledge o f  t h e  

For  example, t h e  major assumptions associated w i t h  t h e  

1) The f i s h e r y  can reach an equ i l i b r i um;  i.e., s tock s t r u c t u r e  w i l l  
a d j u s t  t o ,  and s t a b i l i z e  a t  a g iven constant  l e v e l  o f  f i s h i n g  e f f o r t .  

2 )  Environmental f a c t o r s  a re  constant  o r  average out  over t h e  l o n g  term. 

3 )  The f i s h e r y  i s  ope ra t i ng  on a " u n i t  stock," i.e., a stock capable o f  
independent e x p l o i t a t i o n  o r  management and con ta in ing  as much o f  an 
i n te r -b reed ing  u n i t ,  o r  as few r e p r o d u c t i v e l y  i s o l a t e d  u n i t s ,  as 
poss ib le .  

4 )  One u n i t  o f  f i s h i n g  e f f o r t  produces t h e  same r e l a t i v e  e f f e c t  on t h e  
stock;  t h a t  i s ,  i t  catches t h e  same percentage o f  t h e  stock,  
regard less  o f  t h e  t i m e  o r  p lace  i t  i s  appl ied,  o r  o f  t h e  s i z e  o f  t h e  
stock. 

5 )  The r a t e  o f  na tu ra l  increase o f  s tock responds immediately t o  changes 
i n  popu la t i on  dens i t y ;  i.e., t h e  t ime  l a g  between spawning and 
rec ru i tmen t  o f  progeny t o  t h e  ca tchab le  s tock i s  ignored. 

6) The r a t e  o f  na tu ra l  increase a t  a g iven weight o f  popu la t i on  i s  
independent o f  t h e  age composi t ion o f  t h e  populat ion.  
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As more da ta  become a v a i l a b l e  and b i o l o g i c a l  know1 edge accumulates, a 
y i e l d - p e r - r e c r u i t  model may be fo rmula ted  t o  account s p e c i f i c a l l y  f o r ,  o r  
r e l a x  a number o f ,  t h e  above assumptions, i n c l u d i n g  a t  l e a s t  numbers 4, 5 and 
6. 
i n t e r p r e t e d  w i t h  caut ion .  When inadequate da ta  a r e  used, t h e  r e s u l t s  a r e  
usual l y  1 i t t l e  more t h a n  p r o  forma and should be c l e a r l y  recognized as such. 
The major  b e n e f i t  o f  standard f i s h e r i e s  models i s  t o  p rov ide  a t h e o r e t i c a l  
framework f o r  understanding t h e  f u n c t i o n i n g  o f  a f i s h  stock under e x p l o i t a t i o n  
and f o r  e s t i m a t i n g  s tock  parameters. I n  add i t i on ,  t h e  a p p l i c a t i o n  o f  t h e  
model i t s e l f  w i l l  o f t e n  p o i n t  ou t  da ta  d e f i c i e n c i e s  and, consequently, w i l l  
d i r e c t  f u t u r e  da ta  a c q u i s i t i o n .  

Thus, even when s u f f i c i e n t  da ta  a re  ava i l ab le ,  t h e  r e s u l t s  must be 

The ques t i on  o f  adequacy, then, i s  no t  j u s t  one o f  adequacy o f  t h e  models 
b u t  a l s o  adequacy o f  t h e  da ta  base and o f  t h e  c r i t e r i a  f o r  choosing t h e  proper  
model. It must be decided whether a s ing le -spec ies  r e p r e s e n t a t i o n  w i l l  
s u f f i c e  f o r  management o r  i f  a m u l t i s p e c i e s  ecosystem model i s  requ i red ,  
b e f o r e  meaningful management adv ice  f o r  a s p e c i f i c  f i s h e r y  can be o f fe red .  I f  
t h e  l a t t e r ,  a da ta  base i s  needed upon which es t imates  o f  t h e  parameters o f  
m u l t i s p e c i e s  h o l i s t i c  ecosystem-type approaches can be based. It i s  i n  t h i s  
area t h a t  f i s h e r i e s  a n a l y s i s  i s  lack ing .  

3.4. Geographic Coverage 

I n f o r m a t i o n  on t h e  s tocks  o f  f i s h e s  and marine mammals f o r  which NMFS 
Research Centers a r e  c u r r e n t l y  under tak ing  stock assessment s t u d i e s  i s  g i ven  
i n  Table 5. 
importance o f  t h e  technique, frequency o f  assessment, c h a r a c t e r  o f  t h e  survey, 
and coopera t i ve  na tu re  o f  assessment, i f  re levant .  

F o r  each assessment a c t i v i t y ,  i n f o r m a t i o n  i s  p rov ided on t h e  

One hundred and f i f t y  d i f f e r e n t  s tocks  a r e  c u r r e n t l y  be ing  assessed by 
t h e  NMFS Research Centers. I n  general,  these a re  t h e  s tocks  t h a t  have been 
i d e n t i f i e d  i n  f i s h e r i e s  management plans. 
based on t h e  bes t  s c i e n t i f i c  i n f o r m a t i o n  ava i l ab le ,  i s  adequate o n l y  i n  t h e  
con tex t  o f  t h e  p r o  forma requirements o f  t h e  act. T h i s  i s  t h e  case f o r  many 
minor f i s h e r i e s  and f o r  many s tocks  t h a t  occur as by-catches i n  t a r g e t e d  
f i s h e r i e s .  
Table 5 does n o t  n e c e s s a r i l y  imp ly  t h a t  i t  i s  "adequate." 

I n  many cases t h e  assessment, w h i l e  

Consequently, t h e  f a c t  t h a t  a method i s  l i s t e d  as ' 'pr imary" i n  

Fo r  most stocks, t h e  pr imary  technique o f  stock assessment i s  a n a l y s i s  o f  
f i s h e r i e s  s t a t i s t i c s .  
p roduc t i on  s t a t i s t i c s .  However, i n  a l l  assessments, f i s h e r i e s  s t a t i s t i c s  
p rov ide  b a s i c  i n f o r m a t i o n  and da ta  e s s e n t i a l  t o  more s o p h i s t i c a t e d  ana lys is .  
The l a t t e r  a r e  p o s s i b l e  when s t a t i s t i c a l  da ta  on e f f o r t ,  s ize ,  age, and growth 
c h a r a c t e r i s t i c s  a r e  ava i l ab le .  

I n  many cases, these a re  l i m i t e d  t o  ca tch  and 

Stock assessments a r e  f r e q u e n t l y  augmented by survey da ta  c o l l e c t e d  by 

Table 5 i n d i c a t e s  t h a t  t r a w l  surveys o f  a d u l t s  a re  t h e  most 
Trawl surveys have a l o n g  h i s t o r y  o f  

research  vessels independent o f  t h e  b iases  i nhe ren t  i n  da ta  f rom t h e  f i s h e r i e s  
themselves. 
f r e q u e n t l y  employed survey technique. 
use and p rov ide  samples from mixed f i s h  popu la t i ons  t h a t  can be used t o  
e x t r a c t  species, s ize ,  and age da ta  needed f o r  f u r t h e r  ana lys is .  
a l s o  p rov ide  da ta  on enviromental  parameters, assoc ia t ions ,  and feed ing  t h a t  
a re  needed f o r  eco log i ca l  s tud ies .  

Such surveys 
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Table 5.--cont. 

SOURCE OF DATA 

CODES 

Data Usage 

0 Used but not adequate method 
1 Primary method 
2 Secondary method 
3 Developmental stages only 

Frequency 

D 
M 
Bi 
N 
Q 
S 
Tr 
A 
B 
T 

Ad hoc - special purpose 
Monthly 
Bi-monthly 
Monthly in season 
Quarterly 
Semi-annual 
Tri-annual 
Annual 
Biennial 
Triennial 

Survey Type 

b biomass index 
i relative abundance 
q qualitative index 
t total counts 

Cooperative Source 

Fo Foreign cooperative research 
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Acoust ica l  remote sensing techniques have been t h e  sub jec t  o f  
cons iderab le  research i n  recent  years,  and t h e i r  a p p l i c a t i o n  has become t h e  
p r e f e r r e d  method f o r  survey ing schoo l ing  pe lag i c  f i s h  (anchovy, cape l i n ,  
h e r r i n g ,  etc.) and semi-demersal f i s h  ( P a c i f i c  wh i t ing ,  po l l ock ,  e tc . ) .  Egg 
and l a r v a l  surveys p rov ide  comprehensive assessment da ta  bu t  have most 
f r e q u e n t l y  been app l i ed  t o  pe lag i c  f i s h .  

F i n a l l y ,  i t  should be noted t h a t  Table 5 does no t  l i s t  c e r t a i n  impor tant  
stocks. I n  general ,  these i n c l u d e  t h e  complex a r ray  of near-shore o r  shoal 
water species e x p l o i t e d  p r i n c i p a l l y  by marine r e c r e a t i o n a l  f ishermen, and a 
number o f  species which occur p r i m a r i l y  as by-catch i n  commercial f i s h e r i e s .  

3.5. F inanc ia l ,  Personnel, and Vessel Resources 

A breakdown o f  t h e  funds and p o s i t i o n s  expended f o r  research a t  NMFS 
Centers and Regions d u r i n g  F i s c a l  Year 1979 i s  g iven  i n  Table 6. O f  t h e  
na t i ona l  t o t a l  made a v a i l a b l e  f o r  research (approx imate ly  $41.5 m i l l i o n ) ,  59% 
was made a v a i l a b l e  f o r  s tock assessment a c t i v i t i e s ,  and another  9% was 
a1 l oca ted  t o  t h e  development o f  s tock assessment theo ry  and/or survey 
technology. Management cos ts  were no t  inc luded as research. 
t h e  l i n e  i t em t i t l e  serves as an accurate d e s c r i p t o r  o f  t h e  research a c t i v i t y  
category.  Besides "Stock Assessment" and "Stock Assessment Theory 
Development," t h e  1 i n e  i tems "F i she r ies  Oceanography," "Survey Technology 
Devel opment , 'I "F i s her  i es Ha b i t a t  I nvest  i gat  i ons , I' 'I I ncreas i ng Use o f  
Resources," "Aquaculture," and "F i she r ies  Products Qual i t y  and Safe ty "  a re  
used as research a c t i v i t i e s  ca tegor ies  i n  t h i s  ana lys is .  
i nc ludes  most o f  t h e  a c t i v i t i e s  i n  t h e  "Resource Surveys'' and "Data Ana lys is "  
l i n e  i tems o f  MARMAP, c o l l e c t i o n  o f  Commercial and Recreat iona l  F i s h e r i e s  
S t a t i s t i c s ,  c o l l e c t i o n  o f  b i o l o g i c a l  i n f o r m a t i o n  through t h e  Fore ign  Vessel 
Observer Program, and s tud ies  o f  Recreat ional  Fish,  Marine Mammals, Endangered 
Species, and Anadromous Fish.  
Development" i s  de r i ved  from a c t i v i t i e s ,  inc luded i n  "Data Ana lys is "  l i n e  
items, which devote s i g n i f i c a n t  e f f o r t  t o  improv ing our  understanding o f  
f i s h / f i s h - m u l t i s p e c i e s ;  ecosystem modeling would be inc luded i n  t h e  category.  

budgetary l i n e  i tems from which t h i s  i n f o r m a t i o n  i s  de r i ved  (i.e., f rom 
c u r r e n t  y e a r  task  p lans) .  
F igu re  19 represent  general comparisons. For  example, some o f  t h e  h a b i t a t  
i n v e s t i g a t i o n  work ( e s p e c i a l l y  i n  t h e  nor thwest)  cou ld  w e l l  be assigned t o  
"Stock Assessment" o r  "Stock Assessment Theory Devel opmentll categor ies.  
l a r g e  m a j o r i t y  o f  funds a v a i l a b l e  f o r  research has, i n  recent  years,  been 
spent on s tock assessment a c t i v i t i e s ,  a l though a growing p r o p o r t i o n  o f  
research i n  some reg ions  i s  channeled t o  undertake a v a r i e t y  o f  f i s h e r i e s  
h a b i t a t  i nves t i ga t i ons .  O f  t h e  788 f u l l t i m e  permanent c e i l i n g s  a v a i l a b l e  f o r  
research, 54% were a l l o c a t e d  t o  t r a d i t i o n a l  stock assessment a c t i v i t i e s  and 
another 10% t o  undertake t h e  development o f  s tock assessment theo ry  and/or 
survey technology. Al though t h e  remaining research ca tegor ies  a re  i t em ized  
separa te ly ,  t hey  a re  no t  i n  a l l  ins tances mu tua l l y  e x c l u s i v e  f rom stock 
assessment a c t i v i t i e s .  Areas o f  research, such as f i s h e r y  oceanography and 
f i s h e r y  h a b i t a t  i n v e s t i g a t i o n s ,  c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  e v o l u t i o n  o f  
stock assessment theo ry  and/or t h e  development o f  l i f e  h i s t o r y  i n f o r m a t i o n  

I n  many cases, 

"Stock Assessment" 

The category o f  "Stock Assessment Theory 

There i s  some a r t i f i c i a l i t y  i n  t h e  assignment o f  f i e l d  s t u d i e s  t o  

Therefore, t h e  numbers g iven i n  Table 6 and 

A 
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Table 6.--Breakdown of approximate funds and positions devoted to 
research at NMFS Centers and Regions.l/ 
of total spent on research.) 

Percentages are 

Types of research SK # Pos. 
( % I  ( % I  

Stock 
assessment 

24,308.1 425 
(59%) (54%) 

Stock assessment 2,980.1 54 
theory development (7%) (7%) 

Survey technology 
development 

Fisheries habitat 
investigations 

Increasing use of 
re sources 

Aquaculture 

Fisheries 
oceanography 

921.5 23 
(2%) (3%) 

4,721.9 125 
(11%) (16%) 

1,542.9 45 
(4%) (6%) 

3,678.6 61 
(9%) (8%) 

1,136.1 22 
(3%) ( 3 % )  

Fisheries products 2,067.3 33 
quality and safety (5%) (4%) 

Total research 41,356.5 788 

- 1/ Approximate figures for funding and personnel were derived 
by categorization of FY 1979 CYTPs. 
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Allocation of funds 

F i g u r e  

Fisheries product quality - 
and safety .......... 

Fisheries oceanography ..... 

......... .......... .......... .......... .......... 
..... ..... ..... .... 

Increasing use 

Aquaculture 

o f  resources 

F islieries habitat 
investigations 

S u rve y tec li no I og y 
development 

Stock assessment theory - 
deve I op me n t 

Allocation of personnel 

and safety 

Fisheries OceanograPhY -’ 
Aquaclllture - 

Increasing use 
of resources 

Fisheries habitat 
investigations 

Stock assessment theow -- 

Survey technology 
development 

development 

19. --NMFS al.location of research iesvurces, FY 1979 

(Centers  and reg ions  combined) 

Traditional stock 
assessment 

Traditional 
assess m e n  t 

stock 
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which i s  c r i t i c a l  i n  t h e  execut ion  o f  stock assessment work. 
no s i n g l e  research ca tegory  can stand alone, due t o  t h e  l a r g e  degree o f  
interdependence i n  t h e  progress o f  marine science. 
a l l o c a t i o n  o f  personnel and funds depends, t o  a degree, on t h e  urgency o f  
i n f o r m a t i o n  requirements and t h e  adequacy o f  suppor t i ng  s c i e n t i f i c  s t u d i e s  i n  
t h e  o t h e r  d i s c i p l i n e s .  

I n  t h i s  sense, 

I n  a l l  NMFS Centers, t h e  

Another ma jor  i n p u t  t o  stock assessment i s  t h e  use o f  surveys o f  va r ious  
k inds  ( t r a w l ,  eggs and la rvae,  hydroacoust ica l ,  and environmental)  conducted 
from NOAA, NMFS, and c h a r t e r  vessels. Approximately 95% o f  t h e  3,215 sea days 
used by NMFS i n  F i s c a l  Year 1979 was i d e n t i f i e d  as c o n t r i b u t i n g  t o  stock 
assessment research. 
assessment surveys by vessel type. 

Table 7 l i s t s  t h e  number o f  sea days used f o r  stock 

Tab le  7.--FY 1979 sea days used f o r  assessment surveys 
by  vessel category. 

Vessel ca tegory  Number o f  sea days 

NOAA f l  ee t  
NMFS program vessel 
Char te r  
Fo re ign  vessel s 
Other 

To ta l  

1,710 
400 
460 
400 
100 

3,070 

F i s h e r y  Centers vary  g r e a t l y  i n  t h e  u t i l i z a t i o n  o f  surveys as a method o f  
assessment (Table 8). 
resources, research  i n t e r e s t s ,  and needs i n  each Region, a l l  o f  which h e l p  
de termi  ne where t h e  c u r r e n t  research emphasis w i  11 be. 

Th is  i s  due t o  t h e  i nhe ren t  d i f f e r e n c e s  i n  a v a i l a b l e  

Tab le  8.--Sea days used f o r  assessment surveys by NMFS 
F i s h e r i e s  Centers d u r i n g  f i s c a l  yea r  1979. 

Center Number o f  sea davs 

NWAFC 
NEFC 
SWFC 
SEFC 

To ta l  

1,254 
770 
722 
274 m 
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3.6. Technol ogy 

The techno log ica l  adequacy o f  t h e  d i f f e r e n t  resource assessment methods 
employed by NMFS has no t  been d i r e c t l y  evaluated i n  t h i s  repo r t .  
adequacy r e l a t e s  p r i m a r i l y  t o  t h e  accuracy o f  survey samples, which, f o r  t h e  
most par t ,  i s  l a r g e l y  unknown. 
a v a i l a b l e  w i th  which t o  computeaccurately sampling e f f i c i e n c i e s  f o r  one o f  our  
p r imary  assessment t o o l s  -- t h e  survey t raw l .  
techno1 ogy , whi 1 e no t  r e v o l  u t i  on i  z i  ng resource assessment, cou l  d a i d  
s i g n i f i c a n t l y  i n  e s t a b l i s h i n g  accuracy l e v e l s ,  which, i n  tu rn ,  would increase 
conf idence i n  survey r e s u l t s .  

Th is  

For  example, almost no i n f o r m a t i o n  i s  

Advances i n  approp r ia te  

Throughout t h i s  repo r t ,  t h e  need f o r  f i sher ies- independent  surveys has 
been stressed; ye t ,  f o r  a number o f  our most impor tan t  f i s h e r i e s ,  t h e  
technology f o r  independent surveys i s  lack ing .  Examples i n c l u d e  menhaden and 
o the r  shal low water coas ta l  pe lag i c  species i n  t h e  southeast, oceanic pe lag ics  
such as b i l l f i s h  and tunas, most r e e f  f i s h  species, and many crabs. 
l i s t s  many more species where f i sher ies- independent  surveys a re  not,  o r  a re  
seldom, used because c o s t - e f f e c t i v e  survey techno log ies  a re  l ack ing .  

Table 5 

There are  many o t h e r  areas i n  s tock assessment where techno log ica l  
advancements, w h i l e  no t  r e v o l u t i o n i z i n g  assessment s t r a t e g i e s ,  should 
never the less s i g n i f i c a n t l y  improve our  understanding o f  f i s h e r y  ecosystems. 
The remote sensing technologies,  i n c l u d i n g  ocean acous t ics  and aerospace 
remote sensing, o f f e r  many p o t e n t i a l s ,  rang ing  from improvements i n  
a p p l i c a t i o n s  o f  t r a d i t i o n a l  sampling techniques, t o  synopt ic  mon i to r i ng  o f  
e s t u a r i n e  and oceanic parameters a f f e c t i n g  t h e  d i s t r i b u t i o n ,  movement, 
recru i tment ,  and general we l l -be ing  o f  f i s h  stocks. I n  a d d i t i o n ,  synopt ic  
i n f o r m a t i o n  on ocean p r o d u c t i v i t y ,  c i r c u l a t i o n ,  source and f a t e  o f  p o l l u t a n t s ,  
water mass pa t te rns ,  and o t h e r  parameters should s i g n i f i c a n t l y  a i d  i n  
mon i to r i ng  t h e  dynamics o f  mar ine ecosystems and, i n  t u r n ,  improve our  a b i l i t y  
t o  a b s t r a c t  and model f i s h e r y  ecosystems. 

Technol og i ca l  advancements a1 so a re  needed speci  f i c a l  l y  t o  reduce t h e  
amount o f  l a b o r  needed t o  age f i s h  (e.g., automat ic sca le  readers)  and t o  
s o r t ,  count, and i d e n t i f y  f i s h  eggs and larvae.  Advancements i n  t h e  
technology r e l a t e d  t o  ma te r ia l s ,  hydrodynamic s t a b i l  i t y ,  and attachment 
procedures f o r  f i s h  tags  a re  a l s o  needed t o  improve r e t e n t i o n  c h a r a c t e r i s t i c s  
f o r  long- term tagg ing  s tud ies .  Technological  improvements i n  t r a c k i n g  
techno log ies  f o r  f i s h ,  mar ine mammals, and sea t u r t l e s ,  such as those o f f e r e d  
by s a t e l l i t e s ,  would a l s o  p rov ide  a c a p a b i l i t y  t o  mon i to r  t h e  movements and 
m i g r a t i o n  p a t t e r n s  o f  these animals over  t h e i r  e n t i r e  d i s t r i b u t i o n a l  range and 
throughout  a s i g n i f i c a n t  p o r t i o n  o f  t h e i r  l i f e  cyc le .  

Technol ogy a1 so cou ld  improve c u r r e n t  methods o f  ga the r ing  f i shery 
s t a t i s t i c s  and, a t  t h e  same t ime, reduce l a b o r  costs.  
s imple dev ices p laced on commercial t r a w l s  t o  mon i to r  ac tua l  t i m e  f ished,  t o  
more compl i c a t e d  da ta  l ogger  systems aboard research vessel s t o  record  
au tomat i ca l l y  vessel  l o c a t i o n  and a c t i v i t y .  S a t e l l i t e  mon i to r i ng  o f  f i s h i n g  
e f f o r t  and d i s t r i b u t i o n  cou ld  a l s o  be an impor tan t  c o n t r i b u t i o n ,  us ing  
technology such as t ransponders on t h e  vessels t o  p rov ide  l o c a t i o n  i n f o r m a t i o n  
and f i s h e r y  independent methods such as s y n t h e t i c  ape r tu re  radar  s u r v e i l l a n c e  
approaches. 

Examples range from 
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Advances i n  computer and communication techno log ies  should a l s o  have 
s i g n i f i c a n t  b e n e f i t s  f o r  stock assessment. These l a t t e r  techno log ies  should 
p rov ide  new c a p a b i l i t i e s  i n  a p p l i c a t i o n s  o f  complex m u l t i d i s c i p l i n e  and 
mu l t i spec ies  a n a l y t i c a l  and s i m u l a t i o n  approaches t o  resource assessment and 
management quest ions.  

t o  be t h e  sub jec t  o f  a d d i t i o n a l  s tud ies  proposed by NOAA and t h e  O f f i c e  o f  
Techno1 ogy Assessment. 

Eva lua t i on  o f  such techno log ies  i s  beyond t h e  scope o f  t h i s  r e p o r t  b u t  i s  
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4.0. COMMUNICATION OF RESULTS 

The communication process i s  a v i t a l  l i n k  between t h e  s c i e n t i s t s  
p repar ing  s tock assessments and t h e  user  groups ( i n d u s t r y ,  counc i l s ,  s ta tes ,  
NMFS management components, o t h e r  management agencies, etc.) .  
n o t  merely t h e  d isseminat ion  o f  assessment r e s u l t s  t o  t h e  users b u t  a l s o  
inc ludes  p a r t i c i p a t i o n  by t h e  users i n  p lann ing  s c i e n t i f i c  s tud ies  (e.g., 
t r a w l  surveys) which w i l l  p rov ide  da ta  t o  be used i n  t h e  assessments, and i n  
rev iew o f  t h e  r e s u l t s  and i m p l i c a t i o n s  o f  t h e  assessments. 

Th is  process i s  

Communication begins i n  t h e  p lann ing  phase o f  t h e  assessment process. 
Cur ren t ly ,  counc i l ,  s ta te ,  i n d u s t r y ,  and academic rep resen ta t i ves  meet wi th  
NMFS s c i e n t i s t s  f rom t h e  Southwest and t h e  Northwest and Alaska F i s h e r i e s  
Centers, t o  a s s i s t  i n  t h e  p lann ing  o f  resource surveys. Such user  group 
p a r t i c i p a t i o n  a l s o  occurs t o  some ex ten t  i n  t h e  Nor theast  and Southeast 
F i s h e r i e s  Centers. Th is  involvement i s  v i t a l  i n  e s t a b l i s h i n g  understanding 
and cooperat ion,  and i n s u r i n g  t h a t  t h e  assessment r e s u l t s  w i l l  have 
c r e d i b i l i t y  w i t h  t h e  users. 
i n t e r p r e t a t i o n ,  NMFS s c i e n t i s t s  can, should, and do con fe r  w i t h  i n d u s t r y  and 
o the r  user  components t o  o b t a i n  suppor t ing  q u a n t i t a t i v e  and q u a l i t a t i v e  
in fo rmat ion .  P a r t i c i p a t i o n  by NMFS s c i e n t i s t s  on s c i e n t i f i c  and s t a t i s t i c a l  
committees o f  f i s h e r y  management counc i l s ,  counc i l  ove rs igh t  committees, 
va r ious  p lann ing  committees, etc., prov ides formal means f o r  exchange o f  
ideas, proposals,  and r e s u l t s ,  which serve t o  enhance t h e  communicative 
process. 
f ede ra l - s ta te -counc i l  assessment workshops has been h e l d  f o r  t h e  purpose o f  
rev iew ing  NMFS assessments, i n c l u d i n g  data bases and t h e i r  l i m i t a t i o n s  and 
inadequacies, areas o f  needed research, etc.; rev iewing  s t a t e  research 
a c t i v i t i e s  which r e l a t e  t o  assessment data needs; and e s t a b l i s h i n g  and 
f u r t h e r i n g  channels o f  communication among s c i e n t i s t s .  

Dur ing t h e  process o f  da ta  a n a l y s i s  and 

I n  t h e  Nor theast  F i s h e r i e s  Center, a s e r i e s  o f  reg iona l  

I n  t h e  Southeast F i s h e r i e s  Center, which prov ides  s c i e n t i f i c  suppor t  f o r  

Focusing t h e  exchange 
t h r e e  Counci ls,  t h e  O f f i c e  o f  F i she ry  Management was es tab l i shed  as t h e  
pr imary i n t e r f a c e  between t h e  Counci ls  and t h e  Center. 
o f  needs and i n f o r m a t i o n  through a pr imary channel, r a t h e r  than  hav ing t h e  
t h r e e  Counci ls  deal  independent ly  w i t h  each o f  t h e  Center 's  seven 
l a b o r a t o r i e s ,  has c o n t r i b u t e d  t o  enhancing t h e  communication process i n  t h e  
southeast. 

Adequate communication i s  e s s e n t i a l  f o r  t h e  d isseminat ion  o f  assessment 
r e s u l t s .  
i n  a v a r i e t y  o f  ways and i n  va ry ing  degrees o f  f o r m a l i t y  and complex i ty .  
I n i t i a l  phases i n c l u d e  t h e  d i s t r i b u t i o n  o f  t r a w l  survey r e s u l t s  i n  t h e  form o f  
i n d u s t r y  o r  f ishermen's  repor ts .  In fo rmal  c r u i s e  r e p o r t s  a re  a l s o  issued, 
which desc r ibe  t h e  general ob jec t i ves ,  scope o f  a c t i v i t y ,  and r e s u l t s  o f  each 
survey. 
composi t ion o f  species catches on a per  tow basis.  

Th is  should e s s e n t i a l l y  be a cont inuous process t h a t  can go fo rward  

These r e p o r t s  i n c l u d e  t h e  l o c a t i o n ,  magnitude, and approximate s i z e  

Assessment r e s u l t s  ( i  .e., recen t  harvest  l eve l s ,  ca tch-per -un i t  e f f o r t ,  
survey abundance ind ices ,  es t imates  of stock s ize,  recru i tment ,  and f i s h i n g  
m o r t a l i t y  and prognosis  o f  f u t u r e  ca tch  l e v e l s )  f o r  species-stocks o f  concern 
are  presented i n f o r m a l l y  t o  Counci ls,  i ndus t r y ,  etc., a t  which t i m e  t h e r e  i s  
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o p p o r t u n i t y  f o r  user  group c r i t i c i s m  and v e r i f i c a t i o n .  
enhanced by t h e  use o f  v i s u a l  a ids  and non-technical  vocabulary t o  ensure 
maximal understanding by t h e  audience. 

Presenta t ions  may be 

Fol 1 owi ng compl e t i  on o f  a1 1 assessment analyses, a f i nal  repo r t ,  
genera l l y  i n  t h e  format  o f  a l a b o r a t o r y  re fe rence repo r t ,  t e c h n i c a l  repo r t ,  o r  
o the r  i n t e r n a l  document, i s  prepared and issued t o  t h e  counc i l s ,  s ta tes ,  
i ndus t r y ,  NMFS management components, and others.  Where management may 

* i n v o l v e  an i n t e r n a t i o n a l  commission, t h e  r e p o r t  may be issued as a research 
document t o  I n t e r n a t i o n a l  Nor th  P a c i f i c  F i s h e r i e s  Commission, I n t e r n a t i o n a l  
Convention f o r  Conservat ion o f  A t l a n t i c  Tuna, I n t e r n a t i o n a l  Commission f o r  
Nor th  A t l a n t i c  F i she r ies ,  e tc .  
comprise t h e  s c i e n t i f i c  i n p u t  t o  f i s h e r y  management p lans o r  amendments 
there to .  
an annual s ta tus-o f - the-s tocks  r e p o r t  i s  issued as an i n t e r n a l  document t o  
summarize t h e  most recent  assessment f o r  each species-stock done a t  t h a t  
Center. 
managers and others.  

F i n a l  w r i t t e n  r e p o r t s  a t  t h i s  s tage genera l l y  

I n  some o f  t h e  Centers, p a r t i c u l a r l y  t h e  Nor theast  F i s h e r i e s  Center, 

Th i s  document has proved t o  be o f  p a r t i c u l a r  i n t e r e s t  and va lue t o  

The assessment process may r e s u l t  i n  p u b l i c a t i o n  i n  a p ro fess iona l  o r  
o therwise re fe reed  s c i e n t i f i c  j o u r n a l  ; however, t h i s  u s u a l l y  occurs on l y  i f  
t h e  assessment presents  new techniques o r  approaphes, o r  a p r e v i o u s l y  
unrepor ted assessment a n a l y s i s  o f  a p a r t i c u l a r  species o r  f i s h e r y .  

Communication o f  assessment r e s u l t s  t o  those who u t i l i z e  them i n  
implementing management dec is ions,  and e q u a l l y  t o  those ( i n d u s t r y ,  pub1 i c )  who 
are  a f f e c t e d  by management, i s  a necess i ty .  Constant a t tempts must be made t o  
improve t h e  q u a l i t y  o f  t h e  communication process. 
r e c e p t i v e  t o  t h e  users t o  ga in  t h e i r  respect  and understanding. 
recognizes and understands how assessments a re  conducted, how and why t h e i r  
data a re  incorpora ted  i n t o  and employed i n  t h e  process, and t h e  s e n s i t i v i t y  o f  
t h e  r e s u l t s  t o  e r r o r s  i n  t h e  da ta  and t h e  i m p l i c a t i o n s  the reo f ;  and i f  
i n d u s t r y  f e e l s  t h a t  i t  i s  c o n t r i b u t i n g  s i g n i f i c a n t l y  t o  t h e  assessment 
process, i t  may achieve a g rea te r  sense o f  r e s p o n s i b i l i t y  and concern. I f  
i n d u s t r y  and o the rs  b e t t e r  understand t h e  assessment process, t hey  w i l l  be 
l e s s  ap t  t o  n e g a t i v e l y  c r i t i c i z e  t h e  r e s u l t s .  
mutual comprehension i s  a t t a i n e d  a l s o  w i l l  tend  t o  improve c r e d i b i l i t y .  

S c i e n t i s t s  must be 
I f  i n d u s t r y  

Communication a t  a l e v e l  where 
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5.0. SCIENTIFIC M I X  

W i t h i n  NMFS, s tock  assessment research i s  d i r e c t e d  by mandates o f  f ede ra l  
l e g i s l a t i o n  (MFCMA, MMPA, and ESA) and o f  i n t e r n a t i o n a l  t r e a t i e s  such as ICCAT 
f o r  A t l a n t i c  tunas. Fo r  resources where stock assessment i s  n o t  mandated by 
l e g i s l a t i o n ,  research i s  guided by t h e  NMFS s c i e n t i f i c  m iss ion  t o  understand 
t h e  popu la t i on  dynamics and t o  mon i to r  impor tan t  f i s h  stocks. The ques t i on  o f  
p roper  mix o f  NMFS research can be addressed a t  t h r e e  l e v e l s :  s tock  assessment 
work versus o t h e r  f i s h e r i e s - r e l a t e d  research; a l l o c a t i o n  o f  s tock  assessment 
research among f i s h e r y  resources under t h e  cen te rs '  purview; and l e v e l  o f  
stock assessment a n a l y s i s  f o r  a p a r t i c u l a r  resource w i t h  respec t  t o  frequency, 
p r e c i s i o n ,  and combinat ion o f  methodologies. With respec t  t o  t h e  f i r s t  l e v e l ,  
t h e  o v e r a l l  NMFS a1 l o c a t i o n  o f  budget and personnel f o r  t r a d i t i o n a l  stock 
assessment, as g i v e n  i n  an e a r l i e r  sec t ion ,  i s  59% o f  research  d o l l a r s  and 54% 
o f  research personnel. Developmental stock assessment a c t i v i t i e s  make up an 
a d d i t i o n a l  15% o f  t h e  budget and 10% o f  t h e  personnel. The remaining 30% o f  
t h e  budget and 36% o f  personnel a re  d i s t r i b u t e d  among f i s h e r i e s  h a b i t a t  
i n v e s t i g a t i o n s ,  aquacul ture,  f i s h e r y  resource development, f i s h e r y  product 
q u a l i t y  and sa fe ty ,  and f i s h e r y  oceanography. 

The mix o f  science i n  each Center v a r i e s  considerably.  These d i f f e r e n c e s  
r e s u l t  f rom 1) t h e  amount o f  funding, equipment, and t y p e  o f  personnel 
ava i l ab le ,  and 2 )  t h e  va ry ing  assortment o f  species w i t h i n  i t s  area o f  concern 
t h a t  come under l e g i s 1  a t i v e  o r  congressional  mandates. 
r e s u l t  f rom t h e  s i z e  o f  these resources, t h e i r  eco log i ca l  and economic value, 
and t h e  ex ten t  o f  ex te rna l  s o c i a l - p o l i t i c a l  pressures. Al though t h e  pr imary  
purpose o f  NMFS s tock  assessment research i s  t o  p rov ide  adv ice  t o  t h e  
decision-making process o f  f i s h e r y  management, t h e  analyses t h a t  make up t h e  
stock assessments a r e  an i n t e g r a l  p a r t  o f  o t h e r  NMFS research, such as h a b i t a t  
i n v e s t i g a t i o n s  and f i s h e r y  resource  development. 

D i f f e r e n c e s  a1 so 

A l l o c a t i o n  o f  t h e  Center 's  resources depends on t h e  e v a l u a t i o n  o f  such 
c r i t e r i a  as: 1 e g i  s l  a t  i ve mandates, 1 eve1 o f  resource management, i n t e n s i  t y  o f  
f i s h e r y  r e l a t i v e  t o  some maximum, genera t ion  t i m e  o f  t h e  stock, p o l i t i c a l  
urgency o f  t h e  problem, i n t e n s i t y  o f  user  rev iew and expectat ions,  q u a l i t y  o f  
a v a i l a b l e  stock assessment technology, a v a i l a b l e  budget and manpower, and 
perce ived n a t i o n a l  need. Resource ques t ions  r e q u i r i n g  s c i e n t i f i c  
i n v e s t i g a t i o n  a r e  i n  a cons tan t  s t a t e  o f  f l u x .  
f i s h e r y  resources i s  c o n t i n u a l l y  undergoing change t o  some unknown ex ten t .  
For  any th ing  o t h e r  than  re t rospec t ,  any p a r t i c u l a r  stock assessment i s  good 
f o r  o n l y  an i n s t a n t  i n  t ime, soon t o  become outdated. As a r e s u l t ,  t oday ' s  
p roper  mix o f  science and resources t o  so l ve  today ' s  problems w i l l  no t  
necessa r i l y  be proper  tomorrow w i t h  tomorrow's p rob l  ems. 

The s t a t u s  o f  i n d i v i d u a l  

E v a l u a t i o n  o f  c r i t e r i a  must be a c o n t i n u i n g  process t o  ma in ta in  a c u r r e n t  
proper mix o f  research a c t i v i t i e s ;  an i d e a l  systemat ic process f o r  a t t a i n i n g  a 
p roper  mix i s  n o t  a r e a l i t y .  
no t  necessa r i l y  appear advantageous t o  a user group o r  t o  t h e  research  s ta f f ,  
f o r  example. 
d i f f e r e n t  p r i o r i t i e s .  
research on i t s  assoc ia ted  resource ( o r  t h e  lowest  p r i o r i t y  i f  i t  f e a r s  

Even so, t h e  mix o f  research a c t i v i t i e s  would 

These groups w i l l  have a narrower focus o f  t h e  c r i t e r i a  and 
Any user  group w i l l  ass ign  t h e  h ighes t  p r i o r i t y  t o  
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r e s t r i c t i v e  r e g u l a t i o n s ) .  
assignments become f i r s t  p r i o r i t y ,  independent o f  e a r l i e r  p r i o r i t y .  The 
ques t ion  o f  "proper  mix" t hen  i s  a ma t te r  o f  one's perspect ive.  
quest ioned w i t h  respect  t o  proper  mix, t h e  Center D i r e c t o r s  should be prepared 
t o  d iscuss  t h e  Centers '  r e s p o n s i b i l i t i e s ,  a l l o c a t i o n  c r i t e r i a ,  and t h e  
c r i t e r i a  e v a l u a t i o n  i n  r e l a t i o n  t o  manpower and budgetary l i m i t a t i o n s .  

To t h e  research s t a f f ,  t h e  approved research 

When 

With a l l  t h i s  said,  t h e  remaining under l y ing  ques t ion  f o r  any p a r t i c u l a r  
s tock assessment research i s  "When i s  enough, enough?" Th is  ques t ion  cannot 
be answered t e c h n i c a l l y  w i thou t  a q u a n t i t a t i v e  ana lys i s  o f  a l t e r n a t i v e  s tock 
assessment methods f o r  each resource problem, i n c l u d i n g  such t h i n g s  as t h e  
most c o s t - e f f e c t i v e  method o r  m i x t u r e  o f  methods, r e q u i r e d  l e v e l s  o f  
p rec is ion ,  f requency o f  r e s u l t s ,  and a fo recas t  o f  t h e  r i s k s  associated w i t h  
be ing  wrong. P r i o r  t o  these types  o f  analyses and eva lua t ions ,  no one can say 
whether t h e  m i x t u r e  o f  sc ience i s  proper  a l though t h e  mix may be 
" s a t i s f a c t o r y "  t o  so lve  t h e  problems o r  answer t h e  quest ions be ing  addressed. 

The ar rays  o f  research s tud ies  c u r r e n t l y  under way throughout  NMFS 
u l t i m a t e l y  a f f e c t  t h e  s t a t u s  o f  t h e  f i s h e r y  resources and t h e  r e s u l t i n g  s tock 
assessments. 
popu la t i on  w i t h  o t h e r  b i o t a  i n  t h e  ecosystem i s  cont ingent  on fundamental 
knowledge o f  t h e  impact on s u r v i v a l  and growth o f  na tu ra l  events i n  t h e  
environment, h a b i t a t  a l t e r a t i o n s ,  disease, p redator /p rey  r e l a t i o n s h i p s ,  
compet i t ion,  and t h e  whole area o f  man's impact on t h e  environment and i t s  
resources. Hence, s tock assessment must be seen i n  a much more h o l i s t i c  
manner than  i t  has i n  t h e  past, and t h e  aggregate o f  c u r r e n t  a c t i v i t i e s  a re  
a l l  designed u l t i m a t e l y  t o  understand t h e  processes and events o f  t h e  
inanimate and b i o l o g i c a l  environment. 

Understanding popu la t i on  t rends  and i n t e r a c t i o n s  o f  t h e  
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6.0. DISCUSSION AND RECOMMENDATIONS 

The c u r r e n t  l e v e l  o f  s tock assessment a c t i v i t y  i n  NMFS was mandated by 
new l e g i s l a t i o n  aimed a t  p r o t e c t i n g  U.S. f i s h e r i e s ,  endangered species, and 
marine mammals. 
l a r g e l y  f o r  h igh-va lue f i s h e r i e s  o r  f i s h e r i e s  r e q u i r i n g  i n t e r n a t i o n a l  
agreement f o r  management purposes. Th is  was considered reasonable because 
n e i t h e r  t h e  manpower no r  t h e  money was a v a i l a b l e  t o  do assessments f o r  a l l  
stocks.  The advent o f  conserva t ion  and environmental  l e g i s l a t i o n  over  t h e  
past  decade has r e s u l t e d  i n  a sense o f  urgency concern ing improvements i n  t h e  
q u a l i t y  and t i m e l i n e s s  o f  s tock assessment in fo rmat ion .  
add i t i on ,  a s i g n i f i c a n t  ex tens ion  o f  s tock assessment s tud ies  t o  p rov ide  
i n fo rma t ion  on resources harvested by domestic f i s h e r i e s ,  thus  i nc reas ing  t h e  
demand f o r  data on a wide v a r i e t y  o f  f i s h ,  s h e l l f i s h ,  and marine mammals. 
Add i t i ona l  monies were prov ided t o  support  t h e  a c t i v i t y ;  however, manpower 
r e s t r i c t i o n s  remain. I n  add i t i on ,  t h e  requ i red  new stock assessments are, i n  
many cases, f o r  s tocks on which few of t h e  necessary bas i c  data e x i s t ;  
research i s  t h e r e f o r e  requ i red  t o  p rov ide  est imates o f  t h e  bas i c  parameters 
b e f o r e  s tock assessment can begin. 

P r i o r  t o  these l e g i s l a t i v e  acts,  s tock assessments were done 

There has been, i n  

Put i n  t h i s  p o l i t i c a l  and s c i e n t i f i c  context ,  and cons ide r ing  t h e  
s t a t e - o f - t h e - a r t  i n  s tock assessment theo ry  and technology, t h e  assessment 
coverage accorded t o  f i s h  and marine mammal s tocks as i n d i c a t e d  i n  Table 5 may 
o r  may n o t  be considered adequate, depending on one's perspect ive.  
example, t h e  f i s h e r y  management counc i l  i n  i t s  p lan  development c y c l e  might  
cons ider  a g iven l e v e l  o f  assessment e f f o r t  as inadequate, w h i l e  t h e  
s c i e n t i s t s  f e e l  i t  i s  t h e  bes t  they  can prov ide  under t h e  c i rcumstances and 
t h a t  i t  may be adequate f o r  f i r s t - r o u n d  management dec is ions.  Cer ta in l y ,  t h e  
s c i e n t i s t  would l i k e  t o  p rov ide  a b e t t e r  assessment, j u s t  as t h e  Counci l  
member would l i k e  t o  have one; however, r e a l i t y  should produce a compromise as 
t o  what r e a l l y  i s  adequate i n  terms o f  q u a n t i t y  and q u a l i t y  o f  assessments i n  
t h e  management / leg is la t ive context .  

For  

The p e r f e c t  s tock assessment methodology does no t  e x i s t .  E x i s t i n g  
methods a re  no t  complete ly  in terchangeable;  each measures a s l i g h t l y  d i f f e r e n t  
aspect o f  s tock abundance, and i t s  use depends on t h e  quest ions o r  problems a t  
hand. Each method has a p a r t i c u l a r  se t  o f  b i o l o g i c a l  and phys ica l  c o n d i t i o n s  
under which i t  works best .  Each method has a s p e c i f i c  se t  o f  assumptions and 
associated costs.  
w i l l  be inaccurate.  
f r e q u e n t l y  imprec ise and t h a t  improv ing on p r e c i s i o n  and accuracy may be 
c o s t l y .  Th is  can be impor tan t  i f  c r u c i a l  management dec i s ions  a re  be ing  
weighed. 

I n  a l l  cases, t h e r e  i s  a degree o f  r i s k  t h a t  conc lus ions 
We must f u r t h e r  recognize t h a t  assessment methods a r e  

I n  cons ide r ing  methodology, i t  i s  apparent t h a t  no s i n g l e  approach o r  
technique i s  s u i t a b l e  f o r  a l l  species o r  areas. I n  add i t i on ,  assessments a r e  
no t  one-time endeavors b u t  r e q u i r e  cont inuous updat ing due t o  t h e  dynamic 
na ture  o f  t h e  s tocks invo lved.  Regardless o f  these shortcomings, s tock 
assessment a c t i v i t i e s  do p rov ide  est imates o f  s tock s i z e  and they do generate 
i n fo rma t ion  on t rends  i n  s tock s izes.  
technology app l i ed  i s  genera l l y  t h e  bes t  a v a i l a b l e  a t  t h e  present  t ime. 

I n  t h i s  sense, we accept t h a t  t h e  
Stock 
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assessment s c i e n t i s t s  a r e  con t inuous ly  seeking new techno log ies  t o  improve t h e  
q u a l i t y  o f  t h e  stock assessment i n f o r m a t i o n  techniques. However, t h e  g r e a t e r  
immediate need l i e s  i n  t i m e l y  c o l l e c t i o n  and processing o f  improved f i s h e r i e s  
d a t a  t o  meet t h e  near-term needs o f  resource managers. 

The Stock Assessment Task Force cannot overemphasize t h e  importance o f  
improving t h e  q u a l i t y  and t i m e l i n e s s  o f  f i s h e r y  s t a t i s t i c s  c o l l e c t e d  from t h e  
commercial and r e c r e a t i o n a l  f ishermen. A1 though s u b s t a n t i a l  progress has been 
made i n  t h i s  area under t h e  MFCMA, e f f o r t  da ta  a r e  s t i l l  l a c k i n g  f o r  a l a r g e  
number o f  species, and t o t a l  ca tch  f o r  some species i s  s t i l l  a bes t  guess. To 
g a i n  more e f f e c t i v e  access t o  t h e  i n f o r m a t i o n  a v a i l a b l e  on commercial f i s h i n g  
a c t i v i t i e s ,  i t  i s  necessary t o  develop coopera t i ve  arrangements w i t h  t h e  
f i s h i n g  f l e e t  i t s e l f  t o  make g r e a t e r  use o f  logbook in fo rma t ion ,  observa t ions  
a t  sea, e tc .  

The Task Force does recogn ize  t h e  need t o  improve s u b s t a n t i a l l y  t h e  
q u a l i t y  o f  communications on stock assessment a c t i v i t i e s  t o  t h e  va r ious  user 
groups. Some o f  t h e  problems which have a r i s e n  may r e f l e c t  a tendency o f  t h e  
s c i e n t i f i c  community t o  have ove rso ld  i t s  a b i l i t y  t o  p rov ide  accura te  
i n f o r m a t i o n  on stock t r e n d s  and abundance. Hence, s tock  assessment s c i e n t i s t s  
themselves may be p a r t i a l l y  respons ib le  f o r  c o n s t i t u e n t  and peer expec ta t ions  
which a r e  t o o  h i g h  wi th  rega rd  t o  p r e c i s i o n  and t i m e l y  a v a i l a b i l i t y  o f  s tock  
assessment data. 

The view o f  t h e  Task Force i s  t h a t  stock assessment a c t i v i t i e s  do no t  
c o n s t i t u t e  a separate s c i e n t i f i c  d i s c i p l i n e  pursued o n l y  f o r  management 
purposes. 
b i o l o g i c a l  s tud ies ,  e c o l o g i c a l  s tud ies ,  and environmental research c o n t r i b u t e s  
t o  t h e  da ta  base f o r  stock assessment. 
s tud ies  r e f l e c t  an i n t e r p r e t a t i o n  o f  n a t u r a l  and man-imposed events on l i v i n g  
marine resources; hence, t h e  aggregate o f  m o r t a l i t y  c o e f f i c i e n t s  generated by 
changes i n  t h e  n a t u r a l  env i ronment - -po l lu t ion ,  f i s h i n g ,  etc.--must be 
i n t e g r a t e d  t o  i n t e r p r e t  f a c t o r s  i n f l u e n c i n g  changes and consequences o f  
management s t ra tegy .  
concept o f  a m u l t i d i s c i p l i n a r y  approach t o  stock assessment i n v e s t i g a t i o n s ,  
and managers should avo id  f r a c t i o n a l i z a t i o n  o f  research programs a long 
d i s c i p l i n a r y  1 ines. 

On t h e  con t ra ry ,  a g rea t  p o r t i o n  o f  t h e  da ta  c o l l e c t e d  f o r  

As noted e a r l i e r ,  s tock  assessment 

There i s  a growing r e c o g n i t i o n  o f  t h e  need t o  expand t h e  

The fo rego ing  d i scuss ion  leads  us t o  conclude t h a t  t h e  improvement i n  
knowledge about t h e  rec ru i tmen t  f u n c t i o n  and i n t e r - s p e c i f i c  re1  a t i o n s  
rep resen ts  two o f  t h e  most impor tan t  needs. 
aspects o f  these two processes need i n v e s t i g a t i o n .  Managers w i l l  no t  be ab le  
t o  a d j u s t  resource  p r o d u c t i v i t y ,  n o r  eva lua te  t h e  e f f e c t s  o f  many commonly 
used r e g u l a t o r y  methods, w i t h o u t  such know1 edge. 

Both  t h e  b i o t i c  and a b i o t i c  

Techno log ica l  l i m i t a t i o n s  which con f ron t  stock assessment a c t i v i t i e s  have 
no t  been addressed i n  t h i s  r e p o r t  i n  any depth. 
however, t h e  importance o f  technology f o r  p r o v i d i n g  improvements i n  these 
areas. 
needs vary  among reg ions  and f i s h e r i e s ,  recommends t h a t  NMFS a c t  t o :  

The Task Force recognizes, 

The Task Force, i n  recogn iz ing  t h a t  research demands and management 

1) enhance t h e  t i m e l y  c o l l e c t i o n  and processing o f  improved o r  new 
f i s h e r i e s  data, b o t h  commercial and r e c r e a t i o n a l ,  t o  meet t h e  needs 
o f  resource managers and researchers; 



-113- 

2 )  expand t h e  concept o f  a m u l t i d i s c i p l i n a r y  (ecosystem) approach t o  
s tock assessment which i n t e g r a t e s  i n f o r m a t i o n  f rom environmental ,  
ocean v a r i a b i l i t y ,  and f i s h e r i e s  impact s tud ies ;  

3 )  improve knowledge o f  b o t h  b i o t i c  and a b i o t i c  aspects o f  t h e  
rec ru i tmen t  f u n c t i o n  and i n t e r - s p e c i f i c  r e l a t i o n s ,  so t h a t  resource 
managers may eva lua te  t h e  p o t e n t i a l  o f  r e g u l a t o r y  measures a f f e c t i n g  
resource p r o d u c t i v i t y ;  

4 )  advance t h e  t h e o r e t i c a l  and techn ica l  bases f o r  s tock assessment; 

5 )  communicate more e f f e c t i v e l y  w i t h  user  groups t o  improve t h e i r  
understanding o f  t h e  s t reng ths  and weaknesses o f  assessment 
techniques and t h e i r  i m p l i c a t i o n s  t o  management dec is ions ;  and 

6) recognize t h a t  new in fo rma t ion  demands f o r  management have eroded t h e  
peer rev iew process and t h a t  NMFS should exp lo re  methods t o  improve 
such review. 
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APPENDIX 

E V A L U A T I O N  MATRICES 

The development of the assessment report pointed o u t  the complexity and 

large volume of the work conducted by NMFS t o  carry o u t  i t s  management 

responsibi l i t ies .  

devel oped. 

To p u t  this i n t o  a condensed form, a ser ies  of matrices was 

MATRIX I :  E v a l u a t i o n  of  Current NMFS Assessment Efforts Related t o  

Management Needs. 

The f i r s t  matr ix  ident i f ies  the current s ta tus  of NMFS assessment e f fo r t s  

and the a d d i t i o n a l  e f fo r t s  t h a t  are needed t o  meet management u n i t  

requi rements. 

preliminary management p l a n ,  i s  identified by ecological group (Matrix 111) 

and importance. Methods currently i n  use t o  provide stock assessments fo r  

each management u n i t  were identified w i t h  a general indication of the methods' 

accuracy. The level of assessment (Matr ix  IV) derived from the method(s) used 

was then identified.  The levels ranged from a simple catch trend t o  a complex 

ecosystem yield estimate. 

Each management u n i t ,  w i t h i n  a fishery management pl  an or 

To p u t  the existing e f fo r t s  i n t o  a proper 

perspective the ass 

management u n i t  was 

requirements of the 

concludes w i t h  the 

ssment level and accuracy level curren 

identified.  Add i t iona l  e f for t s  needed 

management u n i t  were then identified.  

dentification of FY 1980 base budget f 

y rewired  by a 

t o  meet the current 

The m a t r i x  

gures and the 
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a d d i t i o n a l  resources needed, i f  any, t o  meet t h e  c u r r e n t l y  r e q u i r e d  l e v e l  o f  

e f f o r t .  

The va r ious  elements i nc luded  w i t h i n  M a t r i x  I a r e  i d e n t i f i e d  below: 

E l  ement 
no. Name and Descr ipt ionjExampl es 

1. Management Category: S p e c i f i c  FMP, i n t e r n a t i o n a l  agreement, 
o r  mandate, e.g. G u l f  o f  A1 aska Groundf ish Management P1 an, 
Marine Mammal P r o t e c t i o n  Act. 

2. Management U n i t  ( w i t h i n  Management Category) : A species o r  
species group, e.g. , nor the rn  anchovy, r e e f  f i s h e s ,  P a c i f i c  
w h i t i n g ,  f l ounder  complex. 

3. Eco log i ca l  groups: See L i s t  1 below (page A30). 

4. Commercial importance ( o f  a Management U n i t ) :  I n d i c a t e d  by 
Value and we igh t  (Volume) o f  annual land ings ,  u s i n g  the  f o l -  
m g  ca tegor ies  m s o c i a t e d  code symbols. 

Val ue 

> $150 m i l l i o n  

$76-150 m i l  1 i o n  

$10- 75 m i l l i o n  

< $10 m i l l i o n  

No ne 

Volume (m. t .1  

> 100 thousand 

51-100 thousand 

10- 50 thousand 

< 10 thousand 

No ne 

Symbol 

Y 

0 
The c u r r e n t  "F i she ry  S t a t i s t i c s  o f  t h e  U n i t e d  S ta tes  f o r  
1979," i s  t h e  source document. The va lue  o f  f o r e i g n  ca tch  
i s  c a l c u l a t e d  from t h e  ex-vessel p r i c e s  used t o  compute 
poundage fees  charged (see page 87 o f  t h e  re fe rence) .  
D isca rd  es t imates ,  if a v a i l a b l e ,  a r e  foo tno ted  o r  en tered  i n  
Remarks. 

5. Recreat iona l  importance ( o f  a Management U n i t )  : I n d i c a t e d  by 
P a r t i c i p a t i o n  (No. o f  f ishermen), Costs ( $ 1 ,  and Volume of 
ca tch ,  u s i n g  t h e  f o l l o w i n g  ca tegor ies  and assoc ia ted  code 
symbol s. 

- 
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P a r t i c i p a t i o n  
(No. o f  f ishermen) c o s t s  Volume (m. t . )  Symbol 

> 5 m i l l i o n  

2-5 m i l l i o n  

> $150 m i l l i o n  

$76-150 m i l  1 i o n  

> 50 thousand 

26-50 thousand 

E 0.5-2 m i l l i o n  $10- 75 m i l l i o n  5-25 thousand 

< 0.5 m i l l i o n  < $10 m i l l i o n  < 5 thousand 

No ne No ne No ne 0 

endangered; o therw ise  1 

7. Adequacy o f  NMFS Cur ren t  Assessment Methods ( f o r  methods 
1 i sted be l  ow) . 
( a )  F i s h e r i e s  i n f o r m a t i o n  
( b )  A e r i a l  survey (counts)  
( c )  
( d )  
( e )  Sh ip  surveys ( a c o u s t i c a l  1 
( f )  Other  remote sensing surveys 
( g )  Environmental  surveys 

Sh ip  surveys ( a d u l t s  and/or j u v e n i l e s )  
Ship surveys (eggs and la rvae )  

The adequacy and frequency o f  use o f  each method are  
i n d i c a t e d  by t h e  f o l  1 owing symbol s : 

(1) F o r  methods o t h e r  than 
pr imary  methods: 

( 2 )  F o r  p r imary  method: Adequacy 

cF r equency 

Adequacy 1 evel  s and code symbol s: 

Symbol 
Adequacy 1 evel  Symbol ( i f  pr imary method) 

Adequate 

Marg ina l  

In adequa t e  

Unknown 

Q e 
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Frequency of use (indicated i n  c i r c l e  i n  center of symbol) i s  
, coded a s  follows: 

Frequency Circle code 

Occurs more t h a n  once a year 0 
Occurs once a year 0 
B i  enni a1 0 
Tri enni a1 6 
Irregular a3 

8. Assessment Level and i t s  degree of accuracy. T h i s  pertains 
t o  each Management U n i t .  
( see  List 2 ,  page A38). Information on Assessment Level and  
i t s  accuracy i s  entered for: ( a )  Current Level by NMFS for  
the Management U n i t ,  and ( b )  Current Level required for  the 
Management U n i t .  The following code symbol i s  used fo r  b o t h  
( a )  and ( b ) :  

Assessment Levels are defined below 

B Assessment Level 

Degree o f  accuracy- 

Assessment Level Circle code Degree of accuracy Symbol 

No ne 
Catch trend 
Relative abundance trend 
E q u i l i b r i u m  yield 
A n n u a l  yield forecast 
Mu1 t i  species t o t a l  

biomass yield 
Ecosystem yield 

113 0 W i t h i n  30% of 
0 true value 
0 
@ 
0 
0 Conservatively 

biased (31-60%) 
0 less  t h a n  true 

va l  ue) 

tsl Grossly accurate 
(+31-60% o f  true 
vZ1 ue) 

Inaccurate ( > f60%) 

Unknown lol 
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9. A d d i t i o n a l  technological , analytical , and  sampl ing  e f fo r t  
10. 
11. 

needed to  meet current and  projected management require- 
ments. 
whatare  considered t o  be the two (note 2 columns under each 
i tem) most c r i t i ca l  Information E l  ements for a Management 
U n i t .  
m i s  case, a s  indicated below, e f fo r t  i s  n o t  defined i n  
terms of f u n d s  and personnel. 

These items re la te  t o  e f fo r t  required w i t h  respect to  

Information Elements are shown i n  Lis t  3-31). 

For the Techno1 ogical and Analytical e f fo r t s  the categories 
and symbols are: 

c 

Technical and Analytical 
e f f o r t  category 

Devel opmental program needed. 
(No techniaue or present tech- 
n i que requi res repl acemen t . ) 
Increase e f fo r t  i n  current 
devel opmen tal  program. ( No 
technique or present tech- 
nique requires repl acement.) 

Improve present technique. 

Symbol 
(No. of Information 
Elements i s  entered 

i n  center c i r c l e )  

Q 

No ef for t .  i .e . .  no Information 
Element identified for  addi- 
t i o n a l e f  f or t . 0 

For the Sampling e f fo r t s ,  the categories and symbols are: 

Symbol 
(No. o f  Information 
Elements i s  entered 

i n  center c i r c l e )  Sampl ing  e f fo r t  category 

Introduce new sampling program. 

Q Increase present sampling e f fo r t  
( e i  ther s i  ze of i n d i v i d u a l  sampl es ,  
no. of samples, geographic cover- 
age, freauency of sampling) .  
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No e f f o r t ,  i .e. ,  no In fo rma t ion  
E l  ement i d e n t i f i e d  f o r  a d d i t i o n a l  
rn 

0 

Under each o f  i tems 9, 10, and 11, the  most impor tan t  
I n fo rma t ion  Element ( o f  t h e  two se lec ted)  i s  i n d i c a t e d  
i n  the  l e f t  h a l f  o f  t he  column. 

12. Funds and Personnel by Management category.  Est imates o f  
funds and man-years a re  entered as i nd i ca ted .  
es t imates  a re  f o r  ganagement Categor ies,  n o t  Management 
U n i t s .  

Note t h a t  
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MATRIX 11: A p p l i c a b i l i t y  o f  Assessment Vethods t o  the  In fo rma t ion  
Elements Required. 

The second mat r i x  i d e n t i f i e s  the  many in fo rma t ion  elements used i n  
f i s h e r i e s  management. Most of the  elements a re  data ser ies.  The ma t r i x  
i n d i c a t e s  the  sampling methods used t o  ob ta in  in fo rmat iona l  elements and 
i d e n t i f i e s  which i n fo rma t iona l  elements a re  needed f o r  s p e c i f i c  a n a l y t i c a l  
methods. Assessment methods are  shown i n  L i s t  4 (page A31). 

= Method app l i cab le  f o r  acqu i r i ng  data f o r  In fo rmat ion  element. 
B1 ank = Method n o t  app l i cab le  f o r  acqu i r i ng  data f o r  I n fo rma t ion  

E l  emen t . 
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MATRIX 111: A p p l i c a b i l i t y  and Adequacy o f  Sampling Type Assessment 
Methods R e l a t i v e  t o  D i f f e r e n t  E c o l o g i c a l  Groups. 

I n  M a t r i x  I 1 1  an a t tempt  was made t o  condense t h e  v a r i o u s  management 
u n i t s  i n t o  16 e c o l o g i c a l  groups. 
sampl ing methods f o r  assess ing t h e  e c o l o g i c a l  group was then i d e n t i f i e d  u s i n g  
es t imates  o f  p r e c i s i o n  and accuracy assoc ia ted  w i t h  each method/group p a i r i n g .  

The a p p l i c a b i l i t y  o r  adequacy o f  v a r i o u s  

Accuracy and p r e c i s i o n  l e v e l  s and t h e i r  corresponding symbol s are: 

Ac curacy 

W i t h i n  + 30% - 

C o n s e r v a t i v e l y  b iased 
(31-60% l e s s  than 
t r u e  va lue)  

P r e c i s i o n  Symbol 

W i t h i n  + - 30% 

B 
Gross ly  accura te  Gross ly  p r e c i s e  
( +  - 31-60%) (+ - 31-60%) 

I n a c c u r a t e  
> + 60% - 

Imprec ise 
> + 60% - 17 

Unknown Unknown 61 ank 

Note t h a t  es t imates  o f  accuracy and p r e c i s i o n  l e v e l s  a r e  
i n d i c a t e d  f o r  t h e  E c o l o g i c a l  Group as a whole, n o t  t h e  
example o f  t h e  group. 



Iv 

ID, 

s 
'5 
b 

9 
7 

YJ 

I 

z 

- 

z 
0 a 
-I 
I 
rn 
D cn 
-I 

n 
cn 
I 
m 

m cn 

- 

", 
I: 
n n 

0 .r 

c 
E3 - 
4 

IXI 

I 

w 
0 

1- c II 
rn 

-I- 4 

a- 



- I I  

t 
a 
n 
” = 
0 
U 0 

m 

I 

7 3 
I - 

E 
I - 

I 
~ 

. -  c 
C 

a 

a 
- 

71 
e 

e 
. -  

a 
a 

* 

- -  

- 

- -  

D g 9  . 
- 

a 
e 

- -  

- 

- E 

I 7- 
0 0 ,  

E 

lz 
- E 

ic 
-t - .  

- -  B 
.E 

a 

e 
- -  r 

C 
C t + -  

El- - 

I- F t -  I 

+ .+ e q- 
oi a 

a 
-- - I- 

Q l  a - 
I I I 

-tf-l- 



XI - -  

I 1 1 1  

c XI 
5 

[XI 
- c c X x 7 

u m  

i 
E I 

C 
C 



a, 
z 
VI 
0 0 

E 
e. 

z 
0 
3D 
-I 
I 
f 
m cn 
-I 
D z 
W 

D r 
E; x 
D 

cn 
I 
m 

m cn 
0 rn z 
-i 
m 
3D 

I? 

E 

' O m  
0 %  

3 
3 5 .  
- a  

VI m 0 

VI 
3 m .. 
VI 

/c E x - T +- L 

E c -f t- r - 
z 
3 II I+ 
w 0 

$! 

?/c 
5 

-t- 

I t  
w 
0 

$! c - 
c - 
- c 
c 

- 
; 
B 
L 
Y 

a 
a - 

- l- 
T 
-I - 

T 
-1- 



-.428- 

MATRIX IV: Information El ements Required for Different Assessment 
Level s. 

Matrix IV identifies the informational elements required for  each level 
of assessment. 

The relative need for Information Element i n  order t o  achieve 
Assessment Level i s  categorized as f o l l  ows: 

Requi remen t 

Information Element essential 

Symbol 

[XI Information Element desirable 

Information Element n o t  required B1 a n k  



MATRIX IV. CODE KEY-MATRIX IV .  

Requirement 

Informotion Element esrentiol 

Information Element desiroble 

Information Element not required 

I N FOR MAT I ON EL EM E N T S 

Symbol -- 

blonk 

Information Elements required for 

different Assessment - Levels. 

r ASSESSMENT LEVELS 

. Mortality rote 

- A 2 9 -  
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7. Ecosystem y i e l d .  - Highest  o rde r  assessment, r e q u i r i n g  extens ive 
knowledge o f  c h a r a c t e r i s t i c s ,  dynamics, and i n t e r r e l a t i o n s h i p s  o f  
b i o t i c  and a b i o t i c  components. 

Note: It i s  i m p l i e d  i n  these d e f i n i t i o n s  t h a t  each succeeding 
i nfo rmat i  on avai  1 ab1 e t o  Assessment Level has t h e  b e n e f i t  o f  a l l  

precedi  ng 1 eve1 s . 
L i s t  3 - In fo rma t ion  Elements 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 

Spec i es descr i p t i  on 
Species d i  s t r i  b u t i  on 
Stock i d e n t i f i c a t i o n  
Catch s e r i e s  
D i  scard s e r i e s  
E f f o r t  s e r i e s  
Length s e r i e s  
Age s e r i e s  
Growth r a t e s  (assumes suf- 
f i c i e n t  length-weight  data) 
Re1 a t i v e  abundance 
Morta l  i ty r a t e  
E x p l o i t a t i o n  r a t e  
Reproductive r a t e  

L i s t  4 - Assessment Methods 

A. A n a l y t i c a l  

1. Mark and recovery 
2. Change i n  r a t i o  
3. Surplus p roduc t i on  
4. Y i e l d - p e r - r e c r u i t  
5. V i r t u a l  popul a t i o n / c o h o r t  
6. Spawner- r e c r u i  t 
7. Mu1 t i s p e c i e s  models 
8. Ecosystem models 
9. P r e d i c t i v e  regress ions 

14. 
15. 
16. 

17. 
18. 
19. 
20. 

21. 
22. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 

Behavior 
Catchabi l  i ty  
Absol Ute popul a t i o n  s i z e  
(biomass o r  number) 
Annual rec ru i tmen t  
Envi ronmen t a l  i n d i  ces 
Causal environmental mechani sms 
Species i nte rac t i ons -  - 
compet i t ion,  predator-prey 
Phys io log i ca l  
Mu1 t i p l e  f a c t o r s  (behavior ,  
environmental , popu la t i on  
parameters, e t c .  1 

B. Sampling 

Sampling the f i s h e r i e s  
Tagging 
Bottom t r a w l  survey 
Dredge survey 
Trap o r  p o t  survey 
Se tl i ne survey 
Acoust ical  survey 
Ac o u s t i  c a l  -bottom t r a w l  survey 
Landbased count 
A e r i a l  survey 
F i s h  eggs and l a r v a e  
Environmental i n d i c e s  
Underwater survey 
Other remote surveys 
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YATRIX I 1  : Appl i c a b i l  i ty o f  Assessment Methods t o  t h e  I n f o r m a t i o n  
Elements Required. 

The second m a t r i x  i d e n t i f i e s  t h e  many i n f o r m a t i o n  elements used i n  
f i s h e r i e s  management. The m a t r i x  
i n d i c a t e s  t h e  sampl ing methods used t o  o b t a i n  i n f o r m a t i o n a l  elements and 
i d e n t i f i e s  which i n f o r m a t i o n a l  elements a r e  needed f o r  s p e c i f i c  a n a l y t i c a l  
methods. 

Most o f  t h e  elements a r e  da ta  s e r i e s .  

Assessment methods a r e  shown i n  L i  s t  4 (page A31). 

= Method a p p l i c a b l e  f o r  a c q u i r i n g  data f o r  I n f o r m a t i o n  element. 
B1 ank = Method n o t  a p p l i c a b l e  f o r  a c q u i r i n g  da ta  f o r  I n f o r m a t i o n  

E l  emen t . 




