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Previce ___
INTRQDU(:.T fond

weu- 'TS NOT  ReaLyY
A \NTRODUCT\ON

BUT T SEEMS

THRAT +HARDLY

ANYONE EVER

READS A PREFACE 4
AND (N THAS

YooK .‘-T".\S

VERY, VERY

vERY ETC,

\MPORTANT >
THAT <THE

REASONS  FOR z

WRAVT NG T, \?-

AND UNDERSTANDING To WHOm \T’S

)
WeLTTEN , BE mMADE  PERFECTLY CLERR
F RQom THE BEGINNING

THE LAST GuX
wWHo 7T RASHED
THIY Book
GOT INTaQ
A LT aF

TROUBLE!




e ———

uﬂ ENV\ROM_MENT INCLUDES ALl OUR

LiIViING AND NON-LA\VING SURROUNDINGS.,

Ay

TS EveayuHeaeou ~——
TIT'S EVERYyWHERE !/

4y

CEQTA\NL.Y EVERYONE SroulLd CARE ABouT -THE
ENVIRON MENT AND MOoSYT CVERNONE CRARES

ABouT A  VvALUASBLE paaT OF  oOuR
EMVIRONMENMT . - - xS F\SHEK\ES!

S)o we’'Re AL CONCEANED .. |

| | So. WHAT 2,}

|




BuT WO  CcaRES Agowur THE
INDIVIDUAL. RECREATIONAL AwD
COMMERCT 1AL FI\SHER MEN ANMD  WOMEN
WHO DEPEND ON THE SE FASHMERIES
RE SOURCES foR THE\R ENTERTAINMENT
AND THE R LweuHoob?

Q

Do yOUP

1%
—

NOT ON
YouR Llﬁff

- -~ - Ano ©vown'T FORGET
ALL T WNME OTHER FOLKS WHO P ROVIDE

MATERIALS  SUPPLIES AND HAMBURGERS

}
<0 AL THOSE FISHERK MEN _

LsoumEnN Lixe BonTBu\\\.—bsgs) Gm

REPMRMEM, SHIPPERS, BAIT DEALERS,

MARINA OWNERS (ROCERS,

.‘) TALKLE MANUFACTURERS, BEER
[t DISTRIBUTORS, ®Tc., €T, mTe.




. J\mm oo LgT'S READ ON j
&

GOVERNMENT ADMINIS TRATORS HAVE TRIED

Sc.\EN‘T'lSTS AND

TO USE THE VAEWS EK?EQ\‘ENC.E’ WNOWLED GE
AND EXPEQRTISE OF FiSHERMEN WHE ™ TWE Yy

CONSI\DER THE MANMNAGEMENT OF Ouf

FISHERIES .

: Howevee | wHen THey Do TRy
AT S WHAT
TH TO xNmTEARCT WL T FISHERMEN
N ATTEMPTS To SoO\wve

PROBLEMS QELATED TO FISHERLES

WHaT GEMERALLY RESULTS 1§
«“ »
A FAILURE To CommunNiCATE,




U HERE ARE SEVERAL RKREASONS foR
W n
THS FAILURE To cCcommumscate °

o

ilo Q LAacK OF RESPRECT FASWHERME N
AND  MON - FISHERMEN HAVE FOoR EAcH
OTHEK; EACH GROUP QEFERAING To
THE OTHER WA T H THE WORDS
"“Trem” oe | THEY”

_2,0 A LOMG STANDING TRAD | Tiod OF
ANTAGOMIS™M  TWAT EXISTS BETWESN
FisHeamg M AND ADMINISTRATORS
(n-r ANY L.EVEL-')J SCAEM TISTS (OQ“FISH
boc:roas", ESPECIALLY THOSE WHO WEAR
WHITE COATS) AND ANYONE ELSE
WHo HAS REAL OR APPARENT AuTHoRITY
OVE®R F\SH, F\SHEMESJ 'F\*.;)-l'ﬁiuvu:'wlj

OR THE EMVIRONWMENT,

AND O F Course -~ . BuT WE NEVER

TALK ANYMORE

K. TeNoraNCE ?



g@-ﬂoaﬂuce SHows I TSELF W MANY WARYS
BuT BasSiCALLY CAN BE (ATEGORIVZED RY L’
ATTITUDES §

io THOSE wHe  THinK THEY Kuow agouT
FISHERIES _ . . BUT DON'T,

@0 THOSE WHO Do KNoWw Qur Won'T TELL
ANYBODY (WHAT THEY KNow.

30THOSE WHO Don'T KNOW AND DoON'T

WANT TOo KNow,

; ”u'fHesE WHO EITHER 9

1] [ 7]
Ao THINK THEY KNaw A THEM
L1} 4}
OR A& THEY (WHEM THEY SEE

ONE ,

ORA

o acr LIKE 4 THEM O0R A
YTheY

TAKE HEED - WE aLe T \NTO ONE ©R yaRe OF
THE AQove CATEGORIES, THis Boaor -“THEM S
WRITTEN fFOR EVE.KYONE, EVEN THOSE InN CnTEG-o&Ygo

6

Q



&FTER LOTS <+ LOTS oF
COMVERSATIONS, TDISCUSSION,
DIALOG, AND TRALK w 1T
A WHOLE Buwncw 0% “Them's’
AND ""\'HEY’S” AROUMD THE
UNITED STATES BuT Z

ESPEcIALLY N FlLowr ©R,

1T BECA™ME APPARENT THAT
AN “1NFORmﬂT\ON G-nP"
EX)ISTS BETwaem T HE

“ ReaL UORLD” o Fisuwermen
ano THe | IDEAL WORLD
oF FISHERIES SCIENTISTS

AND GOVERNMMENT ADMIN) STRATOKS,




” HERE QRE’ OF COURSE, REASONS FOR ‘T'H\sj

GAP WHICH EXISTS BRETWEEN FiSHEQRMEN

AND NOnN- FISHERMEN

THE ™G O S,

—AJg 'Ll CALL THESE .

IFFERENCES W ATTITuDE

u \ INFOR mA TI1ON

LTl 1

UMDERSTANDING

GCT s MY EXPECTATION THAT whEm BoTH
SIDES ARE FULLY

INFORKMED ABouT WHAT

THE OTHER 1< ‘DO\NG’JTH\HKlNG’J AHD

HOPING (AN WE THEN BEG\™ To SOLVE SOME

OF THE PRo8LEMS
TODAY,

FACI\NG Our FISHERES

OoNgE  SmAtLl
TEP FOR
Fiswm . ..




EH\S Boox, CAN + Ll PROVIDE Aw OPPORTUNTY

FOR THE GENERAL PUBLIC, ESPECIALLY THOSE wiTH

CONCERNS AND (INTERESTS In FISHERES o QEcome
INFORMED ABouT THE Basic PRANUPLES AND
PROCEDURES usep 1n FISHERIES BIlOLOGY,

LoTs * LOTS ofFf -“THWGS
with. BE COVERED N

R EATHER LIM\TED SPACE |
ITF you NEED MOKE DETAIL
OR |WMFORMATION OM A SUBTECT
CHECK THE BVOOKS < PAPERS
VASTED T THE END _o_g

" 1]
SEE wYouR LOCAL THEmM oR

n
THEY Now PLAYING AT A
UMIVERS ITY, CALLEGE |, OR

RESEFARCH FAC\LATY MNEAR You,
mﬁ OVERMGLL GAINS OR BEMEFITS FRaAM Twng enDeAVaR,

wnt BE To Been To Build A RELATIONSH)IP AMONG ALL
OF US ASSOCIATED wWHiTH FISHERIES AS A RESOURCE aAnND
AN INDUSTRY, “THIS Witk jngEWTASLY CERVE ALL  CoN~
CEANED AS THERE wiLk B2 A Ccommon POl FROM

WHICH TO WORK TOWARD UMOERSTANOIMG 4ND

SOLV ~
ING EACH OTHERS FISHERIES RELATED PROBLEMS .

- --READY? - LeT5 GOl
ﬁ



RSKING’ Some REnSONnBLe QuESTmNs
(Huo SOamE THAT DoOom'T SEEM QuiTe

SO QAEASONABLE ~— ~ - YET‘ )

gxnt:rv( wHaT 1S E’\SHER\ES %\OLOGT'

ANYWAY ?
O

WwHAaT DO

-au TrnK D
(OR .

SOD\NDS GO0
'ra me I

~

- < 5
\VTERQALLY FlSH ERLVES BwLoe‘r MEANS
THe BI\OLOG A\ STULOY ofF FISHERIES =~ RBuUT

YOU WNLREADY Kwew TraT]|
TN VTS SHoORTER Scaeeg 1V '\S§

vﬁg THE STuDY OF THE maANYy LiFe
FEATURES OF TrviE ORGAMISMS

WHICH COMPRISE R FISWERY.
Te TS LOMGER SQAPE  \T 1NCLUDRS

THE SOCIAL Econamic = MANHRGE MENT

ASPECTS AS WELL,

_/

\0



SOMET\MES THIS BAROADER FIELD , whriick INCLUDES

ALL “THE RASPELTS RKELATED To FisHERIES 'B\e.L.oG-Y',
’

LY
1$ CALLED FicHeriES Sciermce. For THE mosT

PART THIFSE Twao TERAMS

AHAVE T SKAmE MERAMING.

(No-re: ALTHOW G FL THERE
mMAay BE A DIFFEREMEE

RETWEEN THE TERMS,

—

Fisngry  FisHERIES, NO  OnE —
REALLY KMOwsS o’ CARES WHRT T HE TIFFERENMCE I'S,-So
Yy ARE OFTEM USED INMTERCHANGRABLY — BaTr wWHERE

ArD EVER.'-(MHEQ\E.)

MHEH WE TALK RAawT A \F|SHEK~(' L2 6.
MEAR A GRoLP oF AQUATIC ORGANISMS (TH\HG-S
THAT LWE 1M THE WATER) THAT RAee, el G6,
OR MAve BEEM WSED FOR COmmERCIAL AMDJeR
RECREATIONAL PURPOSES. THE USES I1MCLUDE NoT

oMLY THOSE FOR Humam COMSUmMPTION ButT A4ALsSo

THINGS LIKE (1MDUSTRIAL (c:n'r FoOD + FiSW mEAL)

AMD  TOWURISM (‘be<m¢n-rws

- OH pyy

SHELLs, €1c.)

i



THE AQUATIC OQRGAMISMS THEMSEELVES 1mCLuDE
A WIDE VARIETY OF GRoups J

ThHe couD BLOODED VERTEBRATES (Can'T

REGULATE THEIR BODY TEMPERATURE BuT THEY OO

HAVE BACKBONES) LIKE SHRRKS,

AND

TRAIAN GUALAR,
TR L

I THWMOUGE KT

T wnrs
PROTECTED)

Warm  BlLooved VERTaBrRATES (THeEY Cam
COMTROL THEIR ToDY TEMPERATURE QUITE MNICELY ~

LKE YOu AND ME) Sucw RS

WHRALES
-
] -

PIREN ND

Vo A
N/ < -]
: : f EALS
|
\2



LLASTLY, THEY THMCLUDE A WIiDE VARIETY OF

INVERTEBRATES ( NO gnc&&omes) qucwH 1S

SHR\MP)
CRRBS)
CRAYFISH ¥ LOQRSTER )

SQuip w QCTOPUS
@ ™MD ﬂ \ )
CLAams =~ OYSTERS, —

@’ oo )

Not To Leave ouwT gnNY GRouP, WE WMIEHT ¥HLSo

INCLUDE CoRAalLsS (uSED N MAKING JEwELRY)

AND some PLANTS Sucu As  SFAweeD (useo

1M MmyYKInNG |CECREAM!).
ALL TWE ABAVE GROUPS WAVE FiSmMERIES ATTRIBUTED
TO THEM, THE TERMS FISH <« FISHES witL B WSED
WHEM REFERARING TO THE ORGAMISMS (LomPRISING A
FisverY . 1 won'T ALwAYs wmedn "F\SH': 0F¢ COuRSE, BuT
T Witk MAKE READNG (ANMD WRITINGY) A wwoLe LoOT
S\ PLER. (AND HOPE FULLY CL.F_mtER). ﬂs Yyou HAveE

PROBABLY ALREADY GATHERED, THE GENERAL PRINCGIPLES OF
Fisneries Diolooy can B¢ APPLIED To ANY FISHERY,
\3



MHY SHOULD we wWaAnT TOo Krwow
SOMETHIMNG ABOWY F\SHGR\ES BIOLQ(,Y?
O

Tre ABOVE QUESTION ®OUGHLY TRANSLATES TO §

MHRT ARE THE OBJIECTWES OF FjisHERES
BIOLOGY -
o
Twe geason 1s) \F WE wWAvVE AN \DER
WHAT "THE FIlELD 18§ TRYING TO Do THEN T
FOLLOWS THAT WE wilLL HAVE "THE ANSWER TQ
BROTH QUESTIOMNS,
THe wman  oRYecTWE of FisWeEegs Brotooy
SHOULD BE TO §
LN
CReaTe AND MAINT AN
THe BEesT ossiBLE
FisSHImMe EXPERIENCE FarR

")
EVERY OMECT

M;:NQTICE - - '

<>

1

\l’ﬂa He SO

vSHQU.LD BE”

nNoT s l
Q




@oaeg'r LLACwEY wroTE THE PREVIOUS QUOTE IN

(11 LY

HIS BooK LMTRobDwCTION ToO Fisnneres Sciemce,
TT's 1MPORTANMT FOR uS TO EXAamine THIs STATEMENT,

ESPECIALLY TO WUROERSTAND

XT WAS GoodD
FOR me, wnas T

THE TeERmS ' BesT”’ awnD

“eEveRvome! We ALl xmow

THAT wuaT 1S BesT FOR

SGMEGNE MAY ~NOT MNRECESSARILY @
Be whHaT's BEST roR Same- g

OnME  ELSE. MoREeoveR, WE

ALSC NEED TO RECOGMIZE THAT THE “gvervang”
REFERS ™MOT JUST TO EVERYONE PRESEMT HERE AND
Mawl, BauT ALSO TA THE EVERYONRES wrio Wikl UEg
HERE IM TwE FATURE 4GS WELL.

THis BeEcames QUITE AW OBJECTIVE THEM WHUHEN
YOU CONMSIDER THE HUMDREDPS OF FISHERIES (Soms.
OF WHICH WNAVEM'T guem BEEN DEVELAPED QR
DISCOVERED Y&T) , HKAGH wniTthl TS QwWN  VERY
SPeCAL FERTURES , ANMD THE MULTITUDES oF
PARTY CLPANTS EBACY wIiTH THEIR QwnN  1DEA”R OF

+

WeRT'S YBest’ FOR “THEM (ﬂND EVERY ONE ELSEI).

LET'S EFXAMInE THE NWTS  + BauTs o -

THIS OBJIECTIVE. TV EM FIAA . THER -~ - . -

\S



ﬁ\-\e OWERS\TY OF FISHING PAATICYPANTS A4S
WweéL,. RS THOSE CLOSELY OR EVvEN REMOTELY

ASSOCIATED WITH FISMERLIES AaLL. wWAVE A VESTED

INTEREST N DERWING THE ''--- BEST possIiBLE
FISHING EXPERIENCE ---." THE VALLWLE OF THIS
EXPERIGENCE 'S o8BwviousLy i THE EYE OFf THE
BEHOLDER AMD INCLUDES wore (OR BIGGER)

FisSH I1F YOU AKE A COMMERCIAL FlSHERmﬂMJ
MORE LOST LWUAES AMND TACKLE 1+ YO0U QWN R
BT W TACWLE Snaf, STRANGER QmnD MORE

PICTURESQUE  FISH \F YauRe A SPoRT DIWER,

OR LOwER PRICES f YOou ACRE A CONSUMER,

SNUEFY'S
B v

—4
TRACKWLE




cf!-ws.m THERE IS, OF COURSE, A ™MARIOR CONFLICT
THAT RARISES UMDER THE TERmMm “"BesT”, WhHaT s
BEST For Some (Lowag PRICES FOR ExAmeLe)
1% NAT NECESSMgILY THE QEST FOR COTHERS
( \F YOU HAPPEN TO BE A COMMERCIAL FISHERMQH).
OMNCE B CONFLICT OCCURS MOST OF usS PREFER
TG DIVORCE OURKSELVES FROM THE MNICE,
HARMOMIOUS GrROwP, s socamn AS THBT

, 14 i
HAPPENS TS EVERYana foa® “THEmMSELYF .

LET {\T GO OR T'LL
CALL MY (ONGRESS-
mplsd

‘ AGH) i3
AN a0 / ’
=4 .
2 (D) A RS
It ' . o - !
ﬁ‘ P 1 =T -
¥ | \
/) ,
N\ \
N == Y o s
P 7 .S < >
? TN ESSENMCE WHAT FRISHERIES } ‘i
GI\QI-OG-Y \S ALL ARBOWT 1S PRAVIODING """

THE BEST PASSIBLE F\Srine EXPER: grce B

FOR EVERYONE wwibLa MIMIMIZING THE CAMELICTS
BETWEGN EVERY RBaOY,

Y|



C'T_[-)HOSE oF US INTERESTED ™ oue FisHeries
Resources NEED TO LEARN HOW TO wWaAINTRIN,
IMPROVE , AND DEVELOP THEIR QUALATY  WAND
QUANTITY.  ThHis ImpLIES THAT WE O0UGHT 7o
Know, ©OR AT LEAST UNDER STRMD, Haw To
ACHIEVE THE ORIECT\WES OF FISHERIES TBioLooy,
Even moRE 1MPORTANTLY, WE NEED TO KNOWw
WL E ouR OB JEcTIveES HRAVE REEMNM MET SO
THRT WE’'LL Kwow T aAufR MANAGEMEMT
STRATEGY HAS BFEN SUCCESS FuL . So- - -

THE MaAIim EmPHAS:S Iim "THIE MIxXT FEW
SECTIONS wik Qe oM TDISCOVERING

(.JHAT A FASHERMES WVioLOG ST
DOES,
How ME OR Syi& DOES 1T,

IND - - -
WY ALL “THIS ACTIvITY
AND RESEARCH \S
NECESSRRY.
LATER oM 2 wELL EX¥AMINE  ‘ow -rhiE

SPEC\FIC OB JIECTVWES TO®R CRCW FiSHERY ARE
'QETERMINED,. VYUT TWRST =~ - -

'3



ﬁfue QUESTIONM  ALSO  ARISES §

Q/':on’ YAROD STICK DO WE AUsEe To
MEASURE wHAT 18 BeEST Amd
- Do wE Knaw WVHEN “"Best ™ hgs
BeEEMm ﬂﬂ‘fﬂ:NED?
[+ ]

T The RIEC.EMT PAsT AND EVEN TO THE
PRESENT DAY, ONE AF THE maToR OBJECTIVES
OF FISHMERIES TBI1OLAGISTS WAS TA MAINTSIN A
FISHERY AT T MAXIMUM SusTAWNRBLE Yicip
(o MSY For swarT).
MSY s PEFINED PURELY ON A BIOLOGICHL
BAsSis . BWraery |, MISY means...THE HiGHEST
Yiero oa CaTtcH  o0F Fism  wwick CAN Q€
TAKEM  WITHOUT CAWSING A DECLINE 1M FUTURE
CRTCHMES, T OTHER (WaARkDS , THE CATEZW WE
CAN THKE FROM w FiISvWERY WiTHAUT DVDEPLETING

THIE&E NAMRBER L\ TH 6 GRoOwP QO STogw.

19



ﬁs sTATED PReviousty Tre MIY ror
AnY TFISHERY 1 S ESTABLISHED PURELY AS A R10LOGI1CAL
PROBLEM., CarcuratTinge MSY ﬂEQu@Es MO InFO® -
MRATION OF ANY ofF TrE ECapmamIc ©of SouiAa.
FACTOR S WHICH WE KMaw <dM GREATLY REFECT
THE FISHING INDUSTRY AMD TS PARTIV\CIPANTS,
T¢ THE GorL OF FIisHeERIET BislaGy WeERE
MERELY TA DETERMINEG AND MRBINTAIN THC
MSY Fok €EAcCH SPECIES OR KinuD OF FISH IN
THE VARI\OuS FISHMERIES “THEN THERE wautlbD
CERTAIMLY BE manY PROBLEMS., “THESE PrRaSLEMmS
WOoULD OQccwulR BECAUSE -THE LEVEL OF CATCH
TAXKEN tAorm THE POOL- o’  STOoCW. WwaulLd BE
MADE LnTHOGLT ANy RETFERENCE O’  COMSI\OERATION
FaR -THE PeELSOHAL LAVES oF THE TPFOPLE INVOLVED
WA TH v,

cfr-u': ESHERY _C_:ouse&wrnon MannGememnT
_G_CT @rBREVIATED Ta FCMA  of cowksg) ofF 1476
wiAs ePasseEd BY -THE U. S Coneress wrTH ONE
oF TS PufRpPaseEs NF NG TA GET AWARY FRom A
STRICT LY B\OLOG \CAL Goat- aof T\ SHERIFS
MAMAGEMENT,

‘@ \C ALWAYS fEemS TO TAXE

g (-9 ﬂc.‘t of ComwoRress .

20



ﬁ NEW G-oﬁu FOoR FISHERIES MANA GERS wWAS
ADOPTED was eaetT of +we FCMA calLeo
OPTimmum rlE.LD. Orrimum Yicrs (oa OY) s
BARSETD om THE Maximum SusTA;NﬂBLE YlEl..b Buwt

0"

AS T (’T’HE MSY§ 13 " MOLI\FIED WY

RELEVANT SociAaL |, ECONOMIC

OR EcalLOGIthL

o
(wsf

FACTORS.

———
p—

DPACAy

ek et to TusT ExactiY  Haw THiS
PU22LE s PUT TAGETHER LATER VWT THE -
PORTANMT PaimT TO REQLIZE S THAT FISHERES
RiQLA G118 TS MUST NGO LAMGER BE aNLY CONCERMED
WitTH BBING ACBLE T MIvMGE A TISHERY FRam
A BioLo o'edl. PaixT aF WVIEW. 'THE\* MmMuUsT

NOW LEARM TO MAMAGE v Flom A PEQAPLE PaiwnT

GF VIEw, THAT SHoued
maxe EveRyBany HAPAY! YeAH, EviEn

21




How manyY WE (CaAM
CATCH €ACH VYEATR-
v THAWT DEPLETING
SToc K.,

THe

HOW maAaNY WE SHouLD

CATCH ConNSWERING WASY

THE Soc.uqt.’ EComMOMIC
ECOLACACAL STTuRTIGMN

F:lG'U\"lf- _1_. T Hwe @EL!QT\IQNSHIP BETWEEN
MSY, C:'J"(J ane STocK

22



@l Fisreries Buwowoei'sT must 8 ABLE o
ASSESS AMD TDERETERMINE THE I1MPALT “THE MAIOR
EnvIRONMENTAL < BiloLocricul FRCTORS HAve o~ A
FISHERY, “THAT MAY SOUND LIKE A DIFFICULT, IF
NOT (MPASSIRLE, -TASK. BuT 1T SOUMDS EVEN rMORE
DI FFAICULT ONCE You REALIZE THAT OFTEM EVEN
“THE  FACTORS THEMSELVES MAY INTERACT I TH
EACH OTHER. FO& F-')M*‘P‘-E, ’rEmPEEA’TU\QE. MAY IM-
FLUEMCE 4 FISHERY , NaT omLy BY ACTING DIRECTLY
ON THE FI1SH 1M A FISHERY, BurT ALso BY AF-
FECTING -THE AVAILAGILLITY OF A FOOD (1TEM ESSENTIAL
To THEIR GROWTH ofn SURVIVAL.., STudoVing AND
DETERMINING THE IMPORTANCE of "THESE FﬂC.‘fORS,
THEIR, INTERRACTION , AND wow THEY EACY IN TURN,
AFFECT THE FISHERY 1S THE QRESPOMNSIBILITY  OF
FisHERY RBuOLOGIDTS, I—r' S THRAWGH A CARE FUL
AND CORRECT WUNDERSTANDING OF -THESE RELATIONSHIPS
+HAT HE OR SHE 1S ABLE To carcurure MSY
AND SUBSEQUWENTLY EXAMINE THE SQCAL AND

ECONOMIC. PACTORS TO TDETERpuNE OY.

23



in CRDER TO SET THE GOALS FOR FiswemiES
MANACCEMENMT AND TO TDETERAWIME L€ AND WHENM THESE
GORLS HAVE REEN MET WE WMUST B&E ABLE TG View ThwEg

FISHERY s TS TOTAL PERSPECTWE .| |

&C@\ﬁ‘\‘lc. ORGAMISMS ARE NAT 130LATRD FRam
THEMSELVES OR ANYTHING GLSE., (HE FACT 1§ THAT
FISHERIES ARE PFFECTED BY JUST ABOLT EVERYTHING,
fu Fioues 2. THE M™MAJOR FACTORS wWrICH INFLUENCE
FISHERIES HAvE BEEN BROKENM Dowsm INTG -Two GROUPS.

THeRe 1S A GRouf OF EMVIRONMENTAL OR PHYS)ICAL

FACTORS (uHickH INMELULENMCE FISHERIES Sucr #S 9
'T:-mpfan-ruae) SaLmrrY) Oxvarzr-t, o Borram —WPE
QR. S\LBSTR\QTE IH RODTiION , THERE 15 # GrouwP

OF OTHER FACTORS wriicH wWR:E Bilotoorrde Sucr

RS ¢ ComprrirTion , Faoo Paea SITES "D‘seﬁss.s_’
AND ?asva-me.s (u-a A WAY Yo MiGwT THINK OofF
FISHERMEM nS PREDATORS OM THE FI\SWw (M A FlSHGQY!).




Fleukﬁ 2.  FRCTORS (WHILKR MAY
AND THE CONCEPT T HAT

CQMPOSED

IN TURM,

i FLUENMCGED

FiSriEAY

€A,

\iNFLUWENCE 9B
A FI1SmERY 'S
OF INDVWIDUALS (o ARE
BY THELE FACTORS,
ComPeTiTion
FaaD AvAILABILATY
PARBCIA\TES
PREDATARS ¢TT,
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zu FiGuRE 3 A DIAGEAM S PRESENTED wWHICH
INDICATES ~THE GENERAL TPROCEDURES USED 1™
FisHeries Bioroey (m‘ LEAST IN AN (1DEAL SrruﬁTJoN).
THis GernerRrL PROCEDURE 1S NO DIFFERENT -THAN
THAT USED 1IN ANMY QTHER FIELD ORIENTED -TownAkd
PROBLEM SOLVING, LT REQUWIRES AN INPUT OF
INFORMATION | AN  ANALYSIS OF THE INFIRMATION,

)
AN APPRPRIATE RESPONSE 1O THE SiTUATIioNn , AND  AM

BSSESSMEMT of -THE RES POMSE,

+ ' &BOVE AL, HOWwWEVER,
to WE SrHawLd BVWEGG W wTH A
s ""-b ...... O QUESTIOM™ , THIS usunLey

4 ."'Q o MEAMS THAT SOME INQURY
. HAS BEEM MADE INTQ THE

CURRENT STHTUS OF A STOoCLK

i (WE'LL DEFINE THIL TERM

NumBER CpueHT
Q

1 - L#TEQ-). FaR EXAMPLE , T

—_—— .y MAY BT MITED THAT A
iy 80 8 g4
VEAR.

FISHERY SEEMS Tha RBE ODE-
CLIiMIMG Int T HE PAST

FEW yenﬁs ('SOU.MDS FRm L 1q & ”’) THE QussTron

THEMN 1S  RASEDQ
Has TheE STocw @eaclyY ’DEU_\HEO?
| f
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WE WouiL0 RBEGIM BY EXAMNING THE AVAILAGLE
DATA, LF THE DATA INDICATE THAT THE ANSWER
To OuR QUESTION 1% 4t\[ES’ (or = PrRo®AeLe ' YES')
AS opPOSED To A  NoO' (ar PRaBABLE 'No') The
R SECOND QUESTIOWN MUST BE ASKED 7

UHQT 1S THE CAUSE OF THE
DECLANE 1M THE FtsHER\/p
o)

mus THIS SECOND N

QUESTION LETS WUS Jum?P InTO

THE PROCEDURE CYCLE ALREADY
SEEN 1IN FiGURE 3 Twe 1N~
FORMATION REQUIRED TOo AMSWER
THIS SECOMD QUEBSTIOM mMaY AL-
READY BE AVAIL AGLE FRom PRE-
vious STuDIES. T GEMNERAL,

HOWEVER, THE ANSWER USUAL-

LY REQUIRES GATHERING NEW

QR A0DIiTIOMKL- TDATH OGN

INDIVIDUALS U-'ITHH;_; THE .

FISHERY .

L N IS
28 T— _ —— A




wm\.s \T 1S TRUE THAT A FISHERY \S COMPOSED

OF ™ManNyY (1NDWIDUAL ORGANIS MS, WE NEED TO REAQAL-

\2ZE BRBEFORE (WE GO OuT aAND GRTFHER DATA ON
THEM -THAT NOT ALL (MDWwWIDUALS iM THE FISHERY

HAVE  ExAcTLY THE SAmME CHARACTERISTICS ., For

ExﬂmﬂLEJ Same MEmMBGRS OF TrE FISvIERY MAY

Be \lonoer oR PRODUCE maRE EG-G-S THAM OTHERS
OF THE SAME AGE . SomeE wmwuy DIWFER 1M wWHAT
THEY €8T OR WHERE THEY OCLUR,

TN ORDER TO ACCOUMT f-‘o& THESE DIFFER~
EMCES (wHICH Cdu.t.b HAVE A MAJNOR 1MPACT ON

THE FINAL ANSWER TO A QUESTION) T 1§ ESSENTAL

TO OESCRIBE A FISHERY ON - & STATISTICAL BASIS.

Don'T Gt Put off. WHAT 15 meEanT ®BY
A STATISTICAL TDESCRIPTION 1S ReAWY Qu\TE
BASY TA UNDER STAND ., 1 NOITS SIMPLEST FORM
WE MEAN WSING AN RVERAGE \EepGTH Rk wiERiGHT
VAR AN
TQ RQEPRESEMT THAT CHARACTERISTIC QF THE MEM-

BERS oF A FiSHERYJ("T'HE RAVERAGE THEN \S
wE vALuE For A | TYPIAL' memBER oF THE GRouP).

29



ALSO = AT 8 \MPORTANT To RKREALIZE THART
THE AMNSWERS TO OUR QUESTIONS WMAY REQUIRE

THAT NOT omMLY Wil R LOT of FisH HAVE

T0 BE TMEASURED FOR WA Sim GLE CHARACTER =~ —

@mr A ’Boo@
CARE “TO . V} q
TRADE MEASURE MENTS 7 e

- = = BuT ™Mo sT ANSWERS Wikl REQUIRE THAT

(Like Boov s1z€)

WE STUDY (SOMETIMES N ELABORATE
STATISTICAL OETAIL) mMmany DIFFERENT

RODY CHARACTERS OF THE ORGANISIMS
AS WwWELL ASs M AMY DIFFERENT FACTORS O©OR
FEATWLURE S OfF THE GBNVIRONMENT wHICH
‘Pﬁf{'rd\m To THE FISHERY

@og EXAMPLE Ta ¥Ywow WHAT mMAY HAVE
CAUSE O THE DeCuLinme of A FISHERY wk Mmay

HAVE TO KNOW "THE §

jo FisHIinG PRESSURE N THE ARER
20 MAGRATION PATTERN oF THE Fisw of-
@o TheR GROwWwTH RATES

30



WE ™iGHT EBveEMN NEED TO KNOW THE AMounT

OF FQOD THAT'S AVAILAGLE BECAUSE THAT CAN

CERTAINLY M RLUWENCR G RO wWTH RLATES

FISH  GOTTA
¢at —oo!

ﬂ LotvT oOF% TIRFERENT CHMARACTERS FRoM
IS MUGT BE EXAMINGED

4 LOT OF TOI\FERENT
ACCURATELY  ANSWER QUESTIONS

IN ORDER To

L FASHE R'ES

OH YEAH, WELL TusYy 00
How wmANY ? - wisE euY »
s "
As mAmy QS T TAKES, Yaw LVITLE CLAM
—— — ——— — J — ettt r—r——

GH\S RELPONMSE MUY SEEM A BT SiLY 8uv
gfF “TRWTH Ta 1T, G‘ENE'»&LLY)

THERE 1S A ot
OFC TwE TYPL

FisHeEeY BOLOGISTS GATHER DATR

AMD M AMOLUM™MTS THAT THEIR EXPERIENCE |

FUNMDS BLLOW,

31
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\
THAT SHauLo

BE TusT
ARouT EAMC 0‘-‘5
“THANKS,

@PON FURTHER STUDY (T MAY Gle DETERMINED
THAT TOO nmMucw OF ONE TYPE OF DATA WERE
COLLECTED |, NAT ENOUGH of ANMOTHER , OR SOmE
WSE LESS DATA WERE GATHERED, ?ee.vm?s Same.
REALLY \WWPORTARNT INFORMATION WAS NOT COLLECTED

AT AL\

|
Ri\é -7

OnLYy 8Y  COLLEBCTING DATA , ANALYZING

\T, AND ASSESSING VT, CAN  WwE EVER

REFINE THE ODATR TO THE POINT WHERE
OUR QUESTION CAN BE CORRECTLY ANSWERED.

kYR



. L} N
@NLE ENOUGH OFf THE RieHT KiNMD OF

DaATAH ARE GARTHERED anN

DUCTED TO ODETERMInNG

AanN

THE

ALYSIS 1S ConNn -

STATUS O©OF -TrE

FiSHeEeeY, . .
.
_ v H?:;'.:\ ?‘I.

.

NOTE : THE WORD TDATA

oF INFORMATION .

AnoTrHER NoTe: HaeoLY

1S PLURAL ANMD REFERS

JTo MORE  THAM OQNE

TR

THE SINGuLAR. FORM,

NUMBER oR Piece

WORD  DATUM 15

ANYBODY USES T CORRECTLY,

. . . Tee  aNALYSIS M\GwT

FisHERY 'S DECLINING,
INC.REQSING , OR STABILIZING
ANMD ( DEPENDINMG OM THE
Kinp ©OF AMNALYSIS) inOIC-
ATE THE PROBABLE CAUSE
(o& CAUsSES) FOR THE Cuk-
RENT STATUS O©OF THE

FISHMERY,

33
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So_ms-rlhes BY USING THE sSamgE OARTA, 1T
'S POSSI\GLE To €EXaminNEg THE EFFRECTS THAT
VARIOUS WMAMAGEMEMT OPTIONS (menAaGEMENT
OPTIONS RRE ESSEMNTIVALLY THE SAME THING AS
POTENMTIAL SOLUTIONS) MIGHT HAVE on #
FISWERY, Fon EXAMPLE | I QuRk ANALYSES I -
DICATES THAT Low REPé.o'buc:rwe EFFORT IS THE
REASONM SUS PECTED AS CAUSING THE DECLINE OF
A FRiSWERY ONE SUGGESTION  FOR ' TS P -
PROVEMEMT miGrT 8Bg ToO SToP ok REDUCE
FisSvuNG PRESSURE DURING THE PEAK REFPRODUC -
X\WE  SEASOM. THERE ARE NUMEROUS OTHER
QP TIONS OR STRATECGIES THAT CouLDd Bt
APPLIED AS WELL BT BY usSING THE DATA FRom
THE  FISHERY AND SOME  ANALYTICAL TECHMIQUES
\T” 1S POsSSI1BLE To DEVELOP MANAGEMENT
STRATE G1e2s THAT wiLL LEAD TO IMPROVEMENT
OF THE FISHERY WHILE CAUSING  THE LEAST

INCONMVEMIENC R TO “THE - FISHING commumNnIiTyY.

34



@NCE A STRATEGY FOR

a FISHERY 'S ADOPTED ANTD DOES

ATHIS PROCESS
EVER END?

IMPLEMENTED T 15 AR SOLUTELY

NECESSARY TO RKREASSESS THE
STATUS ©OF THE FISHERY TO

PETERMIME  (F THE MANAGEMENT '
TECHNMIQUE HAS BEEN EFFEC - v

TWE , T His or—_c.ouase_. e -

QUI\RES THAT ALUDITIONAL DATH \
OM THE FISHERY BE GATHERED v

AND REANALYZED, OWUSSEQUENT

TO A REANALYSIS SEVERAL

QUESTIOMS SHAWLD G ASKED ; .,
(<
WAS THE MmMANAGEMENT STRATEGY EFFECTIWE 9

“-Do we NEED TO SUBSTITUWTE of ADD
RANOTHER, MANAGEMENT STRATEGY 9

F A

TS FTUATHER MANAGEMENT NECESSARY 7

( Twue Process OF GATHERING DATA  ANALY2ING 1T,
OFFERING MANAGEMENT OPTIONS, AND EBVALUATING THE

STATUS OF THE FISHERY IS WHAT If_}jHER.lf.s B\ALOGY

IS ALtL AQGOWT. LM THE NEXT FEW SECTIONS
WE Wit EXAMINE SOmE OF TrHE Li¢E FDSTORY

DATA ~THAT RARE OFTENM wne&eEDED, Later we’ll sgE

@Hﬂ-‘t‘ “THESE “ e BWBWE AURBLE 1T TELL WLuS,

\

J
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THE PARTS OF THE CRITTER'S LIFE
WE NEED T0 WNOW ABOUT

TT's APPROPRIATE NOw TO GET AN OVERVIEW

OF THE TOTAL PICTURE OF THE WINOS OF QUESTIONS
WE NEED TO ASK OF -THE FisH (oR OTHER KINDS
Of ORGAMISMS) THAT mMAKE uP A FisHeeY. Im
Ficure 4. we& SEE THE  PILTuRE OF A "TYPicAL®
FisH WHicK REPRESENTS MANY oF THE ORGANISM]
THAT COMPRISE A FISHERY, | we Fleure
INDICATES THE VARIOUS PARTS OF THE ANIMAL
Wt HNBEED TO STUOY IN ORDER TO HELP ANIWER
SOME BIGCGER QUWESTIONS ABcuT -THE FISHERY
As A wHOLE,

TN SHORT WE NEED To AsK (Anb FIND
ANSWERS 'To) THE FOLLOWING QUESTIONS

&o UWHAT WIND oOoF Fi3H s nT‘Z

o Wreee ®ogs 7 Lwe 7

@o How olp 13 t‘\'"? N

Q

Bo How FAST DOES T Ggowp

%o L 1T 1 GooD SHAPE ?

[Po WraT Does T snfr‘?

@o How many YounG ikl 7 PRQDUCEO

E'-J\]o LoHen witl T PRODUCE THOSE Youuc,—?

ol HERE Has 1T BEEN AND WHERE wiL 1T cfo?
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FiIGuRke Y.

OTOLITHS
( EARSTONES )

POPULATION
STRUCTUWRE

—> We\aHT

SrV2E
CHARACTERS

LEMGTH

THE PaARTs oOF
SOME OF THE KINDS o

t——

DL Inp \.111 ‘ml\lml l\)}l ‘;Hl |nll

STomacr —

*oo®
HAGYITS

Fﬂr,” ,,,n ’,l]l I)‘)l ln‘l )‘”%

0

GoMADS-
SEWR AT,

EGGYS)
SPARJIMHING-
SEAION,

g-1T. .

\

A4 FiISH AND

DATA WE AN C-8T,



EN “THESE NEXT  SECTIONS WE Wikl FEa-
AMINE EACH OF -“THESE QuUESTIONS AND CARE FULLY
€ XPLAIN HOW  STUDYING “THE VARIOWUS PART S
AND ATTRABUKTES OF THE ORGAMISMS CAMN GIVE
us A PRETTY GooO 1OEA AS TO WHAT THE
aNsweER, 1s. We'LL ALSo ouTLiMGg  THE REASONS
FOR KNOWING THE ANSWERS TQO THESE QUES-
“TVOMS AS WELL AS Gl\ve AN INTRADUCTION ON

HOow A FISHERIES BLOLOG\ST GOES ABAWT GATH -

ER NG THE TATA.

—~

LOOKS LIKE WwA'RE
GETTING IMTS
T"HE MEaT OF

1T NOW,

AT LEAST WEe'RE

g MNMOT GETTING

INTo THe

l

‘ CrowDe &,
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@o (Juar KIND OF FisH 1S n’?

gome FISHERMES ARE COMPOSED o.F A S\NGLE
KinD .1 ORGAMIS M. wrLE OTHERS ARE (OMPOSED
0F SEVERAL DIFFERENT DS, Foe EXAMPLE §
. A ONSTER FISWHEAERY CONSISTS OFf ONLY
ONE Kino ofF 0"r'5'l't-:KJ
. THE KinG MACKEREL FISHMERY GENERALLY
INCLWUDES ~ ONLY KING M™MACKEREL,
.« A CGROUPER FiISHERY MAY COMNSIST OF
SEVERAL D\FF'ERENT MARINE SEABASSES
wwicH  ARE  CLOSELY AELATED |
. A SHRIMP FISHERY MAY 1M CLWOE
DIFFEREMNT KiND3 oF SHRIMP Sucw AS
PINKS, BROWNMS , AND WWITES.
Facve OF THE DIFFERENT  KINDS OR TYPES
oF QRGAMIS MS ARE KNouN-{nSC\GNcE As DIFFERENT

SPECIES . SPEmEs ARE WS ALLY RECOGNMYVZED

TAND DASTINGUNSHED FROM Eqc OTHER BY THEIR

APPEARANCE .

THEY'RE DIFRERENT

39



§ome DIFFERENT SPECIES , However, CAM
RESEmBLE EACH OTHER, veRY CLOSELY AMD
CARE FUL EXAMIMATION may BE€ NECESSAARX To

TELL THEM APART .

e Y,

ANOTHE& FEATURE OF SPeci€sS OTHER THAN
LOOKING DIFFERENT FROM ONE ANOTHER 1S THAT
THEY USUuALLY Don' T REPAODUCE OR MATE wiTH
oTHeaA Kimps of sSfPecies . Garasy snaPPeR, FOR
EXAMPLE DO NOT MATE AND PRODULE YOUMG wvTH
RED SNAPPER. chas\oNﬂLLY SOMmE DIFEFERENT 3IPECIES
Wikl MATE ANp PRODUCE  YOUNG . “This 13 CALLED

HyBRiD1zATION . Tt 1S AN EXCEPTION TO -THE

p,m..e.) ALTHOWGH AS we Witk 3EE LATER, Some

&SPECTS oF HWYBRIDZATION Car SEAVE AS M use-~

Saaay ! YouRre
NoT wmYy TYPE

FulL MaNAGEMENRT TECHMNIQWE,

"




1

&MO"T’HE& FEATWURE OoF A& SPECI\ES 1S THAT

oF MAKING A Lvwv i MG

EACY OMNE  WHAS v TS OWM Ay

or, ROLE TwAT T PLANYS N THE ENVIRONMENT.

Twis  specine  ROLE OR L\FE STYLE FoR EACH

SPEC\ES 'S REFERRED TO AL \T'S MNILHE AND 435
‘__._—-I-_'I

UM QUE =3 3 SLAGHTLY DIFFER ENT FoR CALH SPECIES,

TH1S UMIQUWENESS mMAY @BE OBVIOUS. Dome SPECIES,

FOoR EXAmMPLE, QCewPY A CEQTAIN ZOME OR WAG\TAT

IN  THE ENMVIRONMENMT ~THAT NO  OTHER  SPECIES

QCcCLPIeES, Some-nmes TWoO OR. TORE SPECIES

THE SAmME  20ME BT WWHEN (WE
WE FIND  “THAT THEY

mMAY QLLAPY
OO AT THEIR FOOD HAGRIVTS
Don'T EAT EAQACTLY THE

3% LIWKEe THE SAmE THINGS, Some-r\mes

DEEP CLEAL
WARATER ©F

WE MIGHT ®I1ND THAT “THEIR

FOOD HABTS ARE THE SAME

=

GrivE ™mE
R MuoOY

&

BuT THEY fAacv. FTEED AY

DICFERGENT “TimEs OF THE

vAY, ,PKQSU\M#BLY TH ©
COoAST ANYTIME

ZESWULTY vS THRAT LomPETI —

TIOM BETWEEM SPECIES 1S

REDWUCED . We CowiLp oo OMN s VT "T'HIS, BuT

THE M AN POV T SriouL O BE cLEAR — Eacw

SPECIVES HAS TS O N SPECIAL ROLE N THE

ALL e OTHER. SPECI\ES,

K1

Torac COMMUMITY +~MONG



C(-ﬁ«e USUAL WAY WE DETERAMINE WHAT SPECIES
AN  ORGAMISM IS, \S To FIRST LooK CARE FULLY
AN D NOTE TS PHYSICAL FEATURES OR EXTERNAL
APPEARANCE, | His SwoulLb ALLOW WS TO CORRELTLY
IDENTIFY 1T EI1THER fRom PAST EXPERIENCE OR BY

UWSINGr AMY OF A NUMBER OF GGUIDES OR BooKSs

ON  IDENTILFYING AQUATIC ANIMALS THAT ARE AVAILABLE

HAWw TO \DENTIFY
SEa& LiFE L L

IF WE NEED ADDITIONAL RELP T MAY GF

NE CESSARY TO  CALL "~ A-'rﬂuowomsf. THEY

RAE RESEARCHERS w o SPEND A LOT OF TImg
STUDYING THE DIFERRENT KOS AND  YARWETIES
OF CRITTERS. THE RESULTS oOF THEIR WORK
ALLOW us To PuT THE SPEamEN (INDIWIDUAL
CRITTER) INTO A CATEGORY OF WHAT Kino oF
SPEQES T 1S, n;w UNWER SATY oR- AQUATIC
ARE SEARCH FRCIL\TY SHouL® BE ABLE To
SUGGEST THE NAME OF SomeE ONE THAT CAN

BRE CONTACTED FOR HELP witTH {IDENTIFYING
an AN KNOWN TBEAST,
2.



@)!vt\wJ S0 NOwW wWE YNOW THERE ARE OIF ~

FERENT KINDS  OF  SPECIES, EACH ONE 15 PHYS)CALLY
DistTiner  ( ALTHOUGH WE MIGHT HWAVE TO LooK

VERY CAREFULLY 1N Soms CASES), AND EAcH  OC-
CUPIES A NMACHE (P\OL.E o WAY OF mMAaxinG

A LIVING 1N THE  ENVIRONMENT) THAT 15 DIiF-
rerenT. GreaT “ rr BuT O WHMY 43S AT IMPORTANT
FOR WS To KMOW? THyS ABOuWT THE OQORGRAMISMS

m MAKE UP  FISHERES 7 ¢ J

R

SINC.E. EACH SPECIES v 3 DISTINCT wWiTH
RE GARD TO T S LIFE OoR LIFE Haﬁr‘rs’ 1T 1§ oné
OF THE GOALS ©of A TisreRY ™ioLoGisT To
DETERMINE T HE ENVIRON MENT Al LAMATS WATHIN
wmr_H EACH SPECLES LAVES. SuBSEQQENTLYJ
HE oR SHE MWUsT DECIDE WHAT ASPECTS QF
THE -TOTAL LI\FE OF -THE ANIimB¥ L ARE (MPQRTANT
RELATIVE TS TS RaE IN A FisuerY. LasTuy,
1T ™MIGWHT ‘BE" DETERMINED THAT mMORE THAN
ONE sPecies’ LAFE Hns-romr,’ (1 7v's THE sSAMe

THING AS LIFE STYLE) FEATURES ARE, FOR HALL

PRACTICAL (?— 'STA'Tus-racm..) ?ua?oses, TwE SAME .

| X1
We mAY BE DIFFERENT g

BUT -THEY CAM TREAT US THE Capm
u3




THeE maNaGEmenNT OF A FISHERY CAN BE SIMPLIFIED
ESPECIALLY ' e v COMPOSED oF SeveERAL SPECIES.
T - DEMERSAL-

A EXAMPLE QF TH1S MIGHT TBE

(THAT means BOTTom ASSOQMTED) GROUPER  FISHERY,

THE; SEVERAL SPECIES (WHICH
SAME WAY 1 F EAcH SPECIES’

ComPRISE vT COUL D

RDE MANRAGED TrE

LAFE »MiSTORY FEATURES ARE SIMILAR SmousM  NoOoT To

WHRRERANT A SEPARATE MmAanAGEMENT STeATEGY

FOR €Acwr SPECIES, \

You CAw €A SV APPRECV\ATE THE COMPLEX)TY

AND NEAR \MPOSSIBILTY A
I EACH SPECIES HAL TO BE

FISHERIES MANBGER'S

TAS K WAL BE

MANAGED SEPARATELY, EspPECiALLY WHEN TWEY CAN ALL

SAme 4254) AT THE —'rnme)
SAME ‘BQAT'J AT

RE CAUGHT Ina “THE
WiThk THE SAmE ‘8:4:“1"1 FROM THR

THE SAame: DEPTH . . .

UJHELU}

&

MY



o LWHere DOES 1T LIVE P |

MosT ©0F uS Wikt 1MMEDIATELY  RESPOND  AND
SAY — AN ORGAMISM LIVES 1N A HABITAT, JHaT's

CORRRLT,  OF COURSE, BuT LEeT’'S PuT THE TERM

'HABITAT (N PERSPECTIVE . JHERE ARE MANY DIF-
FERENT KIND S CF .Hﬂsrrn"rs. Some EXAMPLES OF
THESE ARE EsTunRIES SALT MARSHES,

CorRAL REEFS, SANDY TWEACHES, ROCKY SWORES,
gTc. Thn a4 way, EAcH HABITAT 1S A  UNIQUE
PLACE  wWITH TS ownN  CHARACTERISTwIcSs, LaTer

WE'LL DESCRIBE SamBE aE THE CHARZRARCTERI1STICS
W R ARE impPoRTAMT FoR WS -To HNoWw MAeOWT
BuT FiRST WwE NMGED TO SE® pMHOWw AuLL. THE

MAaBITATS FiT  TAQGETHER,
“THE TERmM USED Ta DESCRIEE

THE ToTHAL OoF AtL HAGITATS
1S  THWE €cosyYsYem , We

CownLD BREeAK DOWMN  THE

AQUATIC ECOSYSTEM imTe 1T S
VARIows HAByraT) WBurT LeET’S
LooK AT T  ANOTMER WAX., [HE ECOSYSTEM 1S
COMPOSED OF Two MATOR INTERRELATED PARTS OR
ComPONENTS § THE TPHysicMe ENMVIRONMENT  AND
@THE BioLoGran . BNMVIRONMEMT (SEE FIGURE 2_4&;4»4)

s



C\_ra-lﬁ "PHYS\cm.. ENVIRONMENT 1S  USWUALLY WHAT
WE THIMK OF WHEM UWSiInNG THE  TERw HaBITAT,
BwT RS WE'LL 3SRE, THSI 1S onmLy PRRT OF TS
MEAMING . LM ADDITIONM -THERE MESEVERARL MATOR

FEATURES oFf THE TPHySica ENVIRONMENT THAT MmusT"

_‘Bﬁ WHMDE £ S TOOD AS WEBLk,

L&.)GTER. QUALITY IS ANOTHER WAY ofF SAYING
WATER COMDITIONS, Trs  PERwAPs  TRE SINGLE
MOST i mPORTANT ASPECT oF AN AQuATi1 L Hﬂil'l'nf}
BECAIE THE ORGANISM weE ARE CONCERMNMED W TH
SPEMD THEIR EMTIRE LIVES SWRROWUMNDED BY WATER

AND ABSOLUTELY DEPEND ONM T FoOR  THEIR SURVIVAL .

ITN A SENSE YOW CouLD SAY THAT WATER QUALITY

1 TGO A FIsH AS IR 1S To A HUumMmMAA, ?Etluars EVEN

MOoRe Q.

Yy
>

AR QUAALITY

CAN AFFECT

WATER QUALITY,

Yo



&u_ AQUATIC ORGANISMS HaAVE AR TOLERANCE
it TO aus‘t". AjouT EVERY THING M THE EN-
VIRONMENT, Tun-r MEANS TNEY CAN LIVE OMLY WITkHIN
A CERTAIM RANGE OoR LI T ofF WHATEVER

FEATURE oF THE WATER WwE WERE TO CONSIDER.

SOMEWHERE N ~THIS RANGE 1S THE OFPTIMML OR
QEST PLACE ToO BE . T ¢ AN INDIVIDuNL. S AT
THE €EDGE oOF ITS LT  FokR A PARTICULAR

EMVIRONMENTAL- FEATURE WE Could SAY T was
STRESSED,

UJHEN R FISH 1S5 STRES-
SEv T CAN DO SEVERAL

TriNGS §

@\1’ CAN ADAPT To TrHE

SHAKY AT
THS -_mmT.’ STELESS . T'Hus 1S USUFRLY
DOME BY “THE AnimAL MAX-

ING A PHYSIOLOGLCAL

(\-louu T FaNncTION S))

/ SEHAVIORAL (M OW T ACTS),
/ OR. WOAPHOLOG\CH L (Hou

VT APPEARS, TS SHAPE , TS

e

CoLor , ETC.) RESPONSE,

@ TF v 'S NOT  POSSHIBLE <O noﬂrr; THE FiSw

COWwLD RECDUCE oR ELIMINATE THE STRESS 8Y

MOVING ©Rf MIGLATING To A Less STRESSFUL TPLACE,

“7



OoR LASTLY @ \F T CAN'T APAPT OR MOVE IT COowD
E. (Asually SucH A DKASTIC AurEnNArwﬁ SucH AS
DEATH DOESW T OLcuUR BUT WE AN ALL THINK
OF SOomME  CiRCUM STANCES WHERE \ T Hnsf

MOST ORTEN WHEN THE ORGANIIMS IN A FiISH-~
£8Y ARE  STRESSED THEY ARE ONLY SUBYECTED TO
THE STRESS RAR A SRORT PeRIGO OF TIME | £ THE
STRESS 1S SEVERE. OOomETIMES ~THEY CAN 8¢ UNDER
STRESS FOR A LONG PERIOD ¢ -THE s-r%fsss IS NoT
Toa Harsd, YFeom g FISHERIES  PoOINT bF VIEw WE
WOULD  WANT 10 ASSURE HAT QuR FISHERIES AQe
ALWAYS uNnDeER QPTIMAL CONDITIONS SO THAT THE
FISH MiGHT GROW FASTER. O©OR B MORE &\ T N
OTHER ASPECTS afF THEIR LIFE HisTory ((LIKE
PRODUCING LoTS  OF NICE HEALTHY Younol),

“THEREFORE, ,T's IMPORTANT NOT oONLY To KNOwW
THE WRTER QUALITY FEATURES  THAT miAY LimiT €ACH
SPECIES = BUT ALSe o KNOW THEIR OQPFNMAL WATEL

QUALITY CONDITIONS SO THE ORGANISMS CAN NOT
ONLY - SURWVIVE 'BQT' THRWE,




GHERE ARE WIRTUALLY AN UNLIMITED NUMBER QFf
WATER QuatTY CHARBCTERISTICS THAT COULd RE EX-
AMINED BUT OFTEM THERE ARF OMNMWLY A FEFW aF THEM
WricH THRAUGH  THE Ysmls) HAVE PROVEN ToO MHAVE
AN  EFFECT on  FisHemiss. Among  THESE AKE
"ﬁ:‘mnm&mns ) SauinyTY TTURRIDATY (wﬂffﬂ a.ﬁi\‘ry)
OxyGeN , ANd  (UATER CulLENTS, THege ARE | qF

COURSE, MANY OTHIRS SucH AS  VARIous PESTICIDES,

HEAVY WMETALS  ANMD doTHER TFORMs OF PoLLUTION WHICH
MIGHT  HAVE To BE STUDIED CAREFuLy S WeLt . By The
WAY, Same SPeECIES CAMN HAVE VYVERY BROAD LymiTs

(ﬁ WIDE  TOLERANCE) FOR Same aR AtL OF THE
WATER QuALITY  FEATURES WHILE QTHERS CAN HAVE
YERY NARRAW UmiTS FoR Same @R ALl  ofF tHewm,

REMEMBER. THE LiriTs AND RANGE
OF LIMI1TS CAN Bt TIWFFERENT FOR
“ACH S?Ecnss\.

WHILE CrANGES IN  WATER QuALITY CAN CeK -
“FAINLY HAVE DRAMATIL geFECTS AN THE HEALTH AND
SURVIVABILTY QF A FISK, WE SHouLy RedLize
THAT THERE ARE A HasST of aTHER ASPECTS
OF WATeR QUALITY THAT CAN DIRECTLY OR INDIRECTLY

CAUSE  MATOR CHANGES IN A  FISHERY,
49



For ExameLe | OYSTERS ANMD OTHER SHEW - %
BuiLDiNnG AmimAaLs MAY REQUIRE ‘SuPEIR.’ @
AMOUNTS OF CERTAINM mineRALS . LWhTHowr
THESE THEY CAN'T BuILd " SHELL ADE GQUATE
ENOWor- Ta PROTECT "THEM SELVES OR MAKE A SHELL
asT ENOUGr = TCQ KEEP uP THEIL NORMAL GROWTH.
Ln-feu( (dub RIGHTLY So) THERE HAS GEEN WK
LOT of EMPHA SIS oM STUDYING MND MONITORING
(STUDYING FOR A LOMG PERIOD OF TIME) -THE
AMOUNMT AMD EFFGRCTS THAT VARIOUS MUumaay  INTRO -
PUCED SUBSTANCES SucH AS PESTICQIDES, FERTILIZERS,
RMD INDUSTRIAL AND COmmumITY (WASTES wmMAY HAVE
oM AQUATIC ORGANISMS, LF -THESE SUBSTAMCES ARE
ADDED ~TB THE WATER AT Low LEVELS oveR M LoNG
PERIOD OFfF -TIME AND BReAp ARER WE WowiLD PROBABLY
SEE YERY LAVTTLE. wWARM FUL BFFECT ON OQuf PRISHERIES
FROM THEM. | HE ORGANISMS wowLD PRoBABLY BGE
ABLE To MADFY TTHEIR N TERNAL FUNCTIOMN ING
CAPRBILVTICS (?HYS!O&.O&Y) OR PMAKE CTHER SuUBTLE
ADIUSTMENMTS TQ “THER LifE ZXTYLE AND SUuRv,vVE THE
SITUATION QUATE WELL., THE PROBLEM ARISES WHEN
THESE SUBSTANCES TBECamE CONCENTRATED IN  THE
WRTERL ©R M THE TISSUEs (Booy PRRTS) OF THE FiSH

AND ATrAINM LEVELS ot P BEGIN TO CHAUSE STRESS.

50



501&. SPECIES CAN FEEL -TWHE EFFELTS oOF
STRESS mMORE €AY  THAN OTHERS. Orten  THESE
MORE EASILY STRESSED O SUSCEPTIBLE ORGAMNIMS
ARE WATCHED MoRE CLOSELY BY FiISHE®RIES
SCieEM TISTS AS TwheY canN SERVE AS INDICATORS
O0F POTENTIAL STRESS To THE REMAINDER OF THE
COMMUNNTY . “THeseE  SPECIES ARE REFERRED TOo AS

INDICATOR SPECIES S EACH  SPECIES SERVING AS AN

t Fl
1IN D ATOR of STRESS FROM ONE OR MORE

ENVIRONMENTAL HAZ ARDS ar COMDITIONS,

CHecK PoOINT

INDICATOR SPECIES
MNAT ALLOWED
WMEYOND GATE

S 77! e

OVERALL EVERY SPECIES wAsS TS OwMN  VERY

SPECIaL SET OFf LA™MNTS FoOR E©ACLH WMSPELT oF (WATER

QURLATY (&Emsmﬁsﬂ THE CONCEFTT ©OF NlLHE]). THE&E 'S,

HOWEVER | ANATHER i PeRTANT ASPECT OFf HARTAT
*

ESPECIALLY SV\GMy FICANT “To ORGAMISMS THAT Live

N ASSOCIATION witH THE Bortom (DemegsiaL Areus).

SPECIES ASSOCIATED wWiTH Twe BeTToOm HRE CALLED DE’"‘ﬁ'g‘:ﬁues
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Suﬁs'rﬂm'ﬁ O/  BaoTTOoMm TVYPR IS  ANQTHER
FEATURE ©F THE TPHYSICAL ENVIRONMENT WHICK CAN
GCREATLY IN FLLENCE, NOT amnNLY TVEMERIAL, SPECIES

BuT BENTHIC (THOSE THAT LIVE DiRECTLY ON THE

BOTTom) SPECIES AS weLk . BenmtTHIL SPECIES cnanN
IMCLUDE  ORGANISMS THAT ARE SEDENTARY (RELUCTANT
To ™MOVE) oR  SESSILE (ATTACHED TO THE SURSTRATE
AND uNAGLE TR MQVE)]N NARTURE, Tus-r RS THERE
ARE LimyTS TO -THA WATER QuAaLyTtYy H SPEC)1FS QAN
'TQL.eﬂ.ﬁ‘\'EJ T™H E RE ARE LiMmaTsS T& THE KiNnD OF
BOTTOM - eR SuBsTEATE A SPECI\ES CAN "TQLERATE,
WHENM “THE  PREFERRED SUBSTRATE IS .No LONGER
AVAILABLE @R 18 CHANGED ( PERHAPS DUE To CHANGES
IN  (IRTER  CURRENTS Of.  SEDIMENT RUMOFF) "THE
LIFE  STYLE OF A SPECIES CAMN  BE TDISRUPTED To
THE 7POINT  WHMERE 1T S  SURwivAL mAY BF AFFECTED,
Foe EXAMPLE , 1F THE SUSBSTRATE 1M AN AREA

CHAN GES FROmM FINE SAND TO COARSE GRAVEL THEN
A SHRIMmP SPECIES MAY BE INHIZ)ITED FROm BSURROW -
ING TG Avaip PREGATORS. T ANQTHER ExOmPLE
R CHANGE FROM AN MARD SUBSTRATE TQ A4 SOoFTER

ONE LOULD KEEP WM OYSTER | naRVA fkom RBEING

ABLE TO SET wP A SPAT, @
SAMET)MES -THERE 1S .r
TLE

JUusT NOWKWERE To SET

S



MATE& QuUALLTY AND  SUBSTRATE HRE THEN
OBVIOWSLY IMPORTANT TFEATURES AF THE ENVIRONMENT
WHICH CAM INFLUWENCE B  SPECIES ' PRESEMCE AND
RBUNDANCE . (JE sHouLp AL BE AWARE , WAWEVER,
THART GATHERING TDATA ON -THESE FEATURESJ IN ONE
ARER, AT ONE POt T IN TIME, 1S NOT GWnG TO
BE ENOUGH VF weé ARE GOING To HEeL? qur
FISHERIES , Warter Qumiaity AND SUBSTRATE CAN
VARY COMSIDERABLY FROm PLACE 10 PLACE At EvEN
LY O MNE PLACE BEVERY YEAR. O EVEN EVERY MONTH,
EXTREMELY STRONG STORMS CAM  CAUSE HNIGH ENERGY
WAVES  AND CURRENTS To Mix, CHURN  AND IN-
EVITABLY ALTER THE Locnl. COMDITIONS ., LlKEwpss.,
SEASONK L CrHANGES SuceH AsS RAVNWFALL AND (WINDS
CAM AFFECT RUNQFfF AND CURRENMT PRITERNS

ESPECT\ALLYNY ALONG COARST ML AREAS

MAY RE T WwAS




&OC.AL. WERTHER CONDITIONS ARE AN IMPORTANT
FRCTOR, AS (WELL AS CLWMHTIC CONTITIONS wHICH A/RE
ESSEM T IALLY LOMG TEAM WEATHER CONDITIONS, Heawvy
RAtN FALL FOR SEVERAL MINTHS FOLLOWED BY woT DRY
PERIODS, Y P THEY Qoccu ik CONSISTENTLY OQVER MANY
YE#&S, Wikl HAVE ” DEFINITE 1MPACT AN THE
ECOSYSTEM BEING SWBTECVED O TH1S 'wE»THER'
AND COM SEQUENTLY INFLUENCE THE HAB'TATS wrrm;q
THE ECOSYSTEM,

(SemeraLLY , CLIMATIC EFFECTS ARE CONMSISTENT
ENOUWG H £$Q “THATrT THE IHOAWAIDUMAL S wWiTHIN THE  Bwo-
LOGI1CAL COMMUNITTIES IN THRE HABITATS ADSuST To
THESE LONMG TERM (WEATHER AR CLIMATIC CONDITIONS,
CHANGES 1M CLIMABTE USuMLLY OCcu R SLOWLY ENOUGH
SO THATYT CHANGES 1N "THE | COMMUNITY ©OQCUYR oMLY
GRADUALLY RS weErL. (WE SsHouln RE HurRE , HoOwEVER,
THAT CLIMATES ARE FKLwAYS IN A STATE oF SLow CHANGE.
KnowinG TwiS ALONE ™MAY LET LS MPPRECIATE THE
factT THAT SOME CHANGES IN O SUR TFISHERIES MAY BE
DUE  To LONG, stow (ALMOST UN OBSERVABLE)
CHANGES IN CLIMATIC CONDITIONS,

(Jea1HER CONDITIONS QAN HAVE B TDIRECT AND SEVERE
IMPACT ON B FISHERY., Tak ExAMPLE, UNSEASONABLY COLD
GIEATHER CAM QOFTEN Xitt AQuATIC QRGANISME tF THE

WATER TEMPERATURE DRoOPS Tao TRAPIDVY,
5%



ﬁLoNG WiTH  WERTHER AND CLimAaTIC  EFFECTS
ON WATER AMD BaTTOM CONDITIONS, lM.SomE »'H‘&E.‘ISJ
TIDES CAM  HAVE TwE DOMIN RNT IN FLUWUENCE . T!DES
ARE BASICALLY CAUWSED 8Y THE GRAVITATIONAL
PYuLL OF THE Moo N ON THE TFARTH, Twe REASON
TIDES ARE IMPORT ANT 1S THAT WHEM THE TIDE
CHANGES, SO DOES THE SEA LEVEL HEIGHT, THis
IN \TSELF MAY NOT  SEEM ITMPORTANT BUT™ WREMEMBER

ANY -TIME -THE SEA LEVEL CHANGES WATER FLOWS,

-

WHEN wWATER FLows, ROTTaOm B D SURFRACE CuURENTS

mAY  DEvVELaP. TT'sS AlLL  RELATED TO THE MUOAN'S
PHAsE )
FIRST LAST
NEW QUARTER QUARTER, FUALL
(HIGHES T™TIDES) (Lo«;es'f’ 'rmes) (PG ER TI0ES)

A DAGRAM OF THE OVERALL TECOSYSTEM , EMPHAS) 2~
ING THE ¥FARCTOERS WHIC MOST QOFTEM INFLUENCE THE
HABITAT 15 SHOWM IM  FIGURE K, Ovecpue Twere 1S
A4  ECOSYSTEM AFFEcTED BY CLmeTE ., WhaTER coniTIONS
AMD SURSTRATE 1MTECACT TO HELP DETERMINE THE “TYPE
AND COMDITION OF THE HABITATS,

Ty's AlLL YERY SIimPLE AND VYET VERY CamPLEx

AT -THE SAME “TIme,

5€
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igu WATER AS wel AS oN LAND | PLANTS (BeTT2R

KNGwH TO SCENTISTS  AS Paimary ?gubucgg._s) A RE

RESPONSIBLE fOR COMVERTING LIGHT ENGRGY FRam

THRE SUN  ALONG Wi Tr SOME BASIC CHEMICAL C.OM?‘QUNDSJ

ELEmEnTS , AND mineRALS (Sucw AS  WATER, CARSON DIOKIDE,

NATRATES, AND PHOSPHATES) (1NTO ™MORE PLANT MATERAL.
Thn oTwHEm woRkds — PLANTS  GET THEIL ENERGY FRaw

THE Sun  AND  ComBNE T WwiTH  OTHER MATERALI
To mAxE MORE OF THEMSELVES (Twe PROCESS USEO

B8Y PLANTS To GET THEIR ENERGY ERaMm THE SUMN 5

CALLED PHMOTOSYNTHES)S A™MD ORGAMISMS THAT Do

NOT EAT OTWER ORGAMISMS TO ORTAIM ENBRGY (Lt\(a

PLANTS ) ARE CALLED ﬁu-ro-rm'ms),

N,
S~ E’ THE VAST MATORVTX OF
- :; PLANTS N THE WATER ARE
ﬁLMdS‘\" WILCRQ SCOPC AmMS

_._/

{ FLOAT FREELY, WSuwAaLLyY AT
ok, MEAR THE SURFACE. TTHESE
PLANTS ARE mMasTLY SINGLE
CELWVED ALGAE AND RARE g€ -
#
FERRED Ta AS PHYTO PLANXTON

( PHNTO = BECAUSE “TWEY ARE PLANTS AMS  PLANKTON -

BECAWSE THEY ARE NaT ATTACHED Ta ANYTHING

AnD ARRE SmALu).
Y



@HYTOPLQNKTOM SERVE TWwo MAJOR ROLES 1IN

AQUATIC. HASITATSS THEY PRODUCE OXYGEN (Necessary

FOR ALMOST ALl AMimaL LIFE)S AND THEY SERvE AS

A4 soukce OF ENERGY (FOoD)) FoR  SmALL FREE Swimmng

ANy MALS CALLED Z00PLANKTON (zoa- Foe nmmm..s) AND

SOma LARGER ANMIMALS CAPABLE OF FEEDING OMN THEM

SucH AS  SHRIMP , ANCHKOVIES , THE LARVARE (tiny Youned

OF ALMOST AuyY MARINE ANIMAL ArD JoF COuURSE,

CL‘MSn ¢ . *
. MHERE comes
LuncH

“THEe ORGANIEMS CAPASBLE OF FEEDING ON

PLanwTon (BoTnm PHYTG- AND 200PLANKTAN) RRE

FILTER FEEDERS. (WHILE “TREY INCLUDE THE VARIETY

OF AMIMALS LISTED ﬂﬁOvEJ SamETIMES CILTERL FEEDERS

CAN BE LALGE BEASTS LIKE -THE TSBASKING smm.&‘
OBviouslLYy SOMETHING ERATS -ThE FLTER FEEDERS,
THESE @ARE uUSanclY SmaLL PREDATORS (4L1'HouGH THE

GREAT WHALES , WHICH FEED ON  smaLL SHRIMP- LAKE

CREATURES CALLED KRILL RARS AMaNG THE suc.w-rmns),

“THE SmALLER PREDATORS  SucCr A3 SmALL INDIVIOUALS
Qf SOmE SPECIES AND ADULTS ©F OTHERS CaAN, 1IN
TN, BE FED UPON BY “THE LARGER PREDATARS,

£t



Mumnus OCCUPY A RATHER UNIQRE POSITION IN
THIS PREDATORY PATWWAY ((BETTER KMOWN AS THE FOOD

CHAN o FQOD wEB). Flumnus TEMD TC CONMSUME
————— b

AGLATIC ORGANIEMS AT EveERy LEVEL . WE EaT A wosT
OF LARGE PREDATORS SuckH A4S TuNA, SHARMS, AND
G ROUPER, | A VARIVETY OF SMALLE L PREDATARS SucH
AS HERRING, CRABS, AND 3SQuiD,; AND A ANUMBER

OF DIf FERENT FILTER FEEDERS Suck AS SHEIMP
OYSTERS , ANCHOVIES , AND CLAMS, g
TRHERE HAVE Evén BEEN SOME ATTEMPTS &
TA TAP THE FOOD CHAIN Lo& THE FOOD wiﬁ) R’RYT THE
PRIMARY TRADUCER LEVEL BY CoLLEC TIMNG PLANKTON

TREATING T AND PUTTING T 1M OTHER FOODS

'
AS A PRATEIM  ADDIT\WE AR SUPPLE MENT,
TH)S EMTIRE NETWORYX OF A LARGE NUMBER OF

ORGANM I1SMS IN R HAGYTAT 1 CALLED AR COMMUNYTY,

Facw SPECIES (N THE COMMOUNMITY  WITHIN THE HABITAT
FORMS A UN'T CALLED A PoPuLATion (AS WE wiLL
SEE LATER A WORD FOR THE CATCHABLE PoRTION OF

A POPULWTION IN A FISHERY 1S A STocK),

Pﬂ-!bn-rlf_r:s OCCURS W ATHIN THIS NETwWORK WHEN

ONE ORG AMIS™ €ATS ANQTHER. . COMPE.'Fl TIOM FOoR
FOOD OCCURS WHEN TWO O mMORE ORGANISMS TRY

ToO EnT THE SAME FQoD,

¥ SEE FIGURE G ToRk A DIAGRAM 0oF © FoaD WER,
£9
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?He uque BcosYSTEM 13 TusT AS  SIMPLE AwD,
'N SOME  WAYS, TuST AS COMPLICATED AS YO CAN
IMAGINE | Uube&sfnnmua- THE BASK FLOW OF ENERGY
INTO THE SYsSTem THROWGH THE VARIOKS ORGAMISMS,
AND (Fﬂom A CIASHER\ES POaT OF vmw) ENDING UWHTH
HUumans, 15 A QATHER  STRAVGWTFORWARD  CONCEPT,
WhaT gEALLY makes Tue  FisWekes BloLoeisTs' Life
DIFFICULT 18 THAT ALL THE VARIOUS COMPONENTS ofF
THE ?H‘(SICﬂL ENVIROMMEMNT AMD BIOLOGICAL COMMUAITY
ARE INTERRELATED AND DEPEND Om ONE  ANOTHER,
Fog EXAMPLE Ovsrers NEED A SUIVTABLE PLACE To
SETTLE (SUBSTRATE), A CERTAIN AMOUNT oF FOOD
(PLANKTONY , AND A  CERTAIN QUALTTY o©F WATER To
Live M (TeEmegrATURS, SALINGY | oxvGen 7).

MeEsmwrice THe oYsTeRs THEmsELVES | BY THeR VERY

-
PRESENMCE, CREATE A NEwW SuBsTrATE (OYSTER SHeLL)
WHICH | 1™ TURM MAY LEAD TaQ THE GATWHER\NG
oR  CoLoNniIZATION OF OYSTER. DBDED ASSOQATED
QRGANISMS , IN *rn-rn; .-rm.s WouLd BE CALLeD AN
OYSTER Communmry, ANOT’HER. EXAMPLE 1S Twe
CORAL REEF COMMUNMITY BuitT™ AROund CofAL OR-~
GAMISMS "THAT SECRETE R *MARD SUBSTRNCE THAT
Buieds UP  THE REEF STRUCTURE THAT EVEMNTUMALLY
ATT RACTS AN D MANTRING R (WHALE CoOmmumiTY JF

TS own.

6l



B\SQQVEQ\NG THE FACTORS WHICH CoMTARAOL OR
HAVE THE MOST SIGMI FICANT IMPACT ON B CommuniTY
1S IMPO RT ANT BAUT , AS Yoau waiGHT GﬂTHEQ..J 1T'S
EXTREMELY DIiFFICuLYT TOQO D»a. I‘T REQUIRES QBTAINING
YEARS  AmD YEARS of DATA (To Atlow FOR  VARIATION
DUE TO SEASONS AND WEATHER), FRam A NumBSER
OF OiFFERENY PLaces ( To AccoumT FOR LOCAL
EFFECTS)) ONM  M™MAawy ENVtRONmﬁNTnL fEaTuRES ((So we
WaNnN'T Miss autT oM ANY ASPECT S THAT WE INAD -
VERTEMTLY THOUGHT WERE unNimporTanT). Onee we
HAVE =& ’ HANMDLE"  ON THESE FEATURES IT IS THEN
POSSIBLE TO  ANSWER A QMWOLE SERIES OF QUESTIANS
RELATED 0 THG STATUS OF OuR FISHERIES AND

To GO ASour MAINTAINING OR IMPROVING THEM,

REMEM‘%‘(—:&: ﬂl_t- THE Fﬁcfo&s, Fsﬁfue.es)
ANO OrRGArsMS ARe TrrermberernoenT|

wuewl THEsSE  LasT

. Few PAG-ES WAVE
Seen Heavy Dutyl

ez



h)HY WE NEED TO KNOW Hm.) OLD THEY ARE,
How FAST THEY GROW, awo

WHAT KINO O0F SHAPE THEY

ARKRT 1M

?HE. ANSWERS TO0 -THESE QUESTIONS CouLd BE

VERY COMPLICATED OR VERY SIMmAL. LeT’'s TRy Slmﬂ.il

REmemBER wWRY BACK i1n THE TMTRODUCTION WHEN

WE TRALKED RBOWT THE GOALS AMD OBJIECTIVES oOf

FisHeRigs Mﬂnncse.ms»rr? One of our OBIYECTIWES
&«

, <
WAS TO PROVIDE “THE gest’ POSSIBLE

n
PERIENCE FOR €VERYONE. Many

FISHING Ex-

QF US wIhWGHT THINK

OF BEST IN TERMS OF HAVING MORE FISH QR THE

LARRGEST Fis OR

EVEN HAVING moﬁE’LARGE& Fi1Sw,

TF THESE WRE INDEED WHRT WE WMEAN BY THE woRD

CREST’ THEN WE'RE GOING TO HAVE TO KNOW ABouT

GRowTH , AGE AND ConDiTiOM,
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@RGRN‘SMS TAKE i1nm FOOD AND THEN WSE SOME
OF THE ENIRGY N THE Foob FoR § (D GRowiING
@ MAKING EGGS of 3PERM FOR REPRODUCTION ; AND
® Keerineg THEMSELVES Auve ( SomE OF THE ENERGY
IM THE FOOD 1S WASTED AND GiwENM oOFF AS HEAT
OR  ELIMINATED BY WAY oF FECES). TTHE FASTER THE
GROWTH, THE SOONRR WE GET LARGEE FisH. Alsa
THE FASTER THEIR GROWTH, THE SOONER THEY GeT
LARGE ENCUGH TO REFPRODUCE AND PRODUCE MORE
FisH . To PUuTr T ANOTHER WYy , Wwe STUpY T HE
AGE, GROWTH , dND CONDITION  oFf FISH  IN ORDER TO
KNOW HoWw Ta INCREASE QR mMmainTAIM  THE  SI1ZE
AN-D/o& NUMBER OF 1MNOIWIDUALS |y —THE FISHERY.

ULT\mﬁTau() \E WE WNOW  THE AGE, GROWTH, AND
CON DITION OF THME SPECQIES WE ARE  CONCERNED WwiTH,
THEM WE wiiwe RE ABLE TG PREDICT THE BIOMASS
(WEIWGHT) THAT CcAn RE ExPECTED As  Yigwd (cwTerd
FROM -THE FISHERY. ALSS, 1f WE CAN \DENTIEY THE
FﬂC-'f‘oc.s RESPONSIBLE, WE MGEWT BE ABLE TO cCowmTROL
THEM 1M THE FaTuRE AND GET FASTER GRawTk AND
MORE FISH. THIS COuLd LEAD TO LRRGER CATCHES
IN WEIGHT PER NDIVIDUML FISH OR HIGHER CHTCKH
FOR. THE SAmE .qméuu-r' QF FISHING  EFFORT, Higwer
CARATLHES Ot YIELD PER EFFORT CREETAINLY CoulnD: BB
COMSIDERED A DESIRASBLE GonaL. of ANY TisweERY PLAN.

o+



@. How owo s 1w

THE AGE OF HMDwIDUAL  FISK 1N ¥ STOCK
Ok PoPuUuLBTION 1S AN AMPARTANT CHARACTER
RCCAUSE FRA™M THIS [NFORMATION THE TYPical ak
‘AVERAGE’ AGE OF THE STOLK MEMESRS CAM BE
peETeRPNED, ONCE TDETERMINED WE MIGHT  ExAnmiNg
THE STOCK FURTHER TO& NATE ANY CHANGES n
t s AGE ComPosiTioN, Foer EXAMPLE, LET'S SAv THE
AveraGE AGE OF THE  FISH 1N A STOCK WAS “THREE

YeEARs OLD BUT, OVER A FEW SEASONS, THE AVERAGE

AGE ©DROPS TO -TwaA. THisS WouLd BE IMPOLTANT TO
NOTE ESPECIBLLY \F  THE SPECIES 1S KNOWN TO
REPRODUCE ONLY AFTER 1T 18 THREE YEARS L,

Knowing  THE RGE OF A FISH ALSDO Gives
WS A STANDMARD REFERENMCE POINT FROM WHICH WE
CAM COMPARE POTENTIAL CHANGES 1N TS  LIFE wisTORY.
THus THE LEMgry ©oF TIME AN Bumdc  HAS GEEN
ALIVE, WHEN WUSED IN CONMTUNCTION WITH QOTHER DATA
Suc.H S LEMGTH OR WEIGHT, CAX -TELL UuS ABOUT
THE FITNESS OF THE ORGANISM, Twu AvoiTion, 2T
R OETEN POSS)BLE TO DETERMINE TS PRsT

GROWTH  HISTORY ream AGE INFORMATION.

6§



@ss-r, LET'S E€XAMINE HOW AGE 1S DETERMNED AND
THEN WE'LL LEARN HMAW TG USE -THIS AGE INFORMATION,

MosT AQUATIC ORGANMISMS GROW COMNMTINUOWSLY
(EXCEPT THE MARINE MAMMALS LIKE WHALES ~ SEALS),
By THIS WE wmeEaN THAT \F THEY COWLD LIVE
FOREVER THEY (WOuLD ATTAIN AN INFIN\TE s:zr:-'.‘J
Thelk GRowTH RATE ((MOW FAST -THEY GROW) IS IN-
FLUEMCE > BY FRCTORS Suce AS TemPegature (THey
MAY NOT EAT AS MUK WHEN T GETS CoLD), BEHAVIOR
(WriLE miGEATING  THEY witlL USE worte. ENERGY
SWIMmMING  AND LESS FOR GROWING),+ REPRADUCTIVE
CONDITION (IT TAKES ENERGY TO wmKe e6Gs). AlL
THesE FACTORS oOR  swtuations  (AND more) can
INFLUENCE A SPECIES’ RATE Of GROwTH, RBecause
FISH GROW COMTIM UOUSLY, THEY ARE CONSTAMTLY ADD~
ING  TO THER Body S126€. s A BODY  INCREMSES IN

W26 TRACES oOF TS GRAWTH WISTORY HRKE QFTEN

)
SEEN 1IN THE ~ HARD RBody PaARTS SUcH #BS SCALES,
BomES, SWELLS, OR OTHER STRUCTURES LIKE OTOLITHS

( FOuMD 1IN THE INNER TAR AREA OF BONY FlSH).

IM GENERAL— THE LAKGERZ THE AQuanc
nNsmn»L., THE CQLDER T WS,

PSS, — THECE ARE ALwavs ‘EXC.EPT!ONS!

b



MHEH GROWTH 1S FAST, A FISH QFTEN ADDS
DEPO S ITS OF BONE OR OTHER MATEMAL TO T8 BODY
FASTER THAN WHEN GROWTK s swtow, LT wHaro BoOY
PARTS IT'S POSSI1BLE TOC SEE PERMANENT EVIDENCE OF
iITS GROWTH HISTORY BY EXAMinING FOR  THICKER
ok -THiNNGEL ( DENSE oR LESS DENSE) TISSUE DEPOSITS,
“"THESE TDIFFERENCES (N  TISSUE TDEPOSITION CAN BE
SEEN AS RING'S OR BANDS SiMmiLKR.  TO THOSE SEEN
IN A CROSS-SECTION af A TReEE TRunK. BY COuUNT-
ING  THE RiINGS AND KNOWING (WwIAT Time O0oF THE
YERR AND HOW mMANY RINGS AfRE LAID DowM PER

YEAR WE CANM TELL TS AGE.

ScAlLE - 4 YEARS VERTEBRA - § YEARS
oLd oL

BY MEASURING THE RADIKS OF THE RINGS( DISTANCE
FROM —THE CEMTRAL POINT To EACH RING) WE CAN
CALCWLATE THE FISH'S SIZE AT A PREVIOUS AGE.
Once  WE  KNOW THE SIZES AT PREVIOWS RAGES WE CANM
DRTERMINE 1T 5 AATE OFf GROWTH (GROWTH RATE 1S TJusT
HOW muCH BIGGER A FiSH GETS WiTH TIME ) INCHES PER yg.u.).'

©7



{?\Gu&c 7, VLLUSTATES Twis RELATIONSP. T Twis
FIGURE THE GlanT, MAGMNFIED OTOLYTH WMAS THREE
RINGS OfR ®anDS. LET'S SuPPosé THAT FRam PREVIOUS
STWDIES wWe LEARNED TwAT A FI1SH WITH ONE RING
ON ITS OTOLVTH 1S ONE-YEAR o\ D, SchE TrS
OTOLITH HAS THREE RINGS, WE MIGHT CONCLUDE
THRAT 1T 1S wNow AT LEAST -THREE YEARS oup. UWe
SHouLD RE CRARE FUL WELE  BECAUSE SOMETIMES THERE
Aare ' ExTen ok 'FALSE RINGS DUE TO A CHANGE IN
Thi€ FISI—I'S EMVIRONMENT OR BE HAaviag | 'BY LOOWING
AT A LOT OF fisH 0OF MANY DIFFEREMT SI1ZES
WE CAN CONSTRUCT K GRAPH LIKE -THAT 1N Figurt?,
Fram —ThHiS GRAPH 1T 1S PoSSIBRLE To DETERMINE THE
AVEAAGE RATE OF GRawTH aF FiSm 1IN THE STXK,
JQLsoJ NOTICE THAT EVEN THOUGH A énSt-i GRows
cohtfinuouSLY, TS GROWTH RATE 1S WSUALLY GREAT-

ER. 1) 1T S EARLIER  YEARS.

TE A RING OR

B8AND 1S LAID DOWN AN ANNUA

ERcH MEAR THENM RING QR JusT

WHBT 3 1T anLEb?

)

ANNKLULS,

©8



™ e m an a

TOOY LENGTYH

ATOoLITH
AGe GROUPS
Ficure 7. Avecace <s128 of TFisH IN A
STALK AS DETERMINED BY LOOKING-

AT OTOLITHS,
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@. How ¢AsST DOES 1Y Gaow?

Qs WE HAVE ALREADY IMNDICATED |, GROWTH 1IN
AQUATIC ORGANIEMS 1S OFTEN QUITE VARIABLE, THis
YARIABILITY CAM BE AFFECTED BY W NUMBER of FACT-
ORS SUCwW AS THE ANIMBLS LIFE STAGE (LIIRVAL.)
JUVEMILE , Of ADULT), TS AGE, TS REPRADUCTIVE
ComMDITION AS WELL AS COMPETITION FOR FOOD OR
SPACE FROM CQOTHER 4NIM1H.SCEVEN Hummsz).

TVNANY ENVIROMNMEMTAL Fnc%o!s
ALE ALSO KMOWM TO HAVE
AN \N FLUENCE oM GROWTH
RATES. Fof EXAmMPLE, ANY
CHANMGE \w WATER QuanTy
CouLD CAUSE A CHANGE N
THE AVAILABILITY OF FOQD
O/ AFEECT A FISH'S ABILTY

TO EXTRALT ENERGY FROm

THE Foop (THIS 1S cALLED

META BOLISM -~ Tf ANYONE S=HOWLD ewvaeaw ASK!). ‘BY EXAM -

ININ G THE FACTORS WHICH INFLUENCE GROIWTM MATES
e CnanN ALSO FIGULE QLT whHAT CHAUSED OLD GRAOWTH
RATES (gem;maee. THAT PAST GROWTH RATES ARE OFTEM
RECORDED AN HARD BODY PARTS) AND PREOIT FUTuURE

GROWTMH RATES WS WeELL,

r{e



[Le-r's LERRN wmORE HMBOUT GROWTH RKATES HMAND
THEIR SIGMIFICANCE BY LookiNG AT Fioues 8, In
THIS  DIAGRAM  THE SIZES OF TKHE FISH REPRESENT TwE
TYPICAL OR AVERRGE LENGTH ©F FISH  wHEN THEY
ARE 1, 2, oR 3 VYEARS OLD, THERE RRE Two
GROUPS ©F FiSK  ALSO;, A SLOWEL GROWING GrouP
(R - asove), ano n vasteR  Groume Growr (B -8eow)
FisH I8 BOTH GROUPS  START auT AT THE SMmE
S12E  WHEN THEY nARE 1 YFAR OD, BuT ARTER A
COUPLE OF YEARS, WE NOTE THAT FISH IN GRouP_@
ARE SHARTER  THAWN *rHos.s M Grour B,

As FisHerry BioLoG1sTS, 1T MiGHT BE OUR THASK
Ta STupy -“THIS SiTuATION AND FIBURE QuT wWHAT
MIGHT HAVE CRUSED THIS TDIFFERENMCE IN GROWTH
RATES N THE Twa GRoufs, For EXAMPLE, UPSN

FURTHER STUDY WE MIGHT FTIND THAT THE FISH IN

GrouP B CAmE FRamM A STOLK  THAT LIivES IN

A SHRIMP GROUMND . 'Tl-hs CowuLDd MEAN MORE AvVAILMSLE
FQQD AMD MENCE A FASTER GRawTH RaATE, Livke~
WISE , THE SLOWER GROWING FiSH IN GrouP A coulo

HAVE come FRawm A STOLK  THAT WAS LOCATED

IN A POLLWTEDS BAY,

YO MEAN POLLWUTION
v CAM CRAUSIE STRESS
v AM D STRESS <n N

REZLLT 1IN SLOWER Gteuﬁu?

il




\ 2

AGge i~ YEaRS

Cieues 8. Twe GROUPY~ -THEY START OuT THE

SAME BuUT BECAUSE TWEIR GROWTH RATES DIFFER

THEY EMNO WP AS OIFFERENT  3SI12ES AT THE SAme AGC

72



C?He. MAIN POINT HERE 1S THAT DIFFERENCES
IN  TRE ENVIRONMENT couLp LEAD TO DIFFEREMCES
IN GROWTH RATES, IF WE ARE GAING TO MAXE
AN  ATTEMPT BT \WMPROVING OUR FISHERIES (W
NMEED TO KNQ W MOW THE ENVIRANMENT gAFEFELTS
GrawTH. MAlLso RY STUDYING OGROWTH, WE CWN

t
USE T AS A WAY ©OF ASSESSING -THE  HEALTH

aF THE STaouK .

LYY
B Ty Spam

; —R\ —ST/,SQ)

T JusT DON’
FEEL LIKE

EAT NG TOOLAY

{

13



@‘o Ts w 14 Gooo snape 7/

ONE. OF THE THINGS A FISHERY BiOLOGIST 13
INTERSSTED 1\~ IS THNE RELATIVE HEALTW, FITNESS,
OR CONDITIOM  OF THE ORGANISMS IN A FiSHEeRY,
(Je HAve KLREADY SEGN  SOME wHYS OF TUDGING
THIS BuT ANOTKERL WAY 1S To COMPARE THE LENGTH
AND WEIGHT OF A LARGE NUMBER oF TFisn  fFRom

A STocX.

DFEFICIAL POLICE
FiLe Bfrore

| Name: Cymosciont mESULOIUS i
1 ALwas: SPoTTED STw TROUT,
IPECKLED TROWY

HerowmT. 12 1N = 305 Miclimerers
WEIGwWT: 1 W 2 45y seAms

“THe GRAPH on ToP i Figuee 9. smows

WHRT A LENGTH V3., WEVGHT CoOMmMPARL SON MIGHT

LOOK LIVKE,

Isee Fioure 7
JTwas way PLEASE,

A




‘f l TS 1Sk wwusg ’
151, Yomd AnD -
~ werone® Ve ibs.
a 3 +
3
A O
~ 2t 1
- "
3 (
2 .
3 ’ - 1
|
I
)
e 10 1Y 20
LENGTH  (incyies)
Figuee 4. A GRAPH SHAWING THE POINTS
L OF THE LEMGETH AwWD QligwtT ofF 15 Fi3w,

AT  C1RST  GLANCE  Twng FI\GURt MIGHT (ONTFUSE
QNYONEJ S AN ﬁxPLnNATnoN IS 1M ORDPRR, Aue Tove
Downe 13 PLOT TwE LENGTH AND CORRESPONDING
WEAGHT  oF 1§ FISvl ON GEAPH PAPER., T WE
CUARVED LiINE WAS  DRbwmM — JUuSsT TG WMARE THE
GEMERAL. TRENMD QF THE DaT3 TASIER Ta FoLlow,
As vYou cawn JEE,  LONGER €IS TEND  TA WEIGH
MoRE THAN SHORTER FISH, O F CQURSE You

ALREADY KNEW THAT -~ = - BUuT -~“THERE'S ™MarRg -~ -~ .,

s




&9& CAN TELL A LOT ABowT THE FITNESS OR
COMDITION THAT ¥iSH ' A FISHERY ARE 1™v 8Y
(W-Tal NYVE BT THE SHAPE oF THE CuRve CREAT—
ED FROM LENGTH AND WEIGHT TDATA, 1o S€E€ Aw
ExAmMPLE oF “THAS LET'S Laaw AT  Tiguee 10,
Te GRAPH  10RA (p;ﬁave)) TRE FiSH CEPRESENTED BY
THE LEMGTH VS, WwWeEIWGHT Cueve TEND Ta BF mucH -
REAVIE L~ AT AR GivEM LENMGTH THAN THQSE
REPRESENMTED M GEAPHL Q8 (Bswaw)., MNaTe -THaT 4
20 - INGCH  FisH i~ GERaPN A WEIGHS ARcwT _3\\.3..
WHILE A 20-iNEH T SH N GEAPH B  WTIGmS

ASant | o Ibs .

WouLD YO RaTHER CHaTCH A 20—1NCH  FIs M

FROWM GRouf A or. Geaxr B ?

g

1D Prefen | Were , TwaAT w yw-

Q PHYTO PLANK TON SELF 195 WSEFUL BuT wE
’ THAMKS CAM OO MARE Wit T

THAM THAT 1€ WE WeERE

TO FOLLOW A  TFISHERY  Fof SEVERAL YEACS wE
MIGHT NOTICE  CUANGSES M THE  HEALTH (FrTmess
of CanoiTian) OF THE  SToLK mEmEEES  BY  COoOm-
PARING TWE LENGTW- WEIGKT BATA ((Twe svmee oF

THE CURVE , THaT 1S) FRam B FEwW YRaARS AGQ
76
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0
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s /e 15 20 258"

LengTH (ncwHES)

L/ .
©.

WeranT (PoundS)
N

”y

< 0 /5 20 25
LengTH (INCHES)

f\c-rue.e. \Q. “THESE GEAPHS Cwoew "THE LEMGTH VS,

WE'GWT RELATIONMSHY® BETWEE R TWg DIFFERENT GRau¥es,
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WTH ThmasE  of ToDAY. A CWANGE  Couns  mEAN
THAT THE ENVIGONMENTAL COMDIT IONS SURROUNDING-
THE  FISHERY MAY WAVE CHANGED, Tor SxAmePLE,
POLLUTION  LEVELS CouL v BE BETTEL OR WORSE oR
” COMPETINGr SPECIES MAY HAVE ™MmaveD INTQ THE
AREA, S\m- LReLY AN EXRMINATION OF LENGTW VS,
WEIGRT DATA mnavy G\wWE s " QuiCK WAy oF

PECIDING \F Qu. MANAGEMENT STRATEGY HAS

BEEM SUCCESSFUL.,




. Wuar Does \T EaT ?

'rms QUESTION IS AN \MPORTANT ONE FOR
AR FiSHERY BlOLOGIST TO ANSWER ALTHOWG K
INATHIALLY T mAY  SEEM RIDICK LQUS TO CARE
WHAT A  WHTE GRUNT o8& A TINK SHRIMP HAD
FAQR  DiNnNER, l T  vow erEcALL Oul PREVIOUS
Discussion ABOuwT A SPecies’  wNicwE  (Aenin —
THAT'S THE ROLE T PLAYS IN THE ENVIRONWENT)

THEN YOou' L ALSO RECALL THAT €EACHK SPeEcI1ES’

ROLE ag MICHE 15 UNIQUE ., QuiTe OFTen A
SPECIES 1S WNY QUE Y HAVI N G 1'TS  Qwnl
FEEDING STRATEGY, L OEMTIFYING  THIS FEEOING

STRATEGY 1S, IN TSELF, AN IMPARTANT REASON
FOR  STUDYING  FEEDING HABYWTS, Tacw SPecies
OCLCUPIES A PosiTion IN ThE ¥ood wes (ar
LINK 1M THE  €OOD CHAN F Yo PREFER).
EMERGY 1S CAPTURED BRAM THE SuN AND
TURNED AT O A PoteEnTinL. Foa D SQURCE @Y

?Rtmnﬁw ?Rnbucass‘.' (mmnur PRHYTO PLANKTAON VN

AN AQUATIC t—:cosvt'rsm) W HAC ARE  TWEN
COM SUME O BY HERRBIVORES ( PeanT EnT 2RS)
WHIC A%E THE M CONSUMED By Armimw L.

ERTERS (  CARNIVORES ),
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TAAMS FER- aQF ENERGY THEZAWK G THE fFooD WwWeS,

[ @Ll— THrS COMNSLU MIimNG RESULTS N B

KNath & aw

R WIWEN AMD AT WHAT RATE THIS
TRANSFER TAKES PLACSE Wik L LET WS ACCUeATELY
DRETERFrINE EACY -s?fc_\es' PQSVTIO IN TRIS
GREAT SCHEME OF TrMINGS., A'bb\—rmum..t.\() we
CAM IDEMNT) FY THE Souece QF PRoBLEMS \F THE
FQOD wER 1S TDISRUPTED T THE PainT WHERE

wE NOTICE AT QuE TFIS HER WS ARE AFFECTED,

F V3T, LET ‘S BRIEFLY

HEY,‘
SOME BODY EXAMINGE HOW THE Foad

“ARTS oF A SPECL\ES

Ate PTETERMINMED AnD

THEM (W] SEG WMOW WE (AN

“TH S INFOE M TION

Q. Ho-u VO YO DPETERMINE OO HABT S?

A. (el §1RST YOu HAVE -Ta CATCM
SOQmME aF -THE 1S WHOSE F0Oob

HAaR TS vy Wit T STawnvy.

_ LEAVE 17T 1@ RmiMm
ﬂ) TO (OWME WP WITH

80




5‘“"\? LiNG - OR THE COLLECT 1OM OF SPECI\™IENS

Fae FOOD MABI'T STUDES 1S I MPORTANT O/R AR

COWUPLE ofF GOOD REASONDS, Euss'rj 1T’S NEBLESSARY

TQ HAVE LARGE NUMBERS (SRY AT LEAST THIQTY)
OF INOIVIDUARLS of SPECIMENS OF EACH SPECIES

OR GROWP iM THE FISHERY ﬂ.'s You m™MIiGwT Gﬁ-ruc&.,
NaT ALL IMNOWIDUALS TAT EXACTLY THE SAME

THIN G AL L THE TiME ( JIURST LIME Hu‘mnm‘SIB.

BY LOOWING AT THRE Faod

HABITS oF \-O0TS QF N -

DywitunLs WE CAN  GET
PI12ZA'S GREAT BuT WO

EATS T BveEmRY DAY 2 AN IDEA  OF THE wvaARIA—

Tram N O THE Trey,

SEc.c:ND THE SYECIMENS SHWAULD LOome FRQM
—————, )

EACH OF THE AGE AND SEx GEauUPI . Twis

'S BECRAWSE “THERE ARE QFTEMN TI\FFERENCES
BETWEEM TUuvEMILES AND ROULTS , QR mmLES
A D FEmﬂLESJ PN THE 1R FagaD =  WAQ,TSs. ALsu
THERE mAayY EVEMN RE DIFFERENCE S 1™ A
9PECIeEs’ FOOD  WHWARITS RECAUSE QF LOLAL
PTIFFERENCES I~ HARYTAT (Hnaw»ﬂ"' vARIATIONY),
AtowionattY | WE  SuouL D  KNOW  ABAUT  SEASONML
TAFFEREMCES ok SwueTs v DieT. Moreovee,; 1F
WE  REALLY  wAm™MT TG KNow WHAT'S GQING OGN
Y VR Y Sfecies’ FEEOING STRATEGY WE Wawuld

g1



EVEN  EXAaming A SPECiIEY’ Fo00D HAW TS Over, A

PATRRNTLIVY § PER\OP -TQ FIND LT v T Ti\WE a
DAY \T FEDS., ( TV s s ESPEC A LLY iYmPaRTANMT
TO TSETELMmINE BCT \waTN PATTER NS N SPECIES

ASSCC 1M/ TED w AT HOOW ~manD~ LiNnE oR TRAP

FI1S™ME R ES.)

Once  we  wave  TWe  SPEC mEnS CAPTURED,
THE sTomachHs (OR AT LEAST THEIR ConTENTS)

MUST BE QuiewLy REMAvED AND PRE SERVED Ny

2

FORMWMRL DE HYDE . SPEED 13 ESSENTIAL BECAUSE

A  SOLUTION QaF RALCOKOL oR ( PREFERABLY)

DIGESTION COMTIMNWUES BEvEn AFTER A FISH 1S
CAUGHT {EvEM T 1T HAS BEENM PuT aGN 1CE  of
pgozcul) ANMD 1F YQw PDamn' T FlURRY, THE STomucr
CONMTENTS WiLLe  BE TVI\GESTED REVaAND RECOGMITIaN,
TN OTHER WARDS —~ THEY Wik BE A SoufY musw!
THE QUAKEL THE STAmMUCHS ARE PRESERVED THE

BETTE®
3z



ibENTmYlNG—, COUNTING, ANDC WEAGHING THE

Food \TEMS For SOME SPECI1ES 1S EASIER  THAN T
IS  FOR oTHERS, Some seecies (uiwe mMurieT)
GRIND "THEIR fTood IN THEIR STQMRMCLH S TO TWHE

PO\NT THAT ALL THAT'S REMA\NING 13 A
PULVERIZED WESS. Orvier sfECIES ARE  moRre
COOPERATI\VE AND SWHALLOW THER Foaad wrare (Lixs
’T‘uun) TwHWS MAKI NG lbaﬂftcucﬂfnon OF THeEIR
FQOD ' TEMS A SNAP,

Arree VOEMTIEY ING  THE STOMACH CONMTENTS
WE wWouLO THEN PRocEreD TO DETERMINE WOW MANY
FISH 'N Oud SAMPLE ATE THE FOGD II'TEM.. TH\Q LR
OF INFORMRATION \S USuULL Y REPORTED RS A

PER CENT OF THE  SAMPLPE BND 15 CALLED PERCENT
___H

OccumAsrce, A PERCENT OCcufRENCE  VALUE OF 107,
FOR BXAMPLE, MEANS THAT -THE FQQOO 'TEm WE'RE
RE CEREANG TO OCLURLED IN Iol?n QF THE IPeCymens
i~ O SAMPLE,

We meHT ALSG DETEKMINE HOW MANY OFf
THE FOOD 1\TEMS OLcure IN A TYPICAL FISK N QUR
sAMPLE., THIS s CHL.ED FREQuUENnCY, LT s ALso
OFTEN REPORTED AS A PERCENT. Fa® EXAMPLE,
\F  THE PERCENT FREQUEMNCY Qe CRABS IN A
FisH WS z.::?a, WE  Wowld SAY, THAT GOF THE TomaL

1 TEMS ?RESEN’T) 20?2 weErRe CEASS,

83



&Lso WE  WOWULD WARANT TO  WAVE SQME I1DEA
AS TO THE IMPART ANLE EACH | fQQp TYPE SERVES
IN  THE seec.\ss" TaTAL DieT BY VTS WEIAGHT
(ok VvoLuwme), TEacr  Foap ITEM 1S WEIGWED AND
THE PERCENTAGE oF THE WEIGHT QF THE ENTIRE

STOMMCH  COMTEMTS IS CALCULATED, A pPrecewT
PART'\CULAR

WEIGHT OF 2S7, meanNS “+WAT  TNE

Faabdb ITEM WE HARE THL K ING AGauT mMmAKES WP
2§/, OF THE TaTAL DIET BY WEGHT
WiTw THESE THREE PIEQCRES QF  INFORp ATIgN

C‘.L. PERCENT OLLWUERENCE |, 2. PERCENT FREQUENCY,

AND S, PeeceEmT we‘q.-u-r‘) TAWENM FRAOM™M THE VAR i Qus

“GEE AND SEX GEouPS AND TIFFEREMT SEASaNS,
I, CAM GET A PRETTY &G-QQD \OEA AS TGO THE
S\GMAFICANCE TEAcw FoQ UL YT E A HAS AN THE

LI\FEe AMD FERD ING MICWA aF THE SPECI\ES

COMPRISING Quk TISHER €S |

Q. WHaT cAx ImFORMATION oM n sPECIES’
FEET 1ING- HABYTS YTELL wusS AND HOW
CAM WE WUSE “THLaS |~F0Rmn1"mn?

THE ANSWER win  RPPEAR.  BEFoORE YauR \gly

EYES Qr TWME MEXT FEW PAGES - -
™



B CBDHER.E. 1S ACTUALLY QuiaTE A LOT  THAT
WE CAN LEAEN FROM FEEDING STUDIES OR  STOMMCH
ANALYSES'.' ﬂs STATED ALREADY, A SPeEc16s” "l-"l.nc.E”
IN THE FOOD WEB CAN BE DETERMINED. TH1s PLACE
OR POSITION CAN BE DESCRIRED BASED ON THE
RELATIVE IMPORTANCE Oof A FEW Of ALt OF THE

FOOD ITEMS IN THE DIST. FISHERIES BOLOGISTS &
EcolaFISTS HAVE DEVELOPED A VARIETY QF TERMS
TO  DESCRISE o CHARACTER 128 R 'S.Pf.'c.uss' FEEOING
HABITS ESPECuALLY As U PERTAIME TWQ (TS ySuUAL
FEEDING STRATEGY o

PLAMKTIVOIZE - PRwwmagiLY EATS PHYm - AnD

200 PLAKKTON . EXAMPLES — SHRIMP, ANCHOVIES,

OYITERS, CLAwmMS, AND  BASKING SHAEKS,

HeRBIVaRE — €ATS  PLanTs  (USuBLLY THASE
RITRCHED Tao ~THE BOTTAM), EXAmPLEs —
SamE CRA8BS, PARRST FiSH, AND Geeen

SER TuRTLIS,

CHKN\VO&E__ -~ EATS AMwmABLS (QTHE& THAN
200 PLANKTON), EXAMPAES ~ BLUE CKASBS,

QLCTOPK 5, GRoUPER, 3 AND OF COURIE -- - -

3S



T OTraw T'vE
A SaD REF

plSC\VORf_ - TTYS 13- A MEAT TATER

THAT TENDS To €AT ONLWY FISH, ExameLEs —

TUNﬂ, BRARRACLDOR ETC.

DeETRITIVORE - —Twugv

AT TDETRITUS WwriCH S

" NICE WORD FOR: DeEad PARTS OF PLANTS,

PARTIALLY DECOMPOSED PLANT MaAaTERIAL "AND

SOom™mE DEAD ANy mARTTE 2, (beu\c\nusl)

EXAm PLES ~ SOomeE CRUSTARACEANS AND MuULLET,

OMM‘VORE. - E€ATS A LATTLE BT QF EVERY -~

THING (REMINDS wME QF B FRI\END

QF PAANE \') ERAMILES ~ PineisrH  AMD

SQM™ME CRUS T ACEANS |

WE MmieHY ALS BE ABLE TO CLASS:iFY OR

DESCRIGE v QuAaTIC. ORGWMMNISIMS

VAR T oF

RCCTROING TGO THE

1 TEMS “THEY EAT,

.~



GE.“E&QL\S‘T' - TENMDS TO €EaAT A wWIDE
VARIETY OF TIWFFERENT TFOQD VWEMS .,
o
DPECIALIST — THEN Ake VERY SELECTIVE

AMD 1-L-ha oOnLY A CERTAWM TYPE QF

FooD . T PREFER. OmLY

THE LATTLE

. .1?-" ! \Greey ownss! %
. ‘.'.\.-: vt _ ‘

LJE. COWLD ALSA FIinD T O USERULL TO 1DENTIFY

THE WAy N WHIC AN QREANIEM EATS,

FiLte fFeEEDERS STRANM OR " SHeT” Twe
WRTER, FOR, FOOD 1TEMS , F\LTEK.. FEEDERS CAW  RBE
AS LARGE A%  THRC GREAT BLWE wWHALE AMND Ras K ING
SHARKS OR AsS SmALL As SHRIMP And BARNACLLS,
“THEY cAN BE PASS\WE FILTER TEEOERS SucH NS
OYSTERS AND JUST  SIT THERE AND LET THE wiatelR
FLOW O BY (=14 THIEY CAn BE AcCTWE AND mMoveE

THROUGK THE WwWRTER., LIKE ANCWOVIES,

FILTE®RZ. <(EEDING ULSURL LY INVALVES A SPECIAL

FILTER STRULTURE LiXKE BahaLge~N (N wHMLES) Qr A FINE

COMB-LIKE STRUCTURE (THE G\l RAKSES IN AN ANCHOVY)

g7




P\CKG&S ‘ARE SPECIES WHICH ARE  UQUALLY
AS3CCIATED T A SuBSTRATE LAwE A GEEFR o

A GRASSBED., | HEIR FEECING TWEWAVIOR  1NvOLVES

DART INCGT OuT FROM COVER AND  PlkaNG" AT

Sman FQOD '\ TEMS THAT nes E1THE®R IN THE WATER
OR CLOSE 'TO THE SUBSTARTE . Twe FOOD ITEMS THS
GROUP FECDS on OFTEN ConNEIST OF €665, LARVAE,
A JUVENMILES oF oTHMHER sSPecies AND ALSO SmaLL
CRUST ACEANS Suc As AmMPH! PODS RND CQPEPODS.,

NEITHER OF us
M . \ \S WUWSUALLY

LARGER THANM
AND SWE'S ANM
AMPRH) PQ D,

hONG.

GKﬂZEKS TEMD TG B\TE ofF PIRECES ©OF
CORAL , SPONGE, GRASSES, OR OTHER PLANTS. DOME TIMES
THEY ARE FEEQCING OMN . THE PrEce VTSELF, BUT QFTEN
THEY ARE REALLY AFTER.  THE SPMuL. ORGANISMS THAT
L vE on THE CORAL , SPONGE , QR PLANT. ExAmMPLES
OF GRATERS ARE PAREAT  FISH. SEA  uReHINS  ARE
RLS0 GERAZERS,

('I FORGOT TG MENTION 1T AROVE BuT  ExAMPLES QF

PiewERS ARE DAMSEBL FISH, cngomm...ﬁSH, AND wﬂ.nsses.)
%



@F COURSE THERE \S  THE GENERAL CATE -
CroRY OF Pqemrro&. Pre oaTaLs ARE ADAPTED
FOR CATING OTHER ANIVALS BauT WHAT THEY FEED
OMN (-1 OFTEN " FUNCT 1O oF THEIR SIZ.EJ

JAW STRUCTURE, AMND ATTACK STRATEGY. Snma

7
PREDATORS HAVE POWERFUL CRUSHING  STRULTKEES
TraT 14 PRESEMNT EITHE & ASs JAWS o CLAJS .
Stiue RAYS , FOR EXAMPLE, HAVE LARGE FLAT

TEETH ESPECIALLY DESIGNED Far CRUSHIN G HALD

SHE LL MALLWASWS, WHY mg?

Sone. FiSw (---'— CROAKf!..J DRumMm, AND
RED F\SH) HAVE THEIR CRUSH ING TEGTH LOEATED

AN THEIR  THRORTS. ~THEY'RE cauntep PrHARYNGEAL

TEETH AN D THEY FiT INTO THIS CATAGQRY AS
—rr———— )
WEL L,

Some PRUDATORS HAVE SHWAR?, LONG TRETH
(sacH AS MMCKEREL) AND  THESE ArimWALS  USE
THEI SPEED , MANEUveErRw €y TY , AND BTE  To

cATer  THSIR food., OTwmer pPrevaTofsS SucH ®S

9



FLOUNDﬁ&SJ WHICH HIDE

AND G UWICKLY

RANGE

ENGULF

BY RAPIDLY

OPENING )

T OM THE SUBSTRATE ,

A fFAEY

THRAT COMES

AND CLOSIMG

LIE-IN-Ww8HIT,
WITKHIN

THER TS,

Dip You KNOW THAT mawny

——y

AT oMLY

THAT FEED ¥ =t

SPECIES,

NoclugnaL seecss, MostT sescies

AT DAawN AND

T Hase

S PECFVO -

THE

ARE

THAT

DAY TIME

Feeb

TIMES

LCLFERRED

OF THE DAY,
ﬁﬂl CALLED

AT  NIGHT

FEED AT

e

O GMMISMS ACT\WELY FHA

Trose

Diuaemac

CALLE D

DU  AND

o nas CREPUSCUHLAR.

Twe

VARIET\&S aF

TJusT A Ot

TYPES AQACCAR

TeE&MS

FEFEO;

- S

N

ABOVE

NGy MODES
PassIBLE

NATURE .

INDICATE

Sampg aF

TrAT 23 44
COmB)wATIONS

Fat. EARMPLE )

Weawms

THE
AND
SF "THEBESE

A SPBCIES

mAayY

8E

~

NAOCT wlwnt.

cnﬂ-nwage)

THAT 1S A

wriLg

ANMOTHE R

MAY RBE

GENMERAL) S'T";

FILTEL FEED ING-

SPECI1ALIST.

G'iva

et

A

~+E

CivmaL

fassSIiBLE

COMmBINATIONS GF FEEDING MOQOERS AND THE VvARIETY
oF POTENTIAL FOOD 1 TEMS AvAiL ABLE 1TSS ®BASY T
SEE THAT Encw SPECES QFTEN Accw PIEY M

UM QUE rOsI1Tian IN  “THE

90




wHEN TWe OoR ™MORE SPECVES QL CAPY THE

SAame PLACE \N THE FOO 0 uus) THEY COMPETE
FOR ¥woOb VTEMS COM?ET\T!OM ™ VTSELF \S wart
NECESSARILY DETRIMENT AL o THESE SPECIES
ESPECIALLY ‘¢ THE  FOOD 1TEMS THEY ARE
COMPETING FAR ARARE RELATIVELY ABUNOANT. LT'S
WHEN THE FooO TEms REcCameé RARE (WS THEy
OFTEN DO IN SamBE LOQCATIGNS OR AT CERTAWN
TIMES OF THE YEAR) OR THE CONSUmMERS OF
THE 1 TEMS SEcCOomi ARUNMDANT THARAT COMPETITIQN
BECOMES IMPORTANT,

FisviernY  BiaraeisTs, "THEREPOLE, NexD To Hivow

THE FYERDING STRATRGY AMaNG THE SPECIES IN

THE  CommumiTy. Krnowing THIS witl RLLaW THEM
TO ASSESS THE RELATIVE TPORITION EACH SPECIES
ocCtw PLES N THE "GREAT WES OF THINGS,
AvoivienmwiLyY, 1T 1S  ESSEMTIAL  THAT FisHeRy

Riato aisTS BE ABLE Ta RECOAMI2E  PATENTIRL

PRARLEMS PasSeED BY COmPETITIAN Rom A

NAN-~ PREFERRED SPECIES IN THE FisSWive AREAR.

THis ABILVTY TA RECOGMIZE THOSE PaTENTINRL

PROBLEMS Wtk ENABLE FISHERIES ManKk&ERS Tao

ADJUST -“THEIR STRATEGIES QONCE AGAN  Taq
’

1"
INSURE A BETTER WSE S F THE RESQuRLE

o EVEAYONE -
Qi



@LT\MATE LY THE

! PROCGLEM OF STUDYING
k 4 THE Foop wWABI1TS AND
g ! FOOD RKRESQURCES W
i - FISHERY BECOMES ONE
: ofF  SuPRR MARKET
—, , — gcomamics . By Twmis
o = w3 ww o #¢ WE MEAN THE SuPrly
AND DEMRND OF FOOD ITEMS AVAILABLE TQ -TtNE
O rANISAS T P21 FISHERY, T w FiGuKEli' We

SEE HOW -THE FooD AVAILABLE TQ -THE SPECIES
IN A FISHERY AfFECTS THE LIFR QF THE
IMDIvIDUWALS COMPRISING THES& SPECIGS. FQQb 'S
CRPTURED BY A I3 W USIN G A BEHAVIORAL
‘ATTrAcw’ PLAN AND ITS LONG DEvELQPESD

CAPT URINGr Arpes ( LikeE TRWS, Swimm,nG SPEEC
’

L1
CAMOUFLAGE , KTC.). A Consumser ThEN
USES THE SNERGY IN  THE  fa0d TAQ!
j_B MANTAIN TS LIFE

2-) Praoucc mgRE IF  VTRELF BY GRawing-

AND - .- 3) MARE MmaofkE of yrseLF  BY REPRADUCING:

Tn GEMELAL, THE MORE THAT HQuuaTic QRGHANIS
BAT, THE FASTER THEV &Raw AND JoR.  THE

Mar E YOUNG THEY PRQOUCE,
q2.




'SIDI4 40 WPIO4  BML N Lso™ QAnpt Q3aLeaImy rBAZ
2IAIN 90 LY 3H s lsov Y s ST IBAIMNOM
‘G ILIVM  HJTHAOL. g -7 Brd Nl ADIaANT  BAWIL 40
3OS " 3ONWNILNMW ) FAP ST8SI DNIGIBN (B any
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gﬁ CHANGES QLU N THE ENVIRANMENT
wricH RESuLT IN A CHANGE 1IN FOOD AVAILABILITY
THEN (WE PROS ASBLY SEE AN EFFRCT ON ElTHER
ONE ,TWO, ok ALl THREE OF THE dB8ovE HSPECTS
OF A FISH'S LIFE FUNCTION, LWewve areenoy
EXAMIm € T THE USEFULINESS OF LOOK ING AT
RGE AND GROWTW. Lnree we'LL EXAw 1aE
REPRODUCTION Al THE SAmME  wAayY. Foe Now wE
musT REALIZE THAT FEEDING STEATEGIES sAmaNnG
SPECIES DIFFER, AND  TNAT CHANGES (e1THER
INCREASES ok TDECREASES) IN  FOQD  AvAIL ACILITY
AND QUALTY Chan AFFEC T THE SI2E AND

ABUNOHANCE Q¥ THE 1INV DUALS I~ A FISNERY,

NOW REMEMBER ~
Yo ARG weiaT

Y



@o How wmany YounG wiLlL 1T
PROODuUuceE - — -
: AND — — —
[_li'{lo Lven  whitt T PRObuece THeEM ?
LY

BeroRe WE GET 1O THESE AND OTHER Ques-
T\ONS, LET'S FIND QUT WHY THEY WANT TO
REPRODUCE QR BREED N Tre fiesT vrace, {Muun-
CELLULAR ANImALS (SuecH RS ANY OF THOSE FOUND
IN R FISHERY) Da NoT  Live FOREVER., Twis s
PERAHAPS A ORAMaATIC STRATEMENT 3wt SINCE
THEIR LA\FE SPAN \ S LIMyy&D, THE ONLY WY THEY
caN L Live” FOREVER 15 BY PASSING  ON THEIR

GEMETIC. TRAVS TO THEIR OFFSPRNG., T ris 1S

usunLLyY DANE 8Y SEXuAL REPRADUCT ION ., T HM1is

MEANS CamBiminG HaLF THE GENE TIC TEATS FRom
AN INDIVIDUAL, OFf QNE 3S&X WHYTH  HALF THE

TR AVTS *Ram AMNOTHER .

WOWLD YOu LIKE
TO COMBINE TRAITS ?
FoR THE CHILDREN'S
SAKE - oF COURSE.

s



?HEQ& ARE ESEVERAL REASONS FQRE CoMSBINING
THE GENMETIC TRAITS OF Two INOIWVIDURLS IN ORDER
TO PRODUCE YOUKNG. THE ™MOST OFFERED EXPLANATION
RELATES TO COMBINING THE GENETIC CHARMCTERS
OF BOoTH PRRENTS TO CREATE OFFSPRING (WHICH
RRE AT LEASTYT ) GOOD, AND HOPE FULLY BETTER,
THAMN EITHEL OF THE PARENTS AT SURVIVING W
THE GREART WWIDE (WORLD.,

We e GETT\WNG OE R TRACK A LITTLE) suT
THE ™A POINT 1S - ANY ORGAMISM wouLh LIKE
TO Live FQREVER . I‘T'c.an"r' DUE T LTS

oOnN CELL LAFE anNp CELL DIYVISION, S0 1T FOEMS A

POTERNTIALLY BETTER REPLACE MENT IN THE Fagm
QF OFF SPRING 2y SHARIN G- TRAITS LITH BN~
AT HER INDIVIDUWA L QF -THE QPFPQ SI\TE SEM,

v }/ T+ wouro

) ( APPEAR THAT wMQsST

ITT Wik NEVER
WO Qut BETWEEBN
Nou AMS ME

[t SPECIES  PRODUCE MANY

@ MQRE YOUNG THAN

ARE ACTULLY NECESSARY

TQO REPLACE THE
QORIGINAL APULTS 1IN

THE POPUuLATIGM, -_



THE REASON  FORK THIS 13T THAT THERE 1S OFTEN
A VERY  HMiGH  MORTALITY RMonNG THE Youns, For
A GIVEM LET OF ENVIRONMMEMTAL ComoITIONS, 1F
THE PARENTS DA NOT PRODUCE ENQUG H YOQNG-, THE
SPECI\ES maAayY DECLINE N ARUNDANC E | S\mn.ﬂRLY,
'F THEY  PRODUCE TOO WHANY  YOUNG, THE POPULATION
WY INMCeEAasE . WHAT'S WEOKG wiTH  PRODUC tNG
Too many ¢  NoTHine = AT FIRST , BuT eEvENTURLLY
v FAR TOA MmANY ALE .PRQDuCIED AND SURVIVE TQ
ADULT HOBD THEY COouLd USE UuP TOO mucr OF
THHE cQap AVAILARBLE TO THNE OTHER MEMEBE RS
OF THE PAPuL M TION, 17\! OTHEL WorDs: - - -
"THE wmicHE sPAcE BECOmES cﬂowoet').'

Over crowoin G CAM LEAD TO SLOWER GROWTW HAND

CEOUCED FVINESS UL o " LOWER TOoOd  SuPrLy,

LESS F1T  ADULTS muy PEODUCE OFF SPRING WHICH

MAVE A LOWER PROBABILITY OF SURVIVAL, Al.so)

LESS %*17 qapuLTtTs mAY NQT BE ABLE TO QuT Com-

PETE INODWIDUAL S OF OTHER SPECIE S FOR —THE

REMAINMING FOOD, A YerasH 1™ SPECIES ABUNDANCE
|

WOWLD Occu (= a SPECI6S "OVER ate THE

AVAIL ABLE QO D SuPPLIRS, THE. PAPULATION  WOULD
GQ THROWG W A SeQies or L LOLY FLUCTUATING
f)s AND DO N ABunonaNnCce.,
W
U Ns
7



'To AVOID “THESE FLUCTUATIONS AND TO mMORE
EFFECTIVELY EXPLOVT THE AVAILABLE ENVIRONMENT, ™MOsT
SPECIES HaAvE DeveroPen (OvER  THOUSANDS OF YEARS)
A LIFE STYLE AND REPRADUCTIVE STRATEGY  -THAT
ALLOWS A s$SPECIES TG MAINTAIN a PQPULA TIQN
ABUMDANGE AT A CERTAW LEVEL. THiS LEvEL
1S CALLED THEe CﬂﬂﬂrlNG- Cﬂ?ﬂ(‘_\TY. Looring
AT T ANOTHER WAY , WHEN THE POPULATION'S RE-
PRODUCTIVE EFFORT 18 TUST HIGH ENOUGH TO KEPLACE
ITSELF AND NOT INCREASE Ta THE POINT OF STRAIN -
ING TwWE AVAILABLE FOOD CLESOURCES, WE SAY TRAT THE
POPULRTION HAS STABILIZED O HAS ATTAINED TS

CRARAY ING CAPAChTY,

THINMK  QF T ANOTHER wWAY -~ THE CARRYING
CAfPACTY 'S THE  PoPULATION LEVEL THAT THE

ENMVIRONMENT CAN SUPPORT,

Toeary THE cARRYING CRPACITY DOES NeT FLUC ~
TUATE VERY vWwOw oM NYEAR ~ TR -NEAR ALTHOWG W
T 1S SPECIFIC FOR CERTAIN HASITATS. Yag EXAMPLE,
THE CARLYING CAPACITY FOR GROUPER mMAyY SE
mMulH HIGHER N ANE  CORAL REEF  “TrHAN T 1S
QN ANGQTHER, {HOWE’VEK , VF OTHE ENVIRONmMENTA L

WA A AP tntcr
COMND ITIONS IN _ THR HASITAT CwnRnNGE (Yc:-u GuEsSSED \T),

98



THE CARALYING CAPaACTY CHANGES AS weELL . T

HoweEvee, A SPECIES HAS DEVELOPED AN

GENERAL
15 TA\LORED

QVERALL REPRODUCT I G ETRATESGY (LY EY-N ¥

1TSS POPULATION aT AN AGUNDANLE

TA MAITNT AWM
1 ’
AVERAGE CRARRYING

wHitw 1S CLAS E TGO TS

a CAPACITY YEAR AFTER YEAR ,
4\!40 \5
L9900 - At s
. P \
3 G*‘qoo'-’
5004 J . .
- 2 000 4— — _— — - —_— —
N Yy \.
3 E 3000 ¢ / .
N Y o000 ) PoPusnr/on, Fluctumres
q? : i AROUND Y000 )S. A5
.3 000 4 LONCy S EANvIRONwEAT
I ~$ srmwal g,

- b L
—

éz g3 ¥4 ®
NER &

A A

8Q g1

LLaver WE witl EXAMINE CONCEPTS Sucw AS

"YEAR CLASS STRENGTH  BuT

Y STock S128” AmD
MIND THAT INDIwvIDUBLS IN A SPYECIES ARE

KEEP -

TRYING .o PRODUCE THE MOST YOUNG THEY CAN
PUTTING TAO MUl STRESS AN  “THEMSELVES.

AT LEAST TRYING

witTHOLUT

AT —THE SAME TImE ~THEY ARE

TO REPLACE “THEM SELVES (EAQH PAAR U LTIvMaTELY

TRYING TO PRODUCE A PAIR) OVER THE LaNG HAuL

OF THEVR. LIFE HWISTORY,

aq



@a&ue& WE  SAW  WHWAT  HAPPENED TO  ENERGEY
(N THE FORM OF FOOD) AS 1T ENTERED AN ORGWNISM,
Some OF THE AVAILABLE ENERGY  WENT O MAIN —
TAN THE WANIwmAL  ITSELF;, SOWME oF TWAS USED WIR
GROWT M | SOME  Wwas  LOST INTHE FORM ofF WEAT,
Buy SOME  PoORTIOM  WENT TQ WAKE EGGS ok
SPERM SO THE ANIMAL CcoulD REPLQDUCE, TROm A
FlSHELiESJ v.prowr 1T s POSSIBLE T &ET AN
IDEA  OF FUTURE INCREAS ES QR OECRKEASES  THAT #
PofPuULATION mAY GO THROUGH BY LOOKiING AT TS

RE PRODUCTIVE POTENTINL. (-rl-m'r MEANS ~ HOW mwANY  YOUNG

THE  PAPULATION 18 CAPABLE of PRADWCING). LT
1S SAOMETIMES PQLSIGLE T PeasecT HAW MANY
YOUN & WE  CAM EXPECT TO BE ADDED ~ta -THE
FISHERY |]Y LOOKIMG AT QQEPRODUCTIVE PUITENTIAL-,
L\KE&J!SE} KMoWwING- A LOT ABouT THE COoONeITIONS
UMNDER wHiCH ] SPeciEeS RE‘P‘QﬁuCGS PUGHT RBE
USE FuL. W EM DEVELOPING ” MANAGEMENT PLAN,
THiS 1S ESPECIALLY  “TRUE €ORK. PLANS wWHICH  SALL

FOR  INCREASING A SPECIES’ REPLODUCTIVE  CAPACITY,

HOW WMANY PO

yous THINK 2‘_
O TQ MAKE
Ns.s]s YEAR 2




{HE AGILATY OF M TFiIsH TO PRODUCE YOUMG
1S cALLED  FEeEcumpiTY., A FISH CAX WAVE A HIGH
oe Low (OR ANYTHING 1IN BETWEEN) FECUMDITY TBASED ON
A NumBER aof Factars. MEASURING THE NuUmMBER of
Youne ANY  PAIR  QF FigW PRADUCES CAN BE AlmasT
AN \MPOSSIBLE  TASYC. Howevee, we can cer #
PRETTY GooD ESTIMATE OF FECUNDITY BY COuUNTING
THE MNUMSER- of MATURE EGGS THAT A TEMALE

PRODUCES, We ©a —THI'S BY COuNTING THE NumBER
ae EGG&S IN “THE BaADY OF A FEMMALE, Inw &

SPECIES  WHICH PRAODUCES ONLY B  FEw EG6¢S (Less
THAN 100) WE WoulD PRABABLY COUNT THEm
DIRECTLY, Some SPECIES PRADuUCE }, 000 T4 },0¢ad,000
cG-GS PER  FEMMLE (AR <CAD 1S YXNOWN TG PRODucT
QVE R C‘,OOQIQOO). TN THIS CASE WE WeWuLD GET
AN ESTImATE OF THE NUMBER oF T&eS (AND
THEREFORE AN ESTIMBKTE GQF TS FECUNDITY) BY
COUNT IN G THE ~NuUwgSER of GGeS N PART afF

THE GONAD (A PART 13 A SuBSAMPLE) AND EX -

PAMD) N Cor QUR  ESTIMWTE, TOoR ExAmeLE,
/GONAD 200 EGGS IN _ 20a EGGS
SUB samePLe PER Q%
Sl 1o w 200 = iaooas
EGGS '™
WEICHT = 18 az. WERIGe TS 1 0% GONAD

101



GCn  CASE  YOWRE  WONDERING  WHY WE  LooK

AT EGG- 5 N FEMALES. IN STEAD oF SPEEM W
mMALES COUNT NG SPEa™ WOULD BE Too TYME
CONSUM | nG AND v Would Y1 &LD LITTLE (NFORMA-

TN PECAUSE A SPECIES’ REFPRODUCTIVE  CAPACITY 1S

ASURLLY LIMTED .Y THE NumB e of EGG-S A
FEMALE PRODUCLES,

Ques'noug LF YOW WAVE 100 E€6GS AWND

10,000 SPERM  HOW WMANY  YauNG

CoutLd YA  POSSISLY PRADUCE (?
&

aNSUJﬁ-K b3 ﬂNY NUMSCR AVE R a0 Wouwed

*E i Row ¢

TN ADDITIAN  TO KMOWING  HOW MANY  YOUNG
WwivLe BE PRovUCE D Ry AN INDIViIDuUML OR n
PoPULPTION VT ikl ALSO RBE  USEFuL T KNow
THE  NUMBER OF MWALES PER  FEmuLe ( “TWIS IS
CALLED Twe DEX RﬂT\O). YGUL MIGHT SAY -“TRAT
TACH SPECIES HAS RN "nbEAL“ BALANCE ofFf MALES
AND FEMALES “THAT 1S NECESSARY FOR COMPLETE

FERTIL'Z2ATIaN AND REARNIN Cr AQF THE YQUN .

@@

& &

{02



iNFOﬁMﬂTION ON  SEX RATIQS CAN BE EASILY
GATHELED BY CAPTuRWG A SAMPLE OF SPECIMENS
CUTTING OFPEN THE Bapy CAvITY AND DETE®R-
MINING  THEIZ SEX, UHEN I REPRADUCTIVE CAaON =~
DITION, MALES OF MOST SPECIES HAVE GONRDS (TESTES)
WHICH  ARE  WHITE  AND  SWMOSTH 1N TExTuRE, Frmauss,
ON THE OTHER HAND, WAVE GONADS (OVARIES) wHICH
ARE  Usumily  YELtow (T cAaN RANMGE FROM CREAM To
oanGE!) AND GRANULKR IN APPERARANCE. __EN SQME
SPECiES, ESPECIALLY THOSE  JUST READY -TQ SPAWN,
YU CAN MERELY PRESS - THE WELLY AND A WHITE,
MILKY FLUID .(ﬁoa MALES) oR LUTYLE ROUND
YELLOW BEADS (Fo2 TFEMALES) Wikl BE FORCED OUT
THE  GENITAL OFENING NEAR THE ANUKS, “Twis

CAN  ALvow YO TQ TDETERMINE THE fEX QU\TE

EASILY AMD WITHAUT BELOMING g Su?-f-'rﬁ'b'*l
”ﬂe S EX 1IN SOME  SPROIES CAN BE TDEYTERMINED
OFETEN W THOWT ANY OF -THIS maNIPULATIAGN, Somi:

SPECIES DISPLAY  SEXUAL. DimoRPHISmM ( SExuAL

TMNFFERENCES 1M SHAPE OR S Z2E WBETWEEN MUALES AND

FEmm.Es) Ok SEXuUAL DICHROMATISM ( DIRFERENCES

IN COLOR RETWEERW vaxe.s) 0t BaTH,




ALONG— WATH  KWOWING "THE WumBER OF EGGS AND

SEX AATWO v V32 OFTEN ESSENTIAL TO HAVE DATH

>
cmg j—) THE -T\wWME oR SEASON OF S‘inmucr_)
2) THE DurRATION OF THE SPAWNING PERIQD,
AND - - -  3) THE AGE oR SIZE WHEN EACH SEX
Becomes SEXunLLY MATURE
THESE T©DATA ARE GATHERED BY CAREFUL EXAMINATION
OF LARGE SAMPLES QF INDIVIDULELS IN 8 TI\SHE®Y

OVER THE enTieE veae. BS WE wilL SEE  (ATER

THIS INFORMATION gLt ALSe BE USEFUL i COM-
STRUCTING A MANAGE MENT PLAN  For ANY FISHERY,

LENGTH oF
SPAWNIN G-
SEASON

EEPROMCTVE
TBERAYIOC

g

ST X ThnFormaATION ON
- «
_ REPRODUCTION

sk

a\

MaNvRGEMEN
STRATEG

CanDiT1oM

TANMD A HWAST QF OF EGGS <

QATHELS Tod MNumECROUS L AVvARE
TO MENTION.

1oy



@NFOFMATH:H OMN REPRODUCTIVE CONDITION HAND
CAPACITY |S I MPORTANT BUT \T BELOMES EVEN MORE

USEFUL wWHEN T (S WSED IN CONIUNCTION wiTH THE

ENVILONMENTAL FALTOLS WH G INPLUWENGCE Ok CONTRaL
oW MANY YQUNG ARE PRODUCED AND WHEN -THOSE
YOuNG  AeE  PROOucED, L oOooKiNG AT  Fieurs 2.,

(NE CANM SEE Z20mE QFf THE ENVIRONMENTAL FACTOLS

WG H OFTEM INFLUWENCE THE REPRODUCTIVE COMNMDITION
( AND ULTiImMTELY FEQUNDITY) QF AN INDvIDUHL,
Fooo AvaiLAaBILITY 1S OBVIOWSLY  IMPQRTANT

BECAUSE -“THIS S THE SOWRCE OF ENEFRGY AN OKGANISM
USES TO mMAKE  EBGGS AND SPERM (AND TQ SwiM
ARCUND  AND mAKE (--ﬂH Ew\--) ENTICING GESTURES Ty
MEMBERS OF THE QPPASITE sEX). LiKEwsE, INCREASED
OR DECREASED ENVIRON MENTAL.  STRESS CAN HAVE AN
INFLWENCE  ON AN ORGANISMS  REPROTICTIVE  CONDITION.
LWHEN ‘1 comes To  CONTROLLING “THE ONSET
OF SPAWNING AND  THE 'Duﬂ._AT}QN QF THE REPLODULTIVE
SEASON MOST OfRGANISMS St B VARIETY aF CWES
IN THE  BNVIRONWMEMT. 1N FIGUrRE 13, WE CAN SEER
THAT g DAYLENGTH  (AMOUNT OF SUNLIGHT), SUBSTRATE,
TEMPERATURE AMQUNT ¥ TYPE ofFf FOOOD ARE

J
SOmME oF “THE wQRE INFLUBNT AL FMCTO RS CIM IS k]

SERVE "> CuES.

|of



ENVIRONMENTAL  STRESS:

WHEN STRESS 1S

3&5"\‘1") MOELE

EHNERGY 1S useED TO
M vTAIN THE SaA0Yy =
LESS 1S wsBD TO
PRQGOUCE OU NG

Foob .
ABUMNDMNCE .‘ 2°
ol
Qi v TY
—
FiGues 2., FAacTo®s AFFEcT iIng- THE

NUMEBEC AND QUALVTY oF CeeS. A
RELIMELE  CouMT oF EGGS CAX WE USED
TO REPRESENT  FECUMPITY. FrcumpiTY can,
IN TURM, BE USED TO  GAUGE FUTURE

CHANGES Y PaPuLdTI1ON SI12E.

106



1

“TEMPERATURE Dav Le T -

Food Tyre « A-pp ROPRINTE  SuBSTRATE
ABUND A NCE oR
S PRWNING AREA
(Ncﬂ' TUusYT fow _
ADWLTS RBut ALSOo
FoR NEWLY HATCHED V’/&
LARVAE ) | < 2
TiGueE 3. Facvoas OFTEN KNOWN -Ta
AFFECT WHEN | WHERE |, < HOW

LONGr SPAWNING QCCuURS.,

107



@F COURSE gacH SPECES CAN BE GQuITe DiF ~
EERENT WITH REGARD YO WHRAT FACTOR Ok
FACTORS AFEECT TS RePpopucTion ., KLSO THe DEGREE
TO wrHick EALH FALTOR AFFRCTS REPRODUCTION maY
BVE THEFFERENMT, F:o& EXAMPLE ONE SPECIES meay
onNLY REACH REPROADUCTIVE KEQDIMESS AFTER KA PeLIaD
OoF RSING WATER TEMPERATURE [N D LONGER PERIADS -
OF DAYLIGHT . ﬂESs SPEC\ES ALE uSuMLLY CALLED
WrEM  SEASON  SPAWNERS ;| GRAUPER AND  SNAPPER ALE
GO0 EXAmPLEX. Dn THE QTHER WAND, ANATHER
SPECIES MmAvY REQURIRE COLDER TEMPERATURES AND
SHORTER.  PELIODS QF DAYLIGHT 1N QROBR TO ATrAn
REPRO QUCTIVE RERDINESS, _rHESE ALE CALLED caLbd
SEASONM  SPAUNERS + MuLLET AND CRUARER WAWLD
RE Crd0D EXAmMPLES HER® ., Same SPEaIsS  won'T
SPAWN AT  ALL UNLESS THE NECESSAKY SUBRTRATE
1S PRESENT (WHMILE QTHERS REQUWRE 3usT THE
RIGHT  AmaunT gQND  KIND  QF FaobD, 1o CaOmeLcATE
THIS €VEN FURTHER sSame SPECIES MRAY NEEBD UNIQUE
COMBINRTIOMS OF THESE AN OTHER €fACTARS, w
OTHER (WORDS TBACH SPrcifS (AN B QUITE DISTINT
WITH CfEGRED T “THE ENvIRONMENTAL SITuATION 1T
NEEOS To eEPRADUcE ( @R PELHAPS ™M RXIMIZE

VTS R EPRODUCTIVE Pq-rtwnm..) .

\0%



NOT  TONVGHT,

THE WATER'S
TOoG ¢anD RANMD

BESIDES T3
T HE WRANG

D

T e we Are To ™MANAGE, OR AT LEAST
PREDICT THE SPAWNING PCTENTIAL ( AWND HENCE
THE POQTEMNTIAL NUMBER OF Fisw N 1] ‘FISHEP-Y)
e NEED Ta KNG el WHRT THE FACTORS AND
THEI LimTS ARE .

BY NOW YOW RARE TPRABABLY AWARE THAT EdACH
SPEC\ES 1S QOFTEM QUATE DIFFERENT FROMm AQTHER
SPEC RS WA M REGALD TA WHAT 1S CaLLES D

TS REPRQADUCTIVE STRATEGY, WY REFLADUCTIWVE

STRATEGY WE wMeanN THE Suw ToTaL QF ALnLL
THE FEATURES ASSOCIATED WhTH PRODUCING
YOUNCr. TTTHESE INCLUDE | HQW AND WHEN THEY
REPRODUCE | Now  maNny  YOUNG AW mudw
PROTECTON FOR THE OFFSPRING, MATING BEHAVIOR,
MATE SELECT!ON, AND OF COuRSE A HasT qf OTHER

FERATURES,
Mos+ SPEci€S  WAVE SEPALMTE  SEXES , THAT
15, THEY EXIST AS CI1THER MALES QR FEMALES,
YQC-I-. G T ’Qﬁ SURPRIGED T LEARN , HOWE"V‘E".)
THAT MANY SPECI€S  ARE  NoT S0 "STRMG-H‘I’!"
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Hecdmr pHRAODATISM  (WHICH  MEANS  THAT AT  SOME

TiMe DURLI\NG TS LIFE An ORGANISM, '3 BOTH
MALE AND FEMALE — T Caw CHANGE SEX OR
REAR, BOTH GOMAD ‘T‘<PES) OCCuRrRS WIDELY IN
AQUATIC ORGBNISMS . For FxamPLE , GROUPERS START
ouT LA\FE AS A  FEMALE AND T HEN (PROBABLY
DEPENDING ON THE LaCAL CI1RCumMsSTaAnCES SUCH M3
THE SEx RATIQ |a  THE G-f?.ou?) SwHTLHES OVER Ta
BEING A MALE, SOME SPECIES SuQW nWS
THE SMALLER SEA BASSES Crn FuNCTioOn  AS SBoOTH
MALE AND FEMALE AT THE sSpameE -Twe, TS
£.€ PRODUCTIVE MQpDE SEEMS EXTRAORDINARY BuT T
OCCLURS OFETEN ENO UG “THAT wWEeE MIGKT NEED
TQO CONS\DER T IN OuR WMANRGEMENT OF 3ame
FISHERIES,

Most  AQuATIC ORGANISMS DEPASIT THEIR EGGS
OR  SPERM  IN THE (WATER WHEN REPRODUCTION TAKES

PLACE. WS REPRODUCTIVE MODE OF EXTERNAL FERTILIZA-

TiaN  MEANS THAT A NEWLY PORWMED YOUNG-
MUST GET ALL TS 1Ni-TiaL FooD sufPLy (AT
LEAST  UuNTIL 1T HATCHES) FROw 1t s YOLK

supfLy. Manvy  oreRNMISMS HAVE  oPTEL FOR A
MUCH  DIFFERENT REPRODUCTIVE WOOE. | MEY PRAC ~

T e INTERANAL FERTILIZAT IaN wHGEEZER THE mMALE

DEPOSITS  SPERmM (O WMILT) INTA THE FEMALE.
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ﬁ@’uess INTERNALLY CERTILIZING SPECIES OFTEN
RETAIN TwE YOourG DEVELOFING EmE8RvYas IN THEIR
RODY CAvV:TIES WHESE I SOME SPECIES THNE
EMRBRRYOS ACTuMLLY GET SOmME ROD I THION AL Faaop
ag NUTRITIOGM FRQOm  THE FEMAUALE, As You migwT
SusPEcT) SPECIES WA TH INTERNRL FERTILIZATION
WSUALLY PRO DULE Mg FEWERL OFFSPRING THAN
EXTERMALLY  FERTILIZING SPECIES. THE GRAME PLAN
3 THRT WHAT  THE PAREMTS SAcRiFICE 8y NaT
PRO DUC ING AS  mMANY YOuMG, THEY GAIN @Y
HAVING ™ UC rIGIE R SURVIVARILITY O® TrOSE

YOUuNG THAT TWHEY ACTunlLy Do P DuUCE.

r ExAmPLES OF GROUPS wWiTH INTERNAL )
FERTILIZATION
\
INVERTEBRATES VERTESRATES
SQuio - SHARKS
OoCcToPUS SKAYTESD
SOME SwnAwS RAYS
SHRIM P _ WrALES
CRABS SEALS
LOBSTER, WALRUS
“-- AND DON'T FORGET -- GU.?PIE.S!

vt



gome SPECIES WHitW FERTILIZE “THEIR EGGS

EXTERNALLY TRY TO HelLf THE SUEVIVARILITY oF
THEIR YOUNG ALONG  BY PROTECTING THEM, Twis s
OFTEN DONE 8Y DEPOSI\TING THE EGGS N A NEST
W HERE THEY LEMAIN TG BE GUARDED BY BEITHER
oR [VSTH aF THE PARKENTS, ﬂNuTHﬁ& WARAN 1S FoR
ONE GQF THE PARENTS TO 'BROCD’ -THEm 8Y
GATHELIMG uf  THE NEWLY FORWMED YouwG IN THER
mouTH ((AS IN  SEA CATFISHM) OR  PuUT -THEWM v R
PoucH (WS 1IN SEA NORSES ~ PIPE Flsr-«).

TNTE&N:ALI.V FERTILI2ING~ SPECIES DELIVER
VARYING MAMOUNTS OCF NUTRIENTS 70 THEIR OFF -~
SPRWNG  WHILE THEY ARE DEVELD A Nis INSIDE THE

BADY orF THE FEMARLE, So ME-TIMES THIS DEVELOP~

MENT 1S SHORT — LIVED AND THE FEMRLE GIvES
BIRTH TAQ A FERTILIZED €66 I THIS  cASE mosT
DEVELOPMENT WiLL -TAXKE PLACE IN  THE WATEL. ﬁ—r

THE OTHER EXTREME TwE FEMALES MAY LETAIN THNE
MOUNMNGr FOE CONSIDECAGLE PER1DS MND SuPfLy A
LARGE fPafkTiom oF THE ENCRGY Ta HER YOUNCG
WHILE 1IN HMER  RaDY  CAVTY. | HE sPraiEs ARE

KNoWN  AS  LwE BenkeeS, (Geod EXAMPLES  woueD @E

SomE SrAENRS 5 ANMD Qv COURS - -

oM Na GUPP‘ES!

NOT THE
ORTRDFD
Gurty !

W2



we've COVERED A VARIETY OF REPRODUCTIVE
MODES THUS FAR; S8uT A FEW QTHER TYPES ARE
IMPORTANT ENOUG K Ta FISHERIES BIOLOGISTS So
WE'LL CONSIDER  THGOSE AS WELL, Some  seecixs
REPROQUCE oR  SPAUN IN A GROu?P SITUATION.
DEPENDING  UPON  THE  SPECIES, 1T COULdD CONSIST
OF A MASSED SPAUN INVOLVING RLL THE mnALES
AND FEMALES COmMm NG TOGETHER. AND RUTLEAIING
THEIR  E6GS AMND SPERM INTO THE wWATER. Heerng
WouLD RE AN  EXAMPLE OF F\SW WITH | GRAUE
SPAW NING, Some:-r\was Tve  "GRou?” cﬁ&N RESEMELE
A "J-MKEM” M THAT ANE MALE MATRS  WIITH SEVERAL
FemnaLes (oﬂ. EVEN ONE FEMWLE  WiTH  MANY mm.as). Omrse.
TIMES | ESPECIALLY AMONG REEF  ASSO</)ATED FISHES
PAIRED ((MALE W FEMALE) SPAUNING 1S THE USUML
REPRODUCTIVE BEHAWQK, _T‘H\s “Pm(e:bﬂ SPAWMING QFTEN
INVALVES ELABORATE PREREPRODUCTIVE  COURTSHIP
P

- L}
DAMCLES AND  CoLeR DISPLAYS . "TWHE -TYPE OF DANCE

153 QFTEN PARTICULAR T TACH SPeCIES,

W3



Nou THAT WE HAVE aM  1DEA wHY ORGANISMS
REPRODUCE , WHAT FACTORS GENERALLY CoONTROL 1T,
AND How wWE MEASURE o€ wonToR REP@EMCT!VE
POTENTIAL  OR CAPACITY, LET'S LoakK TRRIEFLY gaT
HOW TTHIS INFOEMATION CAN BE oF USE N
FISHERIES BIOLOGY ,

KNowlNCr A species’ R.Eon[_)uCTwe‘ PAOTENTIAL.
(THAT 13 — Twe NUMBER OF YOUNG LIKELY o
RE PRODWED |N  ANY GIVEN vsn.c.) Wit  LET uws
SPECULATE REGAROING THE, POTENTIRL YieLD (o& CATCH)

THAT CAM BeE TAKEN FRam THE TISWHERY AT ~#

FUTWURE TIME ,

DI YOU KNOW THAT oguR REPLODUCTIVE
PATENTIAL. 1S NOT ONLY AFFECTED BY
THE MNUMBER of FELTILIZED €665 WK
PROOUCE ~ THEL SURvivagiLiTY  BUT Wily:
HOW OFTEN WE REPEODUCE EmcH YrAe

Qul HMGEES WHEN WE FINST REPRQIDUCE;

AS WELL AS CHANGES N QurR ASILITY T

PKODUCE AFFSPRING Due = QUR MAGE

J DhET , AND  PHYSICAL  COND) Tiom ?

- DION'T
REALIZE - - -

Wy



ANO‘TH!‘.& REASON FOR GATHERING INFORMATION ON
A SPECIES’ REPRODUCT IOMN 1S  To =®e ABLE TOQ
DeEvELaP MANRGEMENT TECHMNIQUES DESIGNED TO REDWE
THE 1 MPACT OF FISHING ON THE STAQLK SI2E oOR
17 s ABILATY  TO ReCOVER FRAMm FISHING ACTwWATY,
Faf ExAMPLE, WE puGHT  STUDBY A  SITUATIGN  AND
DECIDE THAT CATAH LﬁVEL.':'- IN  THE FUTUELE MAY
NAT 8¢ LOWERED ‘P WE WRIT UuUNTIL HKFTEC A
SPECIES REPRADUCTIVE PEAK 0L SPAUNING SBASAN,
SimiLaRLy  WE mMAY FIND  OuT -THAT BY CAPTURING
MALES AND RELEASING THE FEMALES THAT ACKEPTABLE
POPULATION AMD CATCH LEVELS CAN BE SUSTANED,
On THE OTHER HAND  WE MGwT LEARN  FrRAM guRk
STUDIES ON ReEPRADUCTIGN WHERE # SPeciEs’
SPAWNING RREA s Loc.m-ct#. Twis  Coud wmaxE
CAPTURIN G THEM (ﬂND) \N"'Tuc.u, THE FJSHE&Y) MORE
EFRICIENT,

Ovssm.l.. = INFOLMATION Cm REFPRIDUCTION (il
‘nELD AN  IMPOERTANT SET aoF DATA O™ THE
LiFE  HISTQRY OFf ANY SPECIES, “THIS Wby MLLow
WS TO  LUISELY MANWGE AND MORE EFFICIENTLY

R XPLOIT OuUR SToLKsS ] AQUATIC QEGANIIWMS,




g., WHege HAS 1T BEEN aAND
WHERE wwL 7w GO ?

"rus MIGRATION OR MOVEMEKT PrTTERLNS AND
ROUWTES THAT AQUATIC ORGANISMS USE PLAY AN
INTEGRAL  PART 1IN THEIR LIFE WiSTORY AND  THEIR
SURVIVRL, “THESE WMOVEmMENTS ARE  1mMPQRTANT
RND CONSIDERATION SHAULD BE GIWVEN TO WHERE -THEY
MAVE |,  NOW THEY wmave, WHEN THEY mMave axd
ALIC wWHY -rHey move, MManvy  sePeciEs  mwuxe
DA\L.Y) SEASONAL OR LIFE LONG TXCURSIONS FOR
R VARIETY OF REASONS ¢

@ Foob — SEARCHING QR SPECTIC
FOOD -rYPES QR FALLOW IN(r R FOOD SOURCE
WG H 'S rTSELF FOLLOWING A MIGRATOHRY
PR TTERN,

@ TEMPERATURE — SincE masT
RQAUATIC. ANWMALS (FXCEPT -THE BILODS
AND MAMMALS) ARE  COLD BLOODED, THEY
mMAY MaQvE N AN ATTEMPT T REGULATE
THEIR RBOOY TEMPERATURE. RS WHATER
TEMPERATURE CHANMGES witTH SEASaNn af

LATI\TWDE THEY MOVE <o BE IN  THE

'RIGHT'  WATER TEMPEELATULG.

e



@ Waves comoiviaNnS — TuR 21 OVTY,
SALINITY, PHYTO PLANKTON PRODUCTINVITY |, ETC,
CAN vARY SEASONALLY ok DDAalLY, Auumﬂs.s
OFETEN YVOVE TG OPTimi2 € THEIR, CraNCE OF

SuRwviveaL. ,

RﬁmEMBe&-— WwHeEN STKESSCEOD AN ORGAr ISP

C AM ADAPT A MIGRATYE A aR ozs’

@) ReEPRODUCTION —— MmovemenT af ADULTS
Ta A CeERTAIN PLACE OR AREA FOr. mMmMATING

Ok Ta ¢PrRavivE A GOQDY PLACe FOR TR IR

YQU N G TO  SURVIVE ,

NexT YEAR HaeoLp
ANT T wittk TRY

FORT L_AUWDERDALE




:\S HE EXTENT OF THWHESE MIGRATIONS CAW BE
TREMEN OGS ™ WNUNMDREDS OR EVEN THXSANDS oOF
mn.ES) AS I TwE CASE OF THE ﬁLue FIN TuN A

AND SEVERAL SPECi€S of PACTIC SAL WmAN.

News FLASH - - -

T THWE Magcw 1\9%% 1 SCWE OF "THE

MAGR Z\NE SEA TﬁCHNOLO&Y AT WS ANNOUNCED

HAaT A BLACK vMAagLin CAUGHT OFF Batnh

CaLvFrorRNnin wWAS RECAPTURED -Twa YEARS LATER

OFF NEW CZeALAND ~ OvER S$763 WNAUTICAL MILES nwvl

——
[ ]

SOMﬁT\MES THE MIGRATIONS MAY BE TUST UFP vl —

DawWN RwWeR or NSHARE — OFFSHORE . Same
SPECIES MOVEMENMTS INCLUDE EXTENSWE VEETICAL
MIGRATIONS IN THE WATER Catumn. Twe BEST

EXAMPLE OF TrusS “TYPE QOF MIGEARTION Wwaueo

2| THE STRKANGE ANMD RARELY SETEN LANTECN FiISH
(uHose BODIWES ARE CaverReo witw  LiGwT PRQ -~
DUCING  ORGAMNS) WHICH CAN MAKE DALY WP -~

AMD~- DAWMN MOVEmMENTS oF Qvie. plalala) ‘FEE'T"'




@FTE.N THE MIGRATION PATTEERND HNAVE TQ ©O
wirH CHANGES N SOmME ASPEcT of B SPeEces’
Lifre wisTory, For examePLe, EGGS wmAY 8%

VE POSITED IN @ OMNE n&EA) LARVRE WMihdY DRAWFET YO
ANOTHEEL  ARER, YOoOuMG ADULTS To ANATHER,

AND FIinnLLy SEX UALLY MAT U RE ADULTS mavy

MOVE “Bacw TO THE  sSPOT WHERE THEY WERE

QRAGINALLY TDEPQASITED A TGGS,

TTHERE  ARE  MANY  WAYS USED TO LEARN ABNT
THE  MOVEMEATS Ok mIGKATORY PATTEENS OF AQuUATIC
ORGAMISMS. THE MOST OFTEM WA 1S BY ReEmem-—
BER NG WHERE AND WHEN THEY'VE BEEN CARGKT,
TS mAY NoT SEEM SCIENTIFIC | BUT  THROUGH THe
ACCUMULATION OF COMMERLIAL. AND RECREATIONAL
FISHERY STATISTICS ArNe MENTAL  (AND WRAVTTEN) NOTES
MADE ]Y FISHERMEN OVER THE YGMLSJ - -

A PICTURE o WHERE. AND WHEN CERTAIN  3IPECi5S
OR STOLKS OCCLUR EMERGES,

RMoTHEL  WAY  Ta LEARN  ABOUT THEIL MIGRATORY
PATTERNS S o "TAG-I af. ‘maek’  THEM N same
FASHION . Ty?chLLY TAGS ARE PLASTIC. TDISKS  oR
STRANDS WhHictH HAVE AN  \DENTIFICATION NumBEe
RAND SOME OTHER INFORMATION SO THE FINDER,
CAN SEND N DATA RELEVANT TG THE CAPTURE

A THE QARG AMISMm,
1\Q



L1

SPAGHETT) TAG

DIiSK TAG

S\Hc.t. THE FISHERY BWWLAGIST HHAS  ALREADY
RECORDED THE SPEQIMENS  SPEGES TYPE |, 1TS si2€, =+~
WHERE ~ AND  WWMEN T WRS RELEANED HE OR SWE cn\f
COMPMRE THE SAME W FORMATION OBTAINED TROM R FINDEL OF THE
WAYWARD ORGANISM, TRAM -THE DATA GATHELED WE
CaAn  QGET 3SOME (DEA AS T8 How FAR T wavED,
Haw LOMG T TOQOK Ta GET TWHERE AND HE W)

Mug 77 GReEWw Inf THE MERANTIME,

BY THE WAY - - — TAGGING STUDIES ONLY LET
AS FKNQW  THE QRELEASE AND RECHPTURE PoiNTy,
THE EXACT ¢ATH TAVKEN VETWEEN THE Twao PAINTS

cCan anLy B Guessro 8T.

RELEASE
nu

L__l‘iu_ THREE ROLTED  Cound WhvE BEeEwm ‘II&!SE_N!
120




@-r\-\en. MEANS QF ‘Mﬂﬂ.K\N(,—' OR ‘TﬂG-G [ N(.r‘
ORGAMISMS ARE AL WRED SucH HAS! MAGNETC
oR mETAL.  STRIPS  (INSIDE  OR OUTSIDE THE SooY),
HOT OR COoLD BRANDING tRanNS, COLORED TDYES, AnND
SEVERAL SITMPLER METHOLS sucH As CLtPPIN G FINS

FTROM FIsel OR WRITING ) T PEEMAMENMT INK ON

MOLLUS K SHELLS, T'LL NEVER

BE THE SAm

SO-—QAI.LED BAOLOG1CAL Of MNATURAL TAGS AKS

ALSG USED. THE STOOK 15  RECOGHNIZED QR IDENTI -
FI€D BY rsS  PHYSICAL CHRRACTERS SucH A4S
Cotog PATTERN, NUmMBER OF SPINES, NUMBER OF SCALES,
OR BQLY SHAPE, Otuee cuaracTERS CAN ALSa Re
USED sucH AS A UuNIQuE SET oF gLoob PRATEWNS,
O  EVEM ‘THE TYPE OF TPARASHITES SameE GROUPS My,
TH RECENT YEARS MINIATURE  LADIO TRANSAITTERS
HAvE BEEN PLACED on (0 IN)  SOME ANMIMALS  AND
THE IR MOVEMENT S ARE THENM MaMITORED, THis TvPe ofF
‘TAG’ O8viousLy GIVES Uus COMPLETE INFQEMATION
REGARD ING A INlelDUAL’S MO\/GMEN"‘I’; BUT A YO

CAN  \WMAGINE, 1T TAXES B‘G' SUCK$ TQ COMDuULT

THESE STUDIES.

Y|



KNow\NCv THE MIGRATION PATTERN FOR v SPECIES
- A DEFINITE ADVANTARAGE FOR FISHERMEN AND
FISHERY SBIOLAGISTS. 1 F WwWE AQRE TO EFFECTIVELY
MANAGE A  STOLK, WE HAVE To BE SuURE TS THE
SAME  STOLK WE ARE ALWAYS TALKING ABAUT.
LIKEWISE THERE ARE SQME ASPECTS QF A SPECIES
MIGRATIONM PATTERN —THAT mAY RKREQUWEE SPECIAL.
MANAGEMENT  CONSIDERATIONS. For  exameie, wn Florios,
THERE 1S SOME EVIiDENCE INDICATING THAT PULLET
STOLKS ARE DECLINING. DOME COUNTY GOVEEN MENTS
HAVE SDUGWT TG REDUCE  THIS TDECLINE 8Y HALTING
FISHING WHILE TULLET manE  THEIR MIGRATION
OFFSHORE -ra SPAWM, ‘r'm. SQUNDS GREAT @®xCEPT
THHRAT WwWE “AVE Vo tDER WHERS THE LAKVAE Fram
THESE MULLET GO AFTER THEY MATCH. “THEY
MAY COME 1BALK Ta ~THER  Hame ' esTudcy o
THEY mMAY NOT. STuUDIES ON THE MGRATION QF

TWE LARVALE wWauLd HEL P KESOLVE THE BFFECTIVE ~

MNESS O THE PROPOSED MANARGE MENT STRATEGY,

2z



B THOUGHT WE WERE FiniSHED 7

How AgouT A ¥F€W wMaRE
QUESTIONS JUST TO RAUND THINGS
oy 2 - .. Liwxe - - -

_ Llnar camt stubving Tuere
Be HAVIOR TELL us?
[ -]

S'TUDY‘NG" AN ANIWIAL'S BVEHAVIOR (og TS

ETHOLOGY, as T 1S KNowN TG THE GUYS In

THE WHITE LAS COATS) 1S A WAY OF GATHER -
ING WNPORTANT INFORMATION ABQUT SPECIES

WHICH COMPRISE A FISHERY. JUST A% 1MPORTANT

RS KNQwWIN G THE GROWTH RATE of A Fisn,

KNOWIN & TS RVREHAVIQOL CAN Give us A FPiICTurE
AS TO WHAT ' T'S DOING AND HOW 1T DofsS T,

THIS  IN \TSELF  may wNOT SEEM  SQ PARTH=—
S Y RING ‘]uYT WHEMN wE RELATE THE SPECIE 3}
RBEHAVYIOR TQ 7T S RoOLE IN THE RQunuT! &
CoOmmum 1Y O FISHERY, T PMaxES SueH

INFOEMATIOM WORTH W LE

13




&9; HAVE ALARAEADY

LOOKED

AT THE

IMPACT

aAF BENAVIOLAL

\

AND SIGMN\FICANCE OF Owug TYPR
INFOR MAT IONM CALLED M\G—RA‘T‘tOMJ RVUT THEECE
ARE  MmANY OTHER  M4S PECTS OF A cPFCILs’
BEHAVIOL THAT sSkaQuLd BF CONMSIDERED %S
(WE L. "rHEsE CAN INCLUOE &% COMPETITION
HABI\TAT CHOICE, RESPONSE o A STRESS, Ow
EVvEN MAT IMNG BEWAVIQGR Y MATE CHOICE
p
THeEY 'RE AuL. KIND
OF QuTE BuT THE Q
TAL. OWE S B \, \/
€EAL  wunNK) — =, -
. —
. \k__, xS

_/

COMPET’ 1 TION FOoR

ANOTHER SPECLES o

THE SAME SPECIES

OF RENAVIOR WE

PEOPLE T  THAT

'S

SHOULD

FOQOP QOQR S?AcCeE

EVEN W ATH
CERTVAINILY

Knaw

COMPET\TION |,

ThrFERENT ORGANIEMS

ONE 0% TWHE MOST m

LiFE e A SPEC\E S,

TrOwt AN CeELTAINLY

COMPET TON Faot

e ERnT TrEm SOME 1

FOOD ,

BEHAVIORALLY

PORTANT

Twe
BE

FAR T©XA

NOAWIDU® LS
124

RSPECTS

CFFECTS

(PSR Ly o |
MEMBELS OF

ONE ASPeEcCT
AgownT. Mawny
OR HOw
IN'I"(RHC.T') 1S
IN THE

OF COMPETI—

FAR REACHING . L¥

MPLEJ BECOMES

MaY  NGT HAVE




AS Muiw FOOD  ENELGY AVAILABLE -TQ THEM TQ
GROWw OR LEPRODUCE. THIS COULD MEAN THAT
THE SI1ZTE& ORrR MUMRBE £ o INDIWVIDUKL S IN M4
FISHERY MAY BE <REDUCED, Szmn.qg:.y) A JPECIES
UNDER THE PRESSURE af STRESS CREATED BY
COMPETITION MAY mavk OR MIGRATE TQ  ANCOTHE €

ARER TO AvVSID THE . COMPETITION.

T " <D

e 2

TT'S TOD <CROWOED - -
_ T LEAV NG

GOTH THE € TXPES Q¥ REI PQNSES L

STRESS CRAUWSED ]Y COMPE TITION ( THAT \SJ
CrHANGES N LT € WiSTaRY  FEATULRES SUCH AS
GRAQWTH -~ AND- REFRCOUCTIO N AMD MmiGR n-rlm_)

WowuLy RE \MPORTANT TQO KnNOw AND PRE DICT. "I’\-us

Wwourd BE ESPECIALLY TRWE 1IF WE WERE THINKING
OFv INTRADUCING A NEWw SPECI\E€S INTQ AN AREA,
Aoo N ANQTHER SPECI1ES “wauLo PEQBARLY
INMCREASE COMPETI T ON, T‘T’ WouLd BE ™Nice To

RE ABGLE Ta Pesmu; BASED ON  PASYT TEXPER —
1ENCE AND  DPHTA, WHAT CHANGES IN LIWFE  RABHTS

WE COULD EXPECT IFECAUSE AGF QR NEWw AOLITian,.
\.5



@ﬂﬂuie.. WwE LEARNED THAT THE ENVIRONMENT
CoNSs\ST5 OF A NUMBER OF TFTEATURES a® FACTORS,
WHEN ONE ©OR SOME OF THESE FACTORS CHANGE,
THE NET EFFECT ON THE ORGAMISMS miGHT BE
SEEN AS A CHANGE (foR GETTER OR WORSE —
JUST LIKE A mAﬂ.ﬂ.\a&E_,‘) I~ THE wry THFEY
BREHAVE. 1N ORDER To PREDICT wWoOWw AN ANIMAL
RESPONDS TO AN ENVIROMMENT AL CHANG & OR
STRESS SCIENMTISTS CONDUCT LABORATORY EXAM -~

-—-—F
IWWATIONS., | HESE CSTUDIES CAN QFTEWN Give A

Gaod IND I QATION ov NOoW A SPEC\ES Wil
RESPOND £ A " REAL WoRLD" SITuATION. \\\
' =)0 Y /
TRTER AT ] Q oy
e an| |1 SRR

OFT‘EN TTHE VERY FIRST AND Mo T MNAOTICE ~
HBLE € FreEcT WE 'Lt NOTE AgQuT ®W  SPECIES’
RESPONSE TO ENVMKANMENTS CHANGE 1€ 1T8

BErAVIOR . T HMUS, STUOI1ES ON  THE RErAVIORAL

RESPOMSES SPECI\E€S MYPKE UNDE ® LASQRATORY

CAMD ITIONS CAM Aciaw FiSwmeEry BioLoGI1STS TQ
126



PREODICYT TwWE EFFECTS A CHANGE IN THE
ENMVIRONMENT COWULD HAVE ON THE MR TUR AL

PoPurLgrTion.

REMEMBER - THESE CHAMGES
CouwuLO RESvLT N THE EN HAMNMCEMEWMT
OF A FisSHERY AS WELL A3 TS

DEwWAL S & ' ‘ l

SOME QF  THE RKRECEMT RKRESEFARCH on rHE
COMSTRUCT ION AND EMPLACEMENT OF ART) FiciFau
REEFS INOICATES HaW US EFlAL INFORMATION ON
A SPEciES BeErAavior  caN  BE, Mast  fiswH
RESPOND TS THE PRESENCE OF STRUCTURES IN
THE  WATEL 8Y MovING CLOSER To —THEm, Tn
F Rct “THE TvyficAaL LESPONSE OF WANDER ING~

MARINE ORGAMNISMS s TO SETTLE ON OK NEAR

STRUCTURES CIE N THEY FIND T HEM,




@15&-—!!‘5&*5‘5 ECIEMTISTS SuSPECT THAT

INITIALLY THESE STRUCTULES SEeve AS A1 PLACE

TA ORIENT ARSUND, LaTter THE ¥FiSH may
ESTABLISKN TERR \TQRIES ON Qe NEAR. THE
STRUCTURE S | EVENTum.:..Y ENTIKE COMmMmun 1 TIES
BECOME  ESTABLISHED (Amo T ALL  STARTED
QuT As A SIMPLE BVE-AVIQRAL RESPONSE I ) ‘)
OnNceE  THE CommumiTy ESTARBLISHES STSELF, THEN

COmMPETITION FOR HI1DIN G AND FEEDING S PhacCE

oL w es. EveEM yRALC LAaTER (SEVECAI— mQNTHS)
SOmE  ANtmMAL S AND  PLANTS (mainey ALGAR)
(N ATTHCH T “THE STRUCTUKES AND

ESTABL| Sk THEMSELVES RS REEF RESI\OENTS.

AND  TO THIN
THAT oMLY A
FEW QamTHS

OPEDC KEAL
ESTATE




iiw& &??oswloﬂ THAT THELE .S
SOME QPTI\M KL oOR REST DVESIGN FQR ATTRACLTING

ANMD MAINTAWN ING THE PRIZED Of. HMIGWLY COouGHT
AFTER .SPEc:nEs) INSPIRE S TQOAYS ART\FIL 1L REEF
REsSEAcH

By srTuoving  Edew  seeaics’  RES Ponse TS #
REEF AND TS WAY OF LIVING ONCE O THE
REEF, WE CAN PERHAPS oOnNE DAY KNow How,
(-UHERE, AmD WeEN TAQ Rguild ARTIFICIAL PEEERS

T IMPROVE OuR CATCHES QF PREFELRED SPECIES

QT A MNI AL CasT.

HMOW SrIOULD —THEY
BuiLd THEM ?

Ownmu_ STUDIES ON THE TBVEHAVIOL OF THE
SPECI\ES o~ WHICKH YALZIOWS TISHERIES ARC

RASED CaAn BE REWARDING FROM SEVELAL VIEw POINTS.

TUun PAGE o
ViEw) POOYNTS . ..

Tt

129



Vi€wW POINT #_1_—- thotmn'rtoN o BEWAVIOR,
Can GIWE (US I1MPORTANT CLUES AS To BETTER

wdy s To MANAGE TISHMERLES .

)
VYi€w POINT #‘2 - C.ON S\DERATION oF AN ANIMALS

BEHAVIOR CAN  BE JMST AS IMPART ANT WHEN

MO NG MANBGEMENT PECISIONS AS I N FOEMmMTION

ON TS GRowTwWH |, AGE , REFPRKQDUCTION , OR FECD-

I NG HASI1TS,

VIEWPOINT B3 ~ MANAGEMENT DECISIONS  AND
FiSwi i G PRACTICES MusST -“TRAKE A SPErci1aS’
B HAVIOR INTQ AccaumT, Friwure Ta Da sa
MAY MEAN TDISRUPTION QF -THE SPEQIES’ NAORMAL
AND NECESSARY BENAVIOL AL ACTIVITIES

LAST ViEWPSINT ~ A pprTiondily TAKING A

4
S.Psc.\cs' BE HAYVIOR INTQ AClOUNT mAay PROvIDE A
USE FU L AND TISENTIAL BT OF INFORMATIONM
(TR R Wit. MAXKE TwWE J0€ OF MANAGING THE

]
LY
FiSMERY NaT aNLyY FASIER, |uT marRE EFFAICENT.

LET'S HEAL T FoR
‘mqgﬁ E‘FFlC\EN‘r.'




AND — - -
What REOUT DISEASES AND
OTHER MeAM AMD N ASTY ‘I’Hlms?
[ v]

AQuanc ©RGANISMS  SUCH AS  FISH  AND
SHELL F1SH ARE S\ LAe L YQu AN D ME
WHE M 1T COMES  TO TDI\SEFASES AND INFECLTIONS,
THEY AKE  SUSCEPTIBLE YO A WOt RANGE oF
SACTER A AND  VIRUSES -TAT CAN CAUSE A
VARIETY QF PraSLems. Some OF THEIE PROBLEMS
INQLUDE 4 SKIN \WFECTIONS wwicH CAN (FAD TO
VBLEED ING, €EVE SORES THAT CAN CAUSE RBLUND-
NEJ‘SJ AND Gl ULCERATIOMS THAT AN I1N-
HI8 T  BREATHING ABILITY, ALL pF THESE cAN
SUBSE QUENTLY LEAD TAQ ADDITiawAL PROBLEMS
AND EVEM LOWER AN O&GANISM‘S RESISTANCE

TO INFECT IO Ram QTHE R MEA M AND NASTY

THINGS |

WHAT HAPPEMNED

Weie TT staereo

QLT WwiTww A
SQRE TwROAT - °

ULTimuaTeELYy €vee- PAET OQF -THE BaQOY 13 SuScePTYSLE,
-1



C@AE. KINDS QF ORGANISMS THAT ARE OFTEM
Faumne ON OR w0 AQUATIC QEGANISMS HLE MANY.
COPEPQDS CGQ‘TUQLLY SmAL L CR{(STﬂ'C&'ﬂNS) ALE
OFTEN  TFTOUND ATTACHED TGO THE Gy, SKhiv,
AR FINMS OF FISHMES . BECAQSE’: THEY ATTACH
THEMSELVES QAN THE QUTER SURFACES QF
THE  HOST, -THEY ARE CALLED FcTOPARASITES,
‘I~r°s USURLLY “THE FEMALE COfc PQDSI THAT
ATTARACH THEMSE(VES To THE HOST WiITH SPECIAL
CLAWS ©R L wmBS. "THeEY OFTEN Suck A 81T
QF RBLooD ok KASP AwAY PIECES QF FLESW

Cad I 1€ SEeve AS LuNC.H’

Youa. CAM EASI Ly STE THE CaTaPARASITIC
CQAPE Pabs ON S wme F\SH SPECrE€S RY
LiFT i G THE Give <CaverR AND LOAKING
FOE THE LITTLE FLESH ~CAOLOCRED  ANI/wmNLS
(rsauT Vg il ce an INCHR LaNG) OM

T =E REPDiISH FULERCE QF THE GiLLS
W“‘-"’

EnvoParasives ARE PAZASITES WHICK LWE
INSIDE “THE BOOY OF THE wWOST. RoOUNDwWOEWS
AND THAPEWAEMS ARE JUST TWO GxrAMPLES OF

THESE., THEY AT LI\TTLE BITS OF HOST KAS WELL.
\32.



ﬁ?ﬂ&r FEOm BACTERA AMND v:tu:ESJ AQUATIC
ORGANISMS cAN ALSe BE ATTACKED @Y FunGl.
Twese MUsSH RooMm @€ LA‘_\'ED BEASTS OFTEN ATTACH
AND (G&OW ON EXTERNAL BADY ‘Pn&TsJ ESPECIALLY
THQSE ACEAS THAT AVE REEN PHYSICALLY

PAMKAGED QR PREVIiQUSLY \WWFECTED BY SLACTE®RIA

Of VIRUKSES. |
PN

. ....._“- J./‘. "\;‘_ " \J
PE:

AND —THAT 'S NQT ALL THEVY HAVE TQ
WORRY A BT CRND NEITHER DgQ YOu) BECAKSE
THEY AKRE ALsSo SUSCEPTIGLE TG A wHaLe
MR RAY UF  BATH  EXTELNndL AND I1NTERNAL
PRARASITES. ParasiTes ALE GENERALLY VERY
BMALL QRGAN ISMS THART EITHER ATTACH
THEMSELVES T Q Some farRTiawn QF THE HasT
ANIMAL'S EXTERNAL STEUCTURES sSucw AS
FINMS  CWLs, ar SYN QR THEY ARE

SWHALLOWED AND LIVE INSIOE -Twe wasT. Hecs

THEY mAY STAY orR (DEPENDING ON -THE ExAcT
KING  ©F PARAS)ITE) BuRROW THRAWGH OWT
THE HOST'S INSIDES gwD ENTER INTQ QTHER

QRGANS SulH AS THE LiviE R o, KIDNEYS
\33



(Pmms\-rﬁs) FOR THE mMOST PART, CHAUSE LITTLE
HRRM TO THEIR HOST AQUATIC ORGANISHM. MosT
PRRASITES ARE THEREFOLE CONSIOELED To €&
COMMEMSAL . THAT MEANS THEY GAIN  SOMETHING
FEOMm  THE wasT C R L\eHT LuNc.HH BT CAUSE
LITTLE DAMAGE ark STERESS Ta THE NoST 1 TSELF

However WHEN A HAST BECAMES MNEAvILY

/
{ 'Y
INFESTED, WE OFTEM FIND THAT HUNDREDS oF

LIGHT LUNCHES CAM ADO «P. THE &£rsucT 13

OFTEMN STRESS FUL- ENOUGH TO KEEP THE HoST
FRQAM LA\WING A HEALTIY LiFreE | "rHE EFFECTS
FROmM TS QSTRESS Cauld RE SUBTLE IN  THAT
THE GRAWTH RATE mAyYy  DECREASE QR FEWERR
BGrerS MAY BE LA1D. However, 1IN SQME  INSTANCES
THE STLESS CAUSED BY 7PARAS ITISM CAN LOWEL
THE HasT'S RESISTANCE To BAQTERA ae

VIRUSES, THEY MGHT EvEN INTER FERE wiiTH
A VITAL fUNSTIOM af THeE wastT. Wwen THIS

HAPPENS PEATH 1S THE USukbiL RESULT,

- MY INSU‘M
CQmPﬂNY?

Q ; ’
. ik
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@Rom 1o FASHERIES VIEW POINT WE  wouLd
WANT TQ INSURE THAT <THE PARASITES DonN'T GET
AN “LAPPEKHJ‘ND” OGN THE SPECIEY ((WE'RE )NTERESTED
IN, c}'lE'AV!LV INFESTED MEMBERS OF 4 Frswsmr’
TRANSLATES Ta SLQWSZ GRAWTH, LOWER NUmMRBERS
OF g GS AnvD EVERTUARLLY TO (owWER PRODUCT~
\WLTY (YIEI.-D) FRam -“THE F\SHEKY,

ﬂ LSO TROmA A FISHERIGS VIEW PQINT THE

AsSrPecT O MARKET ABILITY ' S OFTEM An

\MPQETHANT CONSIDERATION. Some PREFERRED  FISW
LK€ GehourPee oR SEA TRAUT MRY  HAVE  PARAS I
CIOEMS IN THE mMEAT. “THE UNAPPETIZING AP-
PEARANCE OF THESE HACMLESS PARASITES mAY
DISSUADE Same OF us FRaAm PURCHAS ING =1 A
ATTEMPTY IN(x TO EAT THESE SPECIES . Snmu.nm.vJ
OLGAMISMLS INFEQTED WirTH PARASITES mAY NOT

Commrne AS HIGH A MARXKET PRICE AS THGSE

FREE OF PARASITES. ’
<PEROAL
? == .2 | TTRADAY
7 . ,‘ o NN - ?ﬂ RASVTIRE
N 1S
; 331 ® & ‘%
9«‘“ AR&Y‘S Fisv STAND
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C[ﬁ-la PRESENCE AMD ABUNDANCE QF CeE€TAIN
DI SEASES AND PARASITES 'S QOFTEN A USEFUL
PreCE QF INFORMATIONM TG THE FISHERIES BiOLO 18T,
"ﬁ-lE CaNDITIQN aF THE EMVIRAONMENT OFTEN CAN
BE ASSESSED BY LoOKiNnG AT TrE DISEASE AND
PARASITE COMD TIANM OF TwWE AQuatic oferamNisws,
GENEK:M-LY SPECIES YEALCFalLy CQEXISTING WITH
THEIR PARAS\TES ARE INDICATQR) of A mMan-
STRESSED EravigomwmesaT, LIHEAM THE €EwWviRANWENT
C AMD -T HERE FaRE 4 rasT)  BeEcames STRESSED, SucH
RS TQQ LiTTLE OXYGEM ogr Tao HIGH A OATER
TEMPERATURE, -THEM “THE HASYT ' S LESS HELE To
TEND ofF jMBEcTIanNS FRanm PESTS. AN IMDICATION
ofF HIGH TIWSEASE R PALASITISMm  SHaueD CAUSE
“S -Ta TAKE A4 (oo AT  WHAT ~“THE JUNDBERLY NG
CAUSE TFTOR THE STRESS M\GHT SE.

Aum-nfﬁ. USEFUL TREASart TFOR  STUDYING  AfLASITISM
ANMD  DISEASE COMNDITIOMS IM FISHELCIES 1S TWAT T
CAN  pMLiow S To IDEMTIFY #A STadK of
PaPuLATION <« THIM A FISweLY. TAcH cawuc
STow. o POfULATION MAY aFTEN BE UNIQUE
M THE  KimD AvD  ABuMDANCE GOfF PARASIYTeRS T
rHAS. /\:ail EXAMPLE ), LET'S SAY A CELCTAINM CafEfaD
PRARAS ITE NORMALLY aQNLY QQUURS oON THE
GiLes af RepeEisH aR CHAuMEL BaSss Fﬂom/mmﬂ?ﬂx

\ 36



fF REDFISH FROm ?GNSACOLA 8;4\( BEGIN T S
EVIDENCE OF —THIS SAME PARASITE WE mMIGMHT
susPeceT A MIGRATIAON oOF STAKS «af REDFISH
FRam ThmPr @ Tensucorn, Tw Awdy, “THE  PIRASITE
BECQAMES King aQf A MNATURAL TAG ©O& MARKER,

WHRICKH CAN AID tN PafuL mTIQON IDENTI FICATION.,

CAM'T YO TOLL-
fTRam THE PARASTES
t - c;‘ﬁ.l&Y:NC’r?

Kuowuucr SOMETHING ABauT THE DISEASES
aNo  PARASITES QF THE ORGANMISMS IN ou
FisveERies  CAM  BENERIT OuR  UNDERSTANDING F
THEM N mANY LORvYS,

@ We canw ASSESS THE REWMTIVE FITNESS
QF THE HOST FlSHJ

&) € CAM  AS3ESS THE RELATIVE SANDITION
F THE  WATER QuUALTY

-~ AND -
@ Wie cAM  PATEAMTIALLY IDENTIFY STAOQKS anD

THEI®R MOVEMENTS .
\37



@N THE FUTURE WHENM (WE NAYE TDEVRELOPED
EMNOUGH  INFORMMATIAMN OMNM  TDISEASES AND FARAS I'TES
(BE MIGHT rFveEn GE ARLE To "CuRE” ) ©OR AT (PAST
LESSEN, THNE STAESS PLACED anN FISH 3Q TMHEY
Can GRauws TFASTER

REPRADuCE wWAQARE AND

” 4

EVENTUALLY OBTAIM A RHIGHEL VYIeELD.

AVA VAN

yer  YIELPIC
ANV



RN’D NOW o€ T[HE SIG QUESTION
THAT we'vye ALL BEEM wAITING FOR®

) ‘Ow MAMNY OF THEM AKE
THERLC AND How MANMNY OfF

T HEM CAra wE o_g LSHAQu LD
v € CATCWH ?
S

ALL oFf THE PREVIOUS WMATELIAL PRESENTED

was ESSENMTIAL AND NECESSARY SQ THAT WE

COuLOo UNDER STAND "TTHE (GBAS!S BEMNIND “TRHE

PRQIECTIAN S OF YIELD. FT-Q o TwiS

L

OR AT LFrAST

SCIENTYFIC,
L

W MusT AL SO KNOW How MMy

L '
PROPaRTIANALLY Haw ™many (oR raw maAny

\bs.) ARE AVAIL ABLE TA& BE <CAUGHT ~Tn ORDER

TAQ TPTETERMINE L] ¥V MﬂNY) WE Wauld FiesT,
However | HAVE TO ANSWER THE QuESTIAGN!

Fai 4
Yo w Yasy OF L-J)-M'T') - Xwm A-THER. <WoRDS ~
WHRAT S TwEe T

Is me 2 ok Geauf wEg
segous ¢ 3
—— WIsH  TQ  MANAGE

139




{
AND T FOLLAOWS *© AS TREe

NIGHT 4T WE Dav,’
THAT OniCE WE VERFINE THE UNIT  "TrAT WE

LS - TC MANAGE —_ wE CAN

PETERMINT TS
S\2E& AND THEN WE CAMm FIGURE QuT
WOw MU N1ELD QR CATCK WE AN TRKE
FROM A

FISHERY, MAYBE
CrOaOD AT "T'\-\IS) WE

OF EFFORT

C\F WE'RE  REAL
CANM

NEEDED TO

CALCWUWLATE THE AmMounNT

OBTrAIN AND mMAINT AN
A CERT AN CATCH LEVEL.

THAT'S A LOT

?-\\3 SECTIo N THEN
To ExXPECT

IS OBVIQUSLY THE CRUX

Of THE TISHERY Bio~
T KNaWw THEY v
Lo | o +
@ can Bo T CFSTS OB ALL THE
./ TRUST ™€) TYPES OF DATA WE

T ALKED RBawT PRIOR
TO “Twwisg wive BE
_ APPLIED TA -Twis QENTRAL
PRaBLEm, We

TAGCKLE T3 SECTION QY.
FIRYT — ADDRESSIMCG: THE PLaBlftws OF DETERMINMNG
TR MANAGEMENT UMIT QR STOLK P
SEcanDd — RXPLOKING (JWAYS TQ MEASURE THE

S\2E AafF THME

ST, AND - -
THARD = SHOWING YOU HMAQw T FTI'WGUlLE QuT THE
Y1EuD WE  waould (of SWHeuld) GET,

("Co-m:t VM HOU'VE STt 1T OuT  Tais FAR - - 3

14O



THE ComncePT OF STock
(A. K. A — Uumur srvock)

e ALL HAVE some oFR  AS Ta  wWHAT 1S
MEANT BY -THE TeERM ' 'STOLk'. Fow EXAMPLE,
EVERYANE GETS A MENTAL PICTURE CHNEN THEY
HEAR THAT '"“THE vERQRING STOLK 'S DECLINING-
Ok "THE  SCALLOP  STOCKS ARE an ~+HE RSE”
TTHERE ARE A NUMBER OF (UAYS GF DESCRAGING
A STOLK RBUT T BE USEfuUL ."T‘Q ws T MusT
RE DEFMINED IN  TERMS  OF TS  ARPPLICABILITY TO
Fismuegies Blatasy, ONE wiaYy T DEFINE THE

AR D STOLK 1§ TGO CALL »& A GROKP aF

Q€ G RANISMS THAY CAN TBE mANbLGED, THA—r‘s FiNE

Buc LET'S ExPLORE WIS Cance?lT FURTHE®,
Giwven THAT THE TERM SToK 1S S
WIDELY APPLIED (moo QFTENM MisAPRALIED) Fisueey
BiaLoGgisTs HAYE COINED A NEY TERmM C(ALLED

pu——
UNMIT STolKK, Il vis s ReEALLY A macks

e ———————
———— P——

EPECACIC. DEFINITION af STACK . la BorrRow

Feow FISHERIES ByOoLAGIS T Tsw\ 2w 0Y —
A unNy T STOLW 18 A | Gerouw® OF TIisk
T HBT TAN BE -TEFATED AS A SINGLE

1y
UMY T FOR. MANAGEMEANT PURPOSES,

i



CKH\S PDEFINITIOM NEEDS FURTHER ExPLANMTION,
"THRE PROBLEM COMES wITH THE (WaRP, lc‘.-ti’.':w.;&: Many
FiSHERES ARE MU LTI~ SPECIRS  FISHERIRY . _Lwn OTHER
WORDS T HERE (4 MQORE THAN ONE KiND oR
SVYVEQ\ES OF FISr COMPRI SING “THRE TISNERY, ‘Foﬁ.
EXAMPLE THWHE GRIUPER TFTISHELY OFF TWHE
SAQUTHEASTERN U. S, comsSisSTsS O©Of AT LEAST
THEEE ANRD PoTenNTIALLY " DOZ2EN DI\FFRERENT
SPEC\E S, GENE'KALL.Y EACH SPECI\ES MHAS 1T S
Qun IS TiNeT BialLaGiChdL TRAITS SucH w“g
GROWTH RATE |, AGE, SIZE, TFToop MABTS,
AND REPROOUCTIVE PoTEnTIRG. However, 1~ THE
CASE QF THE GRMPELS, THEY HAL. OCculk And
RRE CAUGHT TOGETHER AND THEO®R  (\FE
HIST oY FEATURES ARE SIMILAR ENOUGH TO gkH
OrHER T HRAT THE SPECI(ES CH M BE MANMGED AS

K O UNIT, As T TURNS QuT vT wouLd BE

r
ALmasT 1MPASSIBLE TQ MANAGE EACQCH SPECIKS
SEPARATELY ANYQMY!

SQ, IN SQwE CASES, B U T CAOQNS\STS
QF SEVELAL TDIFFERENT SPECOIES. Hawever,
Some T i mes OME SPECIER MmRv CanNnsisT OQF

SEvVERAL MANMGEABLE UNATS,

Con Fussn ? — READ aN —:>

\“2



ﬁas»ceev BIOLOGI1STS CanNSI1DER —THE LimITS QF

r sTock ((OR uNiT STock) FRam A

gusis, Foe« EXUMPLE, SQMETIMES A  GRAUP OF
HAVE TIFEERENT

BIQULOGICAL

IN A TFISHERY MAY
TIWFEFERENT PARTS aF

INDIVIDUALS

LAFE RISTORY TFEATWUKES 1™~

TS RANGE. LET'S SAY A  SPECIES OF SNAPPER

OFF Migmi G ROWS FASTER AND REPRADUCES AT

A YOUNGER AGEe THANMN DAES THE SAME SPECIBES

PENSAcaLA. TFor MANAGEmMENT
DIFREREMT STRATEGY o Pacicy mAdYy
THE DDIFFER ~

oFr ¥ PucPazsEs A

SLIGHTLY

HAYE Ta TBE ADAPTED ’Beénuse OF

ENCES N BIOLAGr I, FEATULSG S, "rHERE FORE

THE Midgmi GRouP mAr BE -TREATEYD AS A

UMIT  STOoQY AND THE GLOUP OoFF TENSWACaLK

ANOTHER UMIT ST K,

Midwm1 Guvys
THINK THEY 'RE
Pee~Ty HOT StvwuefF]

AMQTHE& YRQ’LEM T H UniT STOCK, 18

DETECMINING 1TSS GEQ GRAPHICHL  Limi TS,
-3 '



F—ISHEﬂY BIOLOGI\S TS HAVE TOUND VT BSSENTIAL
TO DDETERMINE THE LIvmiTS QF A UNIT STOLR O™
AT S NATURAL GEIGRAPHICWL. RANGE WS WwWELwL.

FOR  ExameLE A FiSH SPECIES DoEIN'T STOP

3
o’ STALTYT ITS NOKmAL TDISTERIBuTigN AT

THE Norg+ H Cﬂqoureﬂ — SouTtH Cﬂgdf_mn Bngps_g.’
MANY ©oF THEM Do BEGIN Of END THER RANGES
At Care Havreras  (oBviousiy THE GuiF STREAmM
1T 1 TS UNIQUE "TEmMPERATURA ﬂF.FECTS THEIR
DISTRIBUTION 1N THIS AQGA)

TISHERIES BIOLOGISTS USE NATURMWL O
ARTIFiCciat.  TAGGING OR WWMACKING DEVICES TQ
DeTeEmiNE THE LiMITS AND Si2ZES  OF UMN)T
sTacws., We've ALLEAOY COVERED THAT PART,

FROM HERE AN WELL USE THE TEEM
STOLK WHEN  WE KEALLY MEAN UMIT sTock . Kewewser

S p——

A UMIT STOY 'S A GEAUFr ReCOGNIZED TO MAKE

MANAGEMENT TASIEL AND MARE ERFICIENT. “L1'S Al
PART OF @QufR God TGO BSSUCE MoOLE FISH FoOR

FUTuUak GeENELATIONS,

\“y



(JHAT AFFECTS THE S12e orR
Num BEL OF FISKH N A srou(?

FoR FISHERY PURPOSES THE -—TaTAL NUMTER
OQF  FISH O©OF THE K\ND («(JE'RE INTERESTED IN
'S NOT NECE SSARILY "t"Hc. SAME AS THE
NUMBER GF TFISH IN THE ¢TtacK. “THE Reason
FQK THtS = S THAT A FISH 1S NOT COMNSIDERED
Ta BE PART OF -THE gTasK UNTc T BECOMES
CATCHABLE, L~ OTWER WORSS, A FISH -TWAT 1S
TAo SmALL T BE CAUGHT witt NOT GFFICAL-
t-Y Tw THE STagwK UNTY T GROWS LALGE
ENOWGEGKH T BE CAVGHT A ST o THEN 1S

RealLLyY A GRouP OF DRGANISMS THAT CouLd BE

C ARG WT

i, YOow'eE
Tao Smawnc

L.avreER (WE'LL EXAMINE SOME WAYS WE
CAwm PTETELCWMING STOC W SI12E duv €S T LET 'S
ST e WHAT Fdactyaors CAam IMFLUEMNCE TwWe SIZE

OF A sTOoCw,
\4s



iﬂ FAGuRE % THERRE 1S A LARGE CENTRAL
BOx _(-n-\e. OMNE WiTH THE FRINGE) wWHICH REPRESENTS
THE ABUNDANCE oRf SI2ZE OF A STOWK. | HNERE
AR T A COUPLE OF THINGS G IO CANM EITHER

LEAD —ToO A LARLGEL O’ IMALLER. STALK,

TIRST “THE INCREASERS |
A FISHERY STOCK. CAN INCREASE OMLY

THRAOUGH RECRUITMENT. WHEN A TISH HAS TEEN

RECRu 1Tewn INTO A STOOW THENM 1T BECOMES
PACT of THE Fisreey  (THaT s ~ Now TS
POsSsS 1 8LE TO C-.ﬂT'.C.H VT & YQw cﬂ~|>. Twees
ARE 2 wAYS A Fi1Sw QAN BE RECRUTED!
i) '3\( GROWING LARGE ENOUGH TQ BE
CAUG T, AT SvroueD BE NOSTED THAT A
STOLKK. Cax INCREASE IN NumsgtrR 8Y
PRODUCING MARE VYIUNG WHICKK SUEWVIVE
A ND GRow  Ta A S512E LARGE ENQUGHM

TA BE CAUGHMT, HEnc.s,. REPRADULLT QN

PLUS G RO WT Rt CAM (E€EAD TG AN INCREASE
F sl THE STOC v SIZE,

AND

L) VY \WMMIGRATING INTQ TWHE AREA

WHE RE  -THE STOoSw '3 LQUATED

\ MG
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AND wow Tor THE TDECREASES'

STotK S12E CAN DECREASE T HRAWSGH

TwWo  MEANS  AS wELL :
D) BY moving OuT of THE MKREA

WHERE ~THE STOCK S LecATED (BeETree

KNowWwn AS E M\GR&T:OM) THE OVELALL

EFFECYT s TO REemavne DR RKEDUKCE
THE NUmMRER OF NBivIDWA LS RYAILABLE
TO BE CAUWGHT.

AN

2) BY SOME O0F -THE IMNDIVIOUALS 'DY|NG-’

As sceNn n Fieure 4. —rHECE ARE Twy wAyYS
AN ORGAMISM CAM Tie, TTcan D€ A NATURAL

PEATH VY WAy o oy Ac.€, "btsﬁnsa, ENVIRON —

MENMTAL  STRESS , OR PRECATION., LEATH BY wAY OF

NATWRAL CRAWEES 1S cALLeEr NATURAL Mo ALty

1T CcAN ALSe IR AT THE  wWANDS OF WISHERMEN,

RECAUSE OF BEING CAWGHT. THIS TYPE QF DEATH
'S CALLED FTIIySH MG MR TALNYY. 'rHe TOTAL
DEATH (S CALLEDS JOTAL WMORTALITY Anp (T5
THE SUWM  aoF MORTALI\YTY Due Ta NATURAKL

CAULSES AND FISHiING PRESSURE,

NavTuna o FisHive

TO'\“'ﬂL. MG&TﬂLITY - MORTALITY MaRTAL.

\48



AS YOWU CAW GUESS WHEN MAN\&GI\NG- “ F-\.';HEQY‘
1T MAY QBE DIEFICULT TA COMTROL ANYTHING
TABOUT THE FACTORS  WHICH AFRECT THE |INCREASE
OR TDECREASE OF A SToLK EXCEPT  TFisWiNgGg
MQOETALITY, T HIS 'S BECAKSE 1T'S HUuwANLY
POSSIBLE T CONTROE FISWiING MOERTALITY BY

CONTRGLL NG FTISVYUuNG EFFORT CEWHE& ®Y

AMGCUNT QR EFFICYENCY ,> .

AT's PassSIBLE To canTRAL GRAWTH , BEPRADUC~
AND NATURAL wmakTALITY (BY WMANAGIN G

ENVIRONMENT ) BuT MAST MANAGEMENT TADAY

RELIES on MANAG NG BY wAY GF REGULATING

FISHING € FFORT

AND CTTHERS- -

V44



LIHY Xwmnow -—rTHE S12E oF A Sch.\(?

LY

ORviousLY § WE WANT o  CATCH  MOLE
s \T'S GONG TO B8 EASIEL TA CATLK THEM
WHENM THERE RRE MORE QF THIM 1IN THE STOIK,
So 'f WE KNOW THE STocK SI12€ WE SWNOULO
Kraotd oW MANY WE  COuL D EXPECT TOQ CATEH
g, (If WE'RE TRYING TO MANWGE THE FISHERY)

How many WE  SHoulD caAaxews. ALse ¢ we

CAN RECOGMNIZE CHANGES Im  STALK. ABUNDANCE.
WHETHER TS Aw INCREASE Gk DECREASE) 1T MIGHT
Be POSSIBLE TO FIND OUT  (WHAT CAUSTED THNE CHANGE.
T+ MiGwT mEAN CONTINWNG TO do  WHAT WE WERE
TOINMG 1F THE STOWW 1S INCREASING Q2 MAINTAIN -
ING VTSELE. LT CouLt ALSO MEAN CHANGING QU
FiSHING NARITS W THE  STOOK 1§ DECLINING.
UE ARE ALt INTERFSTED N MAINTAINIV G
THE  AVAILMBILITY OF Qur. TFISHERY RESOURCES
TOorR. FUTURE GENERATIONS , THELEFRORE N OW IN —

ST A Ss1ze 'S ESSEMNTIAL " WE ARES. YO

ACKI\EvVE -“THIS GOQAL .,

&

ard ’
S S T]

N

THE \NCREDISLE SHOUNK NG IX
BL SO THEATYER

\Now sSHowmNG - < _ T~ _ -

T HATE
Mook

fiLms
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(JAYs oF ESTIMATING StocK SIZE.

BEFORE WE  GET TO THE ACTURL METHODS
WE NEED To RVE AwnarREe OfF THGE KIND O+ DATA
We'LL GET MasST METHODS GIVE uS A MEASURE
OF STOLK SIZE -THAT 1S RELAT\WVE ONLY TQ THE
SPECF I M'E.Tﬂﬁb USED SO WE <CriLL THIS
RELATWE ABunbnnc.é__ An ExAameLe THAT
WiUSTRATES RELATIWE ABUNDANCE  wALLD BE IF
A CERTAIN GFAL TYPE , SAY A GiL NET, WERE
USED TOo GCGATHCOR STocK S12E DAYAR THEN THE
STOCK ESTIMATE COuLD ONLY RBE COMPALED TGO
OTHER E€£STMaATES USING THE SAME DATHR GATHER-
NG wETHED, AS T TuRNS auT, MOST METHEDS
WHICK ESTIMATE STacK ABUNDANCE AcTuALLY
YRAVIDE "EQLAT‘VE.' RBUNDAMCE €STIMATES.

TF THE ABUNDANCE ESTIMATE 1S SomEHaw
STANDARDIZED THEN WE CaulDd SAY WE HAVE
MEASURED TrE ABSOLUTE ABUNDANCE af a
STOCK . A’GSQLLWE ABUNDAMCE ESTIWMIATES RKARE
USURLLY DFERWED FROMm RELATIVE ESTIMATES BY
ADIUSTING- THE TDATA N TERMS aofF Numger g
WEVGHTY) PER SQUARE mETER (AR ACRE, af
HECTARE, o©f SQUARE MiLE , AR SQuARE FoaT ar
EveM Cu8ic FQoT ge GALLaN f;rc_.).

\S\



OK? SQ NOwWw A BLIEF Summdey OfF THE

WAYS T E€STIivMHATE STALK ARUNDANCE |

@ FisHinG Suevevs -

THIS METHOLOD 1S USED A LOT WwWhTK

T RAWIL. (AHD OTHEL TYPES OF NF_'T) FISHERIES,

BAS::AL.LY) You CANM GET AN ESTIMATE OF

RELATIVE ABUNDANC E Ry RECOROING THE C‘.&‘T’C_H)

ALE A OF CAPTULT AND AMausT QF TwE

SPEMT <CATCrOING,

@ Visunace Suevews &

SoMETIMES WE AN GET AN ESTIWATE

OF STaocvw RARRUNMDANLCE BY
FELOM

COUNT IN G- EiTH E .

AN AMRPLANE (m THE CASE OFf

WHALES,
TURTLES, Of

SULFACE X ScHOQLING- 1=|.SH) oR.
unDERwATER FRom A SCURR m©Dwee,
OR SUBMARINE. WHEW

CAMERA,

SOMmME FISH ARE EXTREMLY

NUMEROUS, AN ESTIMATE 1S mMADE QF PART af

THE ST oYK AND “THEM EXPANDED
THE ENTICE STOLK.,

TQ REPAESENT

e

ad
-y
THIS METHOD 1S ...L

ESPECIALLY Gaop on REEFS /\\,

\S2




© Acoustic Surveys:

Tws 1S A RELATI\VELY NEW mMeTHAD T
TDETERMING STALK S\2ae AND VT BASIGALLY MAXES
U8E O©OF THS REFLECT \ON OF UNDERUWATER SOQUND
( someTranes LiKe Somxg). ESSENTIALLY (WHAT
HAPPENS S A SOunD wWAVE 3 PRADUCED AND
THE ECHO 1T MAKES WHEN T STRIKES A
Savoa g FISH (Q: QLA SranNALLy A LARGE
INDIVIiDUAL ) Alkaws  uS  Ta GET A SAQUND
“PreruRE” OfF TwHe mNumBgr of FisH. OF coukse
YO HAVE To CAL\Bf.ﬂT'E. THE APPARATULUS TAq
CHECK OUT (UIALLY  WiTH A GOSD OLD FASWION
NE""D'SULSTL.JHA’T KiMD (AND APPRAXYMATE Sl'ZE)
THE FI1SH M THE SCHOQL REALLY ARE.

- =\ SENDER
W —— e S P
REC.EIVEL x—t
: -

Trs REALLY QWITE A Good MmMEeTrHab  BuT

-t
““
- ok,

T WOoRKS BEST WHEN THE ScHaoL S A FEw
mMETERS OFF  THE BOTTOMN oR AT SaQmE DWSTANCE
RELOW THE SULFACE AND THE SCHOQL CONSISTS
MAINLY OF OmMLY GNE  SPECES THAT ARE THE SAmE 5)ZE.

1S3



@ 6o and LAGvVA L SuRvey :

BY SURVEYING THE NUMSER OF EG&GS
ANY  LARvAE ™M THE (JATERL 1TSS PaSsSI18LE TO
SET SOME \©EA ©F THE STALK $12E. THE
LOEiC  BEHINDG  THIS TECHMIQUE 'S THAT] THE
MO EG @S AND  LARVAE OuT THEEE THEN
.o THE  MARE ROULTS AN THRE STacw To
PRODULCE "rr-tfm_;o&'mr-_oPPns‘-re me— T HE FEwrR
THE EGCGS AMD LALYNRE, “THE SMALLERL THE STRLK
('T'Hts METHQD ALSa GATHERS DATA (werhaW CAN
BE (QS$€E FulL IN PREDICTING THE SI2E aFf

FuT URE  STOCKS Mg uﬁu_'fs.

@’Tnecﬂma— StTuoies ¢

By PLAaciING A mark ok TAG aw
A GROUP OF FISH  WHEN -THEY (WELKE FIRST CAP-
TURED  RELEASING THEM, RESAMPLING THE STOCK,
NOTING HOW mwuNY OF THE TS T GRou? (TAG-
GED FiSH) WERE AManNs THASE IN THE SECOND
GROWUP "nND DAV (- [ FEW caLcuLmTIanS WE
can €asiLy (7) DeTeRmINE Twe Si1z€ OF A STocK, Jws
METHOD WORKS WweLe Iy LAKES AND PONDS AND
N ESTUAERVES WHERE THERE v s NS A LoT OF
.C.HANGE IN THE STo(K S\2e DPUE TO mMGAATION OR

TE AT,
| 54



—rHESE. ARE “THE mMATOR wWAyvs WHICH FISHELY
BloLowiSTS  USE TO DETE/MmINE  FTOLK SiRE. As
YOU MIGHT \MAGINE, THERE ARE ANV mMarE RESIDES
T HESE, "THE METHOD  SOMETIMES CHAOSEN 18 QFTEM
DETERMINED BY A NUMBEL OF FACTAQRS wWwHILK

WLSUdLLY WE HAVE NN CanNTROL OoveER LiKe:

I ]
SPECIES TYPE, REwAviak of SPECAES, AMGAUNT aFf
FUMDS Ay A L ABLE AND NUMBER- oF PEQPLE ALound

Ta HEL? YOu .

AN::"rHEZ. ) BUT SLVGHTLY MORE SQPHis-nc.AT‘Eo,
WAY QF ASSARESSING THE RELATIVE 5126 oF A
3TacK IS -3 4 LOooOW NG AT THE RELATION 319
BETWEEN  THe Si2€ of TWeE cater (of Yiews) Flom
A FISHERY AND THE AMAUNT OF EFfFORT WSED
To  OfTAINR THE CATCH., T 3TANSS TO REmson
THAT WHENM “THE FISHING LEveEL \S VERY Low
(SAY  ALMAST 2€R0) THEN THERE wiLL 8E ALmasT
NG chRTow , ALSQ WHENM THE FiSHING EEFORT 1§
EXTREMLY HIGH THERE WILL BE A Low CATOH BECALSE
OVER F1SHING  ( M1GH EFFoRT) LEADS TO DEPLETED
STOeKS., HMOWEVER, AT SOME LEvEL THERE  SMHoulw
RE JUuST ENOUG EFFORT To GET THE mMAXIMUw

YVELD <FROmM A TISHERY, ?Loﬂ"rmu- CATCH
VERSUS EFFORT 7 CALLED A gQHMEFgf.. MQDEL__—

185



AND T LOQKS LivKE T S

CHECACHTED DI04 Py
\ EXPECTED Yime L

Qo o
60,00 CATH ErroXl
§0,000 | . & porx MGIWEN
. : YEAR
Y000 1 . S y

CA7TCH

g
20,000 1 ¢/ °

/0,000 - \

L L] T ) 5 L]

1o M 3o ya SO
EFfoT

T ®uow  ~THIS 1S a BT CONFURSIMG BuT
V€ Youw THINK ABouT w1, 7 snT MosT v4aTr
ON CATCH vERS«S €EFFarT (THE ©aTsS ow THE
GRAPN) FORM A RATTERN SimicAaR Ta THE ONE
A BOVE, ’Igv VoG K LITTLE CALCULATING ITS
POSSIBLE TaQ FiIGUes ouT ECIiTHEL ) WHaAT'S
THE mMmAXIMuUMm Y!E‘L.b WE CAN EXYECT FRaOm THIS
FISHWERY OR 2) GWHAT'S -—THE E€FraoT NEEDED
TS MAINTAIN  THE HIGHEST YIELD FRam THE
FISHERY ar RBaTH 1) +2), TTHIis TYPE O©f
ANALYS)S CAN ALSO BE ULSED T TELL WS F
A FISHERY 1S BEING OVER FISWED OR UNPER-
FiSHED., LT'S A PRETTY GoOaD METHAD TuT

ITS ACCUgLACY DEFENDS o BE NG AGLE Tg
\ Sk



OBTAaI REL\AGLE INFOEMATION ON CATCH AND

EFFORT SROM -—THE PARTICIPANTS IN THE TISwWERY —~

MBINLY YOU AND e,

"t AND Oomn TUESDAY T cAUGHT
300 M LESS ryyan AN Hau -
USING onLy my SaRE wanos, Ano

Dom'T You Wwaw 2 - ONE whAS THE
WORLD REcokD . AND ON Suno-w..,j

r

NwmSBeER oOF

FIiSHERMENM

@Y THE WAY EFFOK‘T IS MEASURED IN 1&.‘-’ﬁ\¢\'¢€&ﬁr~t'l"'W

wavs IN TAGHK  FISHELY . Somr—:TumEs TS THE
Ok THE WEIGHT aof BaAaTs R THE NUMBER OF

LLcmcr AS THE ™NUMBELS ARE ACCURATE

:];\..

HOOKS wseD QR T HE NUMBER Oof BaoATS

eTc. T+ €eALLY voEsnT MATIER AS ‘5

AND CANSISTENT,

\S'7



THEKE ARE , OF COURSE, WANY OTHER WAYS
To DETERMINE ITOLK SI12E (AND EVENTURALLY Yi£L0)
BUT LET’'S LSO K AT ONE OF THE WMETHQDS THAT 1§
MUSED '~ FISHEZIES FOR W ICH We HAVE GEEN
A8LE Ta o®TAWN A LOT  oF BiowoeicaL DATHA,
NAmELY — THE Dymnnamic PoarL Mooed .

REMEMBER THE DIAGRAM 1N FiGueE \4.(9'«;5&
HERE FOR A wameEMT To GO BARAK AND Loaw AT rf')?
ThE Dynamic Paor mMETHOD MARKES WSE OF THE
RELATION SHIP OF TFALH OF THE FACTO LS RESPONSIRLE
FOR AFFECTING  STocK ABunoanceE, (WHAT A FiswHeey
BioLoeisT DoES 1S BREAK DowN EACH ©F “THE
COMPONENTS INTO SMALLER COMPONENTS, DESCRIBE
THEIZ RELATIONSH? VIATHE MATICALLY SUBST)ITLTE
=EnL DATA INTQ THE EQUATIaN AND "THEN SALVE
T g

We. COu.LD REWRITE Tiguke ‘4. AS A marH  EQua-

TION L

STocK = GROWTH + REPRODUCTION + IMMICRATION
ABUNDHNCE
- EWMIIGEATION — NATULAL. MORTALITY

- FISHING MORTAL\TY

ALL WE WouLd HAVE Ta 08 18 GATHER DATA.
O EdciH QF THG ?Ag'rsj PUT THE VALUES IN, AnD SQI..VE,
| $¢



OR WE COULD GET fEAL FANCY AND CALCULATE
THE YIELD WE CouLd EXPECT FRAM A FISHERY

AS sturan v HawtT vin:

U,
Y\Gu\) = FR exe ("“M (tc_ - tr‘)) L")m Z [ F +M+~nK-J
[exe (- (nx (¢, — 2, 0] [i-axe (- (FeMenx)fe -2))]

Re;nx, ALt T WANTED Ta DO WAS \MPRESS
You.\ TRACH OF TwWE LETTERS. REPRESENTS SamE DATA
ON THE LifFE MISTORY QF mMEMBELS OF THE FISHERY,
T+ Looxs veeY ComflEx BUT 1N EBALITY 1 T'S NO
MOKE TDIFFICULT Ta UNDERSTAND (om.c-. You ¥Ynaw
WHAT  ALL THE LITTLE LETTERS STAND  FOR) THAN

Fireus 9.

Tran I

GO\NGG TO
B S

Using Thwe Dynamicc Toal meTwHao REQUIRES
LoTs OF DATA AND T KAS TO CONSTANTLY RE
WUWPOATED ., Auruou.c,-u T MAY 8¢ THE wAY TO
CALCULATE  YIi1ELD oR STowk SI2E 1T 1S NoT

USED TOO OFTEM TECAUSE OF THE REQUIRED DATA.
1 89



- " AND NOW  THRT WEVE HeARD THE REASONS
WHY , THE HAw's | AND THE WHATS ABOWKT
FISHERIES BiIoLaLY 1"T'S Tvme TO DikecTLy

“ODRESS FISHERIES Manmace mMENT

E)\E.FORE WE UNDERQ TRAWE TTHE MANAGEMENT ©OF

ANY F\SHizYJ INFORMATION ABdouT TME FISHEKRY,
IT S PARTICIPANTS | AND THE SPECQIES wusT ge
GATHERED. IMms nFO&mATion (Of DATA) $HOULD

INCLUDE MOST , IF mNOT aAaLL (AND SOMET\MmES A

BT mMoORE), OF THE ~TYPE OF DATA WE'VE ALLEADY
TALKED ABOuT, ALL OF ~THE INFOLMATION THAT
PERTAINS To THE FISHERY (AND TS ENvVICAVMENT)

SERVES AS A DATA BASE TO DETECMINE

(M F THE FISHERY NEEDS  TO
_ BE WMANAGED,
@ ¢ THE FISNERY ©Daes’NT N€ed
TO BT MANAGED, Qe
@ \¢ DATA age TOO LimiereEw
TS EVEN DECIDE WHETHER T DOES Of NoT,

1 0



ka-\-'s A S SUME THAT THECE ARE ENOUGH DATA
AMD T LOOKS Livw < HE FISHERY NEEDS Ta BE
MANAGED — NQW THE QRWESTIOM RnEISES
WHAT mANAGEMENnT FPLAM o
STRATVEGY SHawLp EE useo?
— VBur IN oRDERZ o MANAGE A FISHERY ARND

CHOOSE A STRATEGY, A GORL (oR GoALS) Fog

EACH FIASHERY (0& STaCK wt-rm}q A FISHEK.Y) SHouLD
B gstadLisHED . (Gouis WiLe vALY ACCOROING
TO THE SPECIES ; 1QLATIONS AND CAQMNDITIONS
SLRALAUNDING THE FISHERY . Some EXAMPLES
or GoOdaLsS ARE ¢
(0 TITNCREASE  THE  STANDING  STaK,
(b) MAawNwTAIN  THE STOL K AT TS
CURRENT LeEVveL N A CERTAIN AREA,
) TAnceeAse THE STOCIK aQF S‘F"EC.!ES”XI.
But 'b'ac:_‘ge:ﬂ"ss. THE STocK Si128 of
SPECIES ¥ INn A puLT)SPECHIES

FISHERY.




@AY BacK HNEAR. THE CEGINMING e TS
BOOK, THE CONCEPT or OY (‘-‘-‘ QPTIMAUM Y\t-:l..D)
WAS PRE SENTED., I3ASICALLY T PMEANS ~THAT
THE GOGALS OF FISHERES MANAGE MENT SHAQULO
NoT ONLY RBE TDWRECTED TOwARD -THE BOLAGIaatL,
ASrPeECTS oF A FISHELRY BuUuT SwWoulLd INCLUOE
MATTERS DEAL ING- LQVTw ZCcaNami AND Sao<i1Adl
Csvsn Poumc.m..) ASPECTS sS L.Jﬁ“..'fHEﬁEt:c::eJ
GOoRLS CAN RE DESIGNED .-'ro 1M PEAVE

ECaONamic AND Socinl ASPECTS oF A CoOMMuNTY.

ANQTHE?. POINT  WoTH CONSIDERING 'S TWAT
GOALS (AND CONSEQUENTLY, STRATEGIES) Smourwn
BE BOTH  SHaRkT -—TeERM ( FOR ~THE |MmEDIATE
FUTULE) AND LOMNG TE’w ((Fo THE NaT So
IMMEORTE vaue.e.). So THELCE FOLE LWHEN BST~
ABLISHING GOMLS, TS 1MPAETANT TG CONSIDER
THE TIvVME FE€AMES AS THIS CAN  HAVE A SIG -~
Ny FILCANT INFLUWENC G oM THE KIND QF STEATEGY
CHOSEM.

FooT NOTE: GOALS SHAWLD BE SET RBRUT ALLAWANCES
MAST BE MADE FAR THOSE WUKFORSEEABLE YET

IMEVITABRBLE CATASTEQPHIES THAT NATULE

(o gcaomomic AMD sSaciAL c:tc.ums*mazc.:s‘)-

PRAQVIDE l.

V02



&FTE& THE  DEcsiam HAS REEN MAGE —To
MANAGE A FISHERY AND ”B Gon. (ofR GoAaLs)
HAS BEEN SET, FISVE ' Es BIQLAQGISTS THEN
TECIDE ON ) MANAGEMENT STEATEGY THAT

" L

(GO BEST AC HIEVE THE GORAL,, C%Y THE  wAY,
ALL O©F -—THiIS HAS RVREEM DIAGRAMMED AND

SUMMARLIZES IN Troure 5

FIGWRE S 1S ANQTHEL
WAY of LOQOKING aT

j FIGURE S_L @
N

S*‘l"ﬁﬁTEG—\ES OR OFYTIONS CAN N -

VvAaRY ANMD CeERTANLY THE &E AL RS mAnyY AS

THERCE Aee i1 SH ™™ O THE SE.‘A" Rt Eelcow Tve

TRIED T&O SUMMARIZE AND ORGANIVZE THEM,

One musof WAY  TO MENRBGE of CONTRaL
A F\SHERY 1S TO  INFLWEMCE FlSH:NG- PRESSURE,
TIiSHE®RY PRESCURE S USURLLY OF TwWwO GENECAL
TYPES @ ikeerT — WE CAN DIRECTLY  INFLU -
ENCE FILHING PRESSUKLKE BY USING SeEvERAL

VAETHADS WHICH I1MCLWUDOE ~ CLOSED SEASQN,

CLOSED A¢.€A) LiyrT 1NGr eErv RY SY RELTRICTY ING—

THE NumBER OF TFISHEKMEAN R BadTS, CONTEILLING

GEAR  QF ESTABLITHING CATCH QUOTAS. "Tre

OVELALL <€FFECT 1S TA MANKRGE BY DILECTLY

ConmrRaLtinNG R N FLUWLENCING FiSHhinG PRESSURE,
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@ INOILECT — Wwe cdM INDIREQCTLY CONTROL

FISrOING PRESSURE BY TAXING FISHECMEN o0& BaATS

J

Ok GEdL ARETIFIC Ly INCREARASING QR DECREASING

COSTS TO FISH,  REDUCING DEMAND FOoR ¥I1Sw  pPra-

DuCTS OR OFFERING (o&. 'D\scc:\u.ﬁ.ncfma-) ALTELN ATI\WVE

SOUKCES [}~ INCaWE, USmc:— T HESE METWHQDS
Puts INDIRECLT PRESSURE O™ FISHERME N AND 1N

TULN, AFFECTS IS HING PRES SURE,

A SECOND ML Qe WY “TQ WMANAGE " FISHELCY
'S THROUGH —THE USE ofF EnNviIcONmMENTAL
ComtRarS Anp ConsegvaTran. Manacement

QPTIANS HERE |NCLUDRE : HARITAT mPRavEMBENT

( FOR EXAMPLE ~ BUILDING RHRTIFICIAL REEFS aQr

REDUC IN & '?cz-e.c.u'ruan)) 1S FARKWmIN G (AQuAC.uLTutE_l

STOLKING , OR BLEED ING.

Pl
—

Tl BET TWHERE ARE
PLENTY OF STHER QPTIONS
THEY'LL THINK QF 1N
THE ~fuTuRE

MOST MANAGEMENT

PLANS caLL. TFall
US NG ONE OR MmaRE
OF THE AGavE OPTIONS

\ M



(RE ")GﬂTHE €« DODAaTtn

W AS
EFFECTIVE]

' v

| MPLE mMEMT
STRATEGY

Tweuee 5 — A Diaceam

INDICATING

THE PATH WAY THAT DEVELQP MENT
AND T PLEMENTATION aF FISHERIES

WMANAGEMENT SHAOULHL FoLtaw,

\bS



@vEN REFORE A STRATEGY -3 ADOPTE D

AND PUUY 1NTO  EFFECT FASHERIVES "Br\OLoG\8TS

CARE FLLLY DEBATE ALGEUE AND THEN TRY

TA CALCULATEC WHAT TwE RESULTS oF )
W POS ING A PART QLR STRATEGY e GE.

EveRY STRATEGY CAN BE EXPECTED TO HWAVE
BT PasSITwE AND NEGATIWE ASPEFCTS Ta T
AFTE®  ALL THESE ASPECTS HAVE RBEEN CAN -
SIVERED; —TwHE STRATE(Y ' S IMPLE MENTED,

THAT'S €4SI1€ERQ }/FS, 1T '§ eASIER
anti

SAW  THAM D SAe THAN Dane Lets

FACeE T —~ 1§ ®W  PauCY

_ ’ ' S MOQPTED ANY NQ ONE
V (oe ALmost wNo oua) GOES ALONG
L 1T H \ T, TREN THE FISWERY SUFrraes, I—r 'S

dLsoe , ‘T"HE.M, THE JOR o FISHERIES B \Q&L0G&GISTS
To woRkw CLOSELY WITH THE PEQPLE IN  THE

COM MuUMAITY SO THAYT REASONARLE AND

APPROPRIATE MANHAGEME NT  PALICIES ARAR ADAPTED,

IS THAT
ALt THERE
VS To T/

S

C“"T QWITE - -}
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@uca A STRATEGY \S ADOPTED AND
IMPLEMENTED THEN “ C ARE Fus - ”oulfO&lNG-
PROGRAM s ESTABLISHED, “THiS mEANMS TeiAT
ARDDITIONMAL Darna Wit BEe GATHELRED TS

Q) RE-EvALUAT & THME  STaTUS
QF THE FISHECLY,
@ Drveemine 1P THE STRATEGY
WRSs EFFRCTIVE,
4 mne
D susceeEsT CHAMNGES M THE
MANAGEMENT PLAN  TO PERWMIT —THE

Gones TS %VE ATTAIMED,

THEN DOES

THIS PLacesS
END D

NQJ VT MNEVER DQES.]

Ou& Fisvmeey | LESQURCLES wine REQUIRE
CONSTANT STUDY RND MANAGEWMIENT 'F o Wwe
ARE daLL TQ GET THE mWuXiMmuwre RENEFIT
FRO M  THERM, I‘r 1S HOPED THAT ARBETIEL UNDER -
STANDING OF THE FISHECMEN 'S CanCE NS
|Y FisvrB e gy BiawadiSTS B D Y FISHELMEN

|7



LEARN ING - ARQUT FISHER IES BVIDLOGY + MANAGEMENT

Wwite ENCOURAGE A COOPERATIVE EFFORT Towagd SoLv-

ING  QUR PRESENT. FIQWERIES PROBLEMS MS WELL MS

THE PROBLEMS SURE TO COME ALO NG IN  THE

FutTufr,

- L35
m LEARNED A LOT
—

\‘4 -

AND REMEMBER |

WE'RE  dALL 1N Twis

TOGEETWER

¥

P.S. — IF YO WANT TAQ LEMENM MQKE AEQP

FASHERIES BiGcoGy, THE REFERENCKS (‘BQGK'S AND

?ﬂPEKS) L\STED ON ~THE NEXT FEW PAGES

SHOULD HEL? You outT ., CHeEcrk Youd Lach L

_L.\GRMLY‘ ALso '\ You HAVE ANY QuESTIans

ORr MEED A BETTEL ExXPLANMKMTION SEE Yaouer

Locw L FISHEZ\ES BIO L Q18T — TwWEY

WANT  To HeLP. %%ﬁﬁ

| &8




Some PEOPLE WHO HELPED wmE «wWROATE

T HIS ‘Raa ANO wHA T woutd LIKE <o

ThanK S

Agmano Annan, Gene Nuramuras, B.7 Purnam «

BoR SHieP FOR SHOWING WME THE NEED Farl SucH

A CBooKr,
Tim Bonw s, Tim Zusar, Terex Leary, CoLin Mooke, Karen

STEINDINGER Uﬁ\’ﬂﬁ Swmcﬂ.e FOL SUGGESTIANS

AMm WHAT SHOuLD BE INCLUDED Of CEXCLUDED FRAM

THE COMTEMTS)
Pase Conmacty | ProoY GArGAM =+ THE STAFF AND

FAcuLTY AT -THE UNlVEﬂSITY COLLE'G-E DuGLnN,

T RELAND FOL THEIR ADVICE Fme:wbsw;?}'
Jim Cata, St Seaman + THE OTHER fFaLwld AT

TLaRIOA SEA G&m”l‘ CGLL.EC:'E fak FINANMNCIAL SuPPoR'T'_;

BH..LIE LowRY * EFSPEciALLY mlDGE ’BOKTQNE

(HE& Real Numg 18 Micpgeo RBUT SHE HATES mE
Ta CALL HER THAT — SQ T wau"r) FOR EXPERT

ED\'\Tagigu. ﬂSSISTﬂNcﬁ"‘

AMD

DazZeEMNS OF COommELCML -+ ReCREATIONAL

FISHERME M FOR THEIR CAMMENTS an0 SeYEC ML,

GRE

—

INSIGHT INTQ OueE FISHOCIES
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__‘)/HE BoaKs -+ ARTICLES IV'STED €Fwow
CAM BE Founp 1N Yauge LiBRAaryY aAnD
S HALL D HeEL?P PROviIiDE M™MORE 1IN FOR —

mATIOM ©
[}

EVE&HAR:F') LJ. H. , AW Sierer  + W.D Younes.
1 Q78 ’Pﬁ.\HmP\.eS OF ’\:\SHE@Y Sctencs_
CornNe -  UANivERS\TY ?asss. 'Ifrunc.,@) N Y.

G‘EﬁK\NG—J Q.. (eD). 197%. EcoLoGY aoFf

FRESHWATER FisH TRADUCTION. JoHN
Wirexy = Saws. N Y

Guerant , 3. AL 1any, The MamttaceEmentT OoOF
M agine T:nsvtemfs. UniverSiTy aF
LJAS HiMaeTa  PREss. SeaTsLE.

Lacxey | R.T. 1q14. T wrecduaTion TQ
FISHERIES gc.\ﬁuc;ﬁ. \/tﬂ@rthn Send G'ﬂﬂHT",
ViR GiN1A rl)ou.\"'f'Ec.HN\Quc. ) BLﬁuts‘Buﬁc:r.

L_A-C_KEYJ €,"\" ANO L. ﬂs Niecsen. 1980. F\SHER\'ES

Mannee mentT. HaLsTEp fl’gess) NY.

\"D



Maioro ) 3.8 + M. K Orsack. 1982, Maooeen -
izavioNn 4+ Maewwe Fisnegies Pawiey,
Avnv AReae Science, Ann Aggar , Micriann,
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