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Tagging and Tag-Recove ry Experiments With 
Atlantic Menhaden, Brevoortia tyrannus 

By 

RICHARD L. KROGERl and ROBERT L. DRYFOOS2 

ABSTRACT 

Laboratory tagging experiments with adult and juvenile Atlantic menhaden were 
conducted at Beaufort, N.C., in 1965 and 1969. Tag-recovery experiments were done at 
menhaden processing plants at Beaufort, N.C. Internal ferromagnetic body tags of appro­
priate sizes are suitable for tagging adults and juveniles, and the tags can be recovered 
effectively on magnets in the processing plants. 

INTRODUCTION 

Information on the movements, mortality, 
and recruitment of Atlantic menhaden are avail­
able from catch, effort, and length-frequency 
data; but more direct, independent estimates 
of these parameters, derived from mark-recap­
ture studies, are desirable. We conducted a se­
ries of laboratory experiments in 1965 to deter­
mine the best techniques for tagging and han­
dling adult menhaden. These experiments were 
designed to estimate the amount of tag shed­
ding and fish mortality that could be expected 
for fish exposed to different techniques of tag­
ging and handling. Our tag-recovery experi­
ments were designed to estimate the recovery 
rates for tags which entered each menhaden 
reduction plant. In 1969 we conducted similar 
experiments with juvenile menhaden using 
smaller tags. This paper reports the methods 
we used and the conclusions we reached and 
includes a brief review of former tagging exper­
iments. 

I National Marine Fisheries Service, Atlantic Estu­
arine Fisheries Center, Beaufort, .C. 28516. 

2 National Marine Fisheries Service, Northeast 
Fisheries Center, Narragansett Laboratory, Narragan­
sett, R .I. 02!l82. 

REVIEW OF MENHADEN 
TAGGING 

Since menhaden are mass-processed into meal, 
ii, and solubles, the fish must be marked with 

tags that can be recovered mechanically or elec­
tronically from the reduction plants. Internal 
metallic tags were experimented with initially 
since they had been found satisfactory to mark 
clupeids by other workers (Rounsefell and Dahl­
gren, 1930; Dahlgren, 1936; California Division 
of Fish and Game, 1945; Fridriksson and Aasen, 
1950; Bayliff and Klima, 1962; and Newman, 
1970) . 

The results from the first attempt, in 1959, 
to mark juvenile menhaden with internal ferro­
magnetic tags were unsuccessful (Reintjes, 
1963). This tag, a nickel-plated iron toroid, 19.0 
by 4.0 by 1.5 mm, with rough edges, caused 
internal damage to the small menhaden . 

A photoelectric device to detect fi h ~arked 
with biological stains and dye wa deslgned, 
constructed, and tested during 1959-62 (Reintje '. 
1963). He reported that the naturally occurring 
fluorescence in menhaden and other marine or­
ganisms made discrimination o~ ma~'ked men­
haden impractical without modlficatIOn of the 
photoelectric deyice. 



In 1961 Carl~())l and I eintjPs (1972) t(':-It('d 
four internal ferromagnptic tags on captiw 
menhaden lln-168 mm long (Cork 1l'Ilf..,rth) . Thl'~' 
found that the mo~t suitabl \ typl' was a :-Im()()th­
edged stainle~s steel (Type 120) tOfllS tag, Ito 
by 2.5 by 0.5 mm, ~imilar to ()ne that had hpl'11 
used successfully with small Atlantic herring 
in Norwa~ (Dragesund and HogJll'stad, }!HiO), 

When the~ tagged 7:>-90 mm nlt'llhadl'n, h()w­
ev r, mo~t of the fi~h, in'luding till' handll'd 
controls, died. Carl~on and P('intjl'.· al.'() t('stpd 
the reco\'ery of tags h~ magnets in a n1t'nhad(ln 
reduction plant and found that about (iOC'j ()r tiw 
tags entering the plant in f'lsh \\'Crl' rl' '()vl'n-d. 
They belie\'ed the tag reco\' ry cflicipnl'Y could 
bl: increa,ed by installation or additiollal mag­
nets. 

METHODS OF HANDLING 
EXP ERIMENTAL FISH AND 

RECOVERING TAGS 

Menhaden were conditioned to th - holding 
facilities 0 the results of th, exp 'rim -l1t . l'puld 
be attributed to the procedur's t 'st ,I ( Bayliff 
and Klima, 1962). l\lo:t were captured with a 
haul eine. Th y were held in rectangular '()Jl­
crete tanks, 5 by 2 by 0.7 m. wi th roll nd 'd cor­
ners or in circular fibergla:: tank:, :2 hy O. m, 
continuously supplied with aerated . 'a\\"atcl'. 
\Vithin 2 day' after being captur d ti:h b gan 
feeding on a mixture of men had '11 m )al and 
homogenized clams or on commercial trout food. 

Two size of tags were te't d - on for 
adults and on for juyenile:. Juvenile menhad n 
are those in their fir't year of ) i~ and adu I t: are 
those in their econd or later years of ) ife. Tag: 
measuring 14.0 by 3,0 by 0.5 mm for adult men­
haden were ground and filed to 6.9 l>y 1. l>y 
0.5 mm for juyeniles. The corn rs \\'ere rounded 
and the edges smoothed to remo\'e the l>urrs. 
Throughout this paper, larger tag are referred 
to as adult tags and smaller tag as juyenile 
tags, 

In early experiments tags were inserted into 
the fish with a scalpel and forceps, following 
the methods of Carlson and Reintjes (1972). 
An incision was made about 15 mm above the 
origin of the right pelvic fin depending on the 
size of the fish, with a scalpel, and the tag was 
pushed anteriorly through the incision with for-
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('(IPS. J II lalp)' (', ' I'f')'itlll-n l . thl' tagH \\'I')'{' in8f'rll d 
with a B(')'gl' / H 'alllik taggill r gUTI ( f- i" ] ). 
Thl' tag protruding (mIll Ihr' ImITI'1 of thl' tag­
gil1g gun pUIH'llln,d lht' body wall 1)f'fr))'1' iwillg 
pll , twd inlo thl' body ('avily wilh thl' thumb 
plullgt,!" An adult taggillg gUll W;l m()ditil'd [I) 

racilitatf' illjl'cting lilt' jllvi lIil· tag:. ( 'rtlf' , 
.. tallli otlwrwi:,.. hI', a r, \\f'n' al ill, 'r I 
about ]:-, mm aiJll\(' thl' origin oj he right ",.Ivi(· 
fill and pll ' 11t,d rll/'wanl illlo till' iJody ('a\'ity. 

,'IHlldard iZI·r! Pl')(' rill 1'1', W I'P /oI1IJWI I f(,r 
tl1l' l'XjlPJ'iITlPIl" I'i h \\('/' , ,pin d florn th 
tallk. , I'lacl'd ill ::Il-Iit r pia til,tub If 'H\\ a "r. 
taggt·d. alld r 'tlll'IlPt! to a tank. 111m/), ,,"p'ri­
nil lit: 1I1ltag r ,t! Illt'll har!rll , akt>1I from tltt> 
am 1 grflup fl. lit ag r - fl h. \\"1" u ·d a 

('(J1I1 rId, ' I h .. I ({lit II' ell tagging tilt> fl.lI wa 
t'\t'cl'd randomly, III th fir.t hr" ,"p'l'i-

It h \\ f'rt, allt' ·tlHl iz'd ill 11, uh with 

• [ a go ri n r I I , , , a II din t h· f' ," , r 
l'oml/illation If h, tf tal I. f tng 
that dif'd fir 'h. d t!l"i)' t't r, during hi >"P d-

Figure I. - Adult tag about to be inserted with the tag­
ging gun into the body l:avity of a yearling menhaden. 



men(!". f) 'ael fi!"h WI'I'I' rI'mo\'pcl daily, al\d , h·<I 
tag:-; w{'r' n'('o\'l'rl'eI wl,.,kly from (hp tank. , '1 lw 
l':q)('riml'llts Wt'l'!, tprminat 'el aftl'l' Ito II) \\1 Iu 
wl1 'n Typ '-I tagging mortality alld tag 'h d­
ding hac! cpa: '(I. Typ!'-~ tagging mol' ality and 
tag sh 'elding, which 0' 'ur: throughout Uw lif­
of a laggt'd fish, Wl')'(- not il1\'p:tigat!'d ill tl\l',\­
exp('ri ments, 

The tag-r ·co\' 'Q' method: \\'l'J't' also imc ·ti­
gated. Electroni' d -t "tor: and .'l'v(,,'al tYPt'. 
of magm't.· w'n' install d at diffl'rt'nt locati(}lls 
in menhaden redu,ti()n plant:-; (Fig. 2), Pri­
mary magnpts and electronic d 'tect()r: n'co\'l'J' 
tags early enough in the proc ssing to ic!t"ntify 
lhe tim' of captur of th • fish, ~ec()ndHry mag­
nels recover tags ton late in th ' handling of tlw 
fish scrap to det rmine the time of captur '. 

The type of magnet install d \\,<1: dependent 
on the conveyor ~wstem of each plant b 'cau: ' 
magn ts could be plac 'cl only in locations whi('h 
did not imp de the flo\" of scrap and which were 
accessible for cleaning. Two- and f()ur-poll' 
plate magnets wer placed in primary and sec­
ondary location. in chutes with steep slope .. 
and grate magn ts, rotating at 12 rpm to pre­
\. 'nt clogging. were mounted in locations when' 
fish scrap dropped through the bars of the mag­
n ' ts (Fig. ;j). tati()nar~' gratps and hump 
magn ts were un8atisfact()r~' because they 
clogged. 

Tag-recoy'ry t'st cOJ1.'ist 'ei of putting one 
tag in ach of 100 whole fish that were to be 
proces8ul "ith the catches. To compan' the 
l'l'co\'ery efl'lcien y of adult tags with that of 
jU\enile tags. one of l'ach wa: placed in ':teh of 
100 fish. The tag-r 'cO\'ery mte for each plant 
\\as determined as the mean pel'l't'ntagt' of tl'<·t 
tags l' 'cllyered l n th magnets from St'\' 'ra I t 1.:::1. , 

EXPERIMEN TAL TAGGING 

Thc object of tIll' e:qwrinwnt: W~L to dl'\'''1 P 
l1wthods of internall~' tagging adult and iU\'t Hill' 
J11l'nhadl'n with ft'lTtllnagnetk tag tha l' uld 
lw re '(I\'t'l'l d nn maglwts, TIll' pl'l'rt'l!ui ·itl' 
\\'en' that tilt' t~ gging t111.·tlwds \\ \ ult! III t r. u " 
high mortality (\I' tag-:lwddiJlg !'at <' : ntl t llIt 
th ')' would h' "impit till t1 -11 to I rmit u 
tag larg' nltml 'I's (If lL h in a < hOI p ri(] of 
tinw, ,,'t, W('I" int\ nshd no onl~ in dl'\' Ilpin T 

an (,ftkil'nt ta T 'n nh th d. bu . I III d r-
mininl!' th' anhllint of. I tho t \\ 'Illi I 

.. 

-

... (MOtDt. "." q I'.OUClC_ ,-.._J 

1'1I .. '1"l .! 

....c·,..,.---

in 11 1 Id fr III 

din 

Experiment 1 



adult fish was different from that of untreated 
tags. 

Procedure: Four groups of 50 adult fish (mean 
length 122 mm) were selected and tagged using 
the scalpel-forcep method. One group was 
tagged with clean dry tags, another with tags 
treated with Liquamycin (oxytetracycline hy­
drochloride, a broad base antib iotic), and two 
groups with Roccal (a germicide and disinf c­
tant) at concentrations of 1: 1,000 and 1: 10,000. 

Results: The loss of tag treated with Li­
quamycin was 40%, that of tags treated with 
Roccal was 22-26%, and that of untreat d tags 
was 22% (Table 1). 

Discussion: The higher hedding rate of 
treated tags may have result d because incL ion 
healing was lovved by the antibiotics. Bayliff 
and Klima (1962) mention that antibiotic can 
slow the rate of healing, although they found 
no increased hedding of antibiotic-treat d tag 
in their study. Since untreated clean dry tag, 
had the lowest rate of tag 10 and were more 
easily handled, they were elected for future 
experiments. 

Table 1.--Experiment 1; effects of an antibiotic and 

a disinfectant on the mortality and shedding in groups 

of 50 adult fish. 

Tag treatment Dead Shed Total 10s9 

----Number---- Number Percent 

Liquamycin 16 20 40 

1:1,000 Roccal 9 11 22 

1:10,000 Rocca1 1 12 13 26 

Untreated 11 22 

Control 
(not tagged) 1 

Experi ment 2 

Objective: To determine whether injecting 
the tags posteriorly, rather than anteriorly, 
into the adult fish by the scapel-forceps method 
would reduce tag loss. 

Procedure: Two groups of 50 fish (mean 
length 150 mm) were selected. In Group 1 the 
tag was inserted into the fish anteriorly as in 
Experiment 1. In Group 2 the tag was inserted 

4 

Table 2.- -Experiment 2;-effect. of tagging location 

and direction of insertion On the mortality and 

shedding in group. of 50 adult £i.h. 

Tagging 
method 

Anterior 

Posterior 

Dead Shed 

----~----

o 

Total 10 .. 

6 

14 

post rioriy through an incision 1. mm above 
th pectoral fin tip. 

R ,'ult : Ins rtion of tag~ ant riorly r ult d 
in less tag los: (Table 2). 

Discus ion: inc Bayliff and Klima nQ62) 
also had imilar reo ult, w d cided to in rt 
tags ant rioriy. 

Experi ment 3 

bjectiv : To det rmin which meth d of in­
rting th tag. - calpel-f rcep , tagging gun, 

or gun-forcep - cau the lea t tag 10 in 
adult fi h. 

Procedure: Fi h in group of 50 (mean length 
131 mm) were tagged u ing three method: (1) 
calpel and forc p , (2) a long-barreled tagging 

gun, and (3) tagging gun and forcep . In method 
3 the tag wa pushed deeper into the body 
cavity \I,.'ith forcep b cau e the tag, when in-
erted with the long-barreled tagging gun, did 

not appear to penetrate deeply enough to pre­
vent shedding. 

Result : The mortality from all method wa 
low, but hedding of tags in erted with the gun 
was high (Table 3). 

Discussion: Since the tagging-gun method 
wa much faster and i not a dangerous to the 
taggers as the other two methods which involve 
an open calpel blade and since most of the 
tags were probably hed because of poor tag 
penetration with the long-barreled gun, we de­
cided to conduct all further tests with recently 
purchased short-barreled guns. Short-barreled 
guns, which had about one-half of the tag pro­
truding from the barrel, injected tags farther 
into the body cavity of fish than did long­
barreled guns, which had only about one-eighth 
of the tag protruding from the barrel. 



Table 3 .--Experiment 3; effects on the mortality and shedding 

of tagging with scalpel and forceps, tagging gun, and tagging 

gun and forceps in groups of 50 adult fish. 

Tagging 
met.hods 

Scalpel and forceps 

Tagging gun 

GlDl and forceps 

Control (not tagged) 

Experi ment 4 

Dead Shed 

----Number----

1 

10 

1 o 

Total loss 

3 6 

12 24 

1 

4 

Objectives: (1) To determine if tags coated 
with four types of tag lubricants which facili­
tated loading the guns affected the tag loss or 
speed of incision healing in adult fish; (2) to 
determine the rate of tag shedding with the 
short-barreled tagging guns. 

Procedure : We tagged five groups of about 
50 fish (mean length 160 mm) using short­
barreled tagging guns. The tags were uncoated 
or were coated with Vaseline, Bacitracin, Baci­
tracin and Vaseline, or Tetracycline and Vase­
line. 

Results: Untreated tags had the lowest loss 
(Table 4). The incision healing portion of the 
experiment was condusive. 

Table 4.--Experiment 4; effects of tag coatings on the mortality 

and shedding from adult fish. 

Number of 
Type tag fish in 
coating experiment Dead Shed Total loss 

---Number--- Number Percent 

Vaseline 50 8 15 30 

Bacitracin 50 9 3 12 24 

Bacitracin and 
Vaseline 49 11 15 31 

Tetracycline and 
Vaseline 50 0 12 

Untreated 50 5 10 

Control (not tagged) 52 13 

5 

Discussion: Since the loss of tags coated with 
the Tetracycl ine and Vaseline mixture was 
s light, we decided to test both the mixture and 
Vaseline again. The low shedding rate obtained 
with untreated tags injected with the short­
barreled guns in this experiment substantiated 
our belief that the high rate of tag shedding with 
the long-barreled gun in Experiment 3 resulted 
from poor tag penetration. 

Experi ment 5 

Objective: To determine if the tag loss from 
adu lt fish is affected by sticky tag coatings 
which facilitate loading the guns, and if the tag 
loss, as found by Janssen and Aplin (1945), 
Aasen et al. (196 1), and Bayliff and Klima 
(1962), is affected by different taggers. 

Procedure: Three taggers each tagged three 
groups of 20 fish (mean length 114 mm). One 
group was tagged with clean dry tags, another 
with tags coated with Vaseline, and a third 
with tags coated with Tetracycline and Vaseline. 

Results: The differences among taggers were 
as great as those among tag treatments (Ta­
ble 5). 

Discussion: A mechanical means of loading 
tags into the guns eliminated the need to coat 
the tags , and no further experiments on tag 
coatings were conducted. We planned to reduce 
tagger differences in field tagging studies by 
further standardizing the tagging techniques . 

Experi ment 6 

Objective: To determine the survival rate of 
juvenile fish tagged with adult tags and micro­
wire tags (J efferts, Bergman, and Fiscus, 1963). 

Procedure: Sixty-five fish from a group of 
juveniles (mean length 90 mm) were tagged 
with adult tags. An equal number of fish from 
the same group were tagged with microwire 
tags (1.02 by 0.25 mm) in the head, which is 
the standard location for inserting them. 

Results: Only two fish with adult tags and 
three with microwire tags survived. 

Discussion: Since micro wire tags were too 
small to be efficiently recovered with magnets 
and since we also found that they could not be 
recovered with electronic detector systems, we 
discontinued experiments with them. Instead 
we decided to conduct a series of experiments to 



ta e . - - xper t S; effe t . o f ta coa ting and different taggers on the mortarity and shedding 
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r agger 

Total 
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Dead Shed 1065 

To t al 
Dead Shed l oss 

Total 
Dead Shed l oss 
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Experiment 7 

UY nlle flo • 

T tal 10 .. 

n 100 
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21 
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I 8 3 11 18 
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8 43 14 57 32 

Klima (1962). suggesting that tagging injuries 
cau ed death. The tag hedding was 95(>1(, com­
plete within 2 weeks. 

Ex per i ments 81 9 1 and 10 

Objecti,"e: To compare the loss s of adult 
and juvenile tag from juvenile fish and to sub­
stantiate the results obtained in Experiment 7. 

Proc dure: In each experiment. 50 fi h (m an 
length 77 mm) were tagg d with adult tags and 
50 with juvenile tags. and both groups wer put 
into a tank \\"ith equal numb rs of control fish. 

Results: Nearly 95% of the tagged fish in each 
experiment died. as did 12 to 50°e- of th control 
fish. 

Discussion: ince many c ntrol fish di d. we 
assum tl some of the mortality resulted because 
of the poor con lition ofth fish. The most notice­
able difference. howev r. b tw n the fish in 
Experiment 7 and those in Exp riments -10 
was the fullness of their intestines. The fish in 
Exp'riment 7 had ' "ery little food in their in­
tl'stine:. but those in Exp'rim'nts -10 had 
l:()n.'un1l'd much food and had distended intes­
tint':. In the \\'ell-C d fish. tags probably punc­
tUI"t·t1 tl1l' di:t '11(1 .<1 int 'still •... but in th ' star\'cd 
fl . h. tag: !,"idplltly :Iipp,t! past th' lIaccid in­
t :tilll'S without damaging th 'm. Fry and ROl'­

d >1 (1!1 J~l). aftt·)" finding that tht' guts of gorw'd 
mackpJ"t I \\" 'I'\' likt'ly to b· pipr ·pd wt1l'1l making 
Lag ill ' i:ioll . . all()\\ 'd ttw Ii. h abou t all hou r to 
di T ' . t th! 'lid I ·fon' t 199illg tlwl1l. WI' d '. 

id I t IIr lIP)" tn thl' "ffl,(·t of inti' tillal 



Experiment 11 

Objective: To validate the mortality and tag­
shedding rates obtained with juvenile tags in 
Experiment 7. 

Procedure: Thirty-five starved fish (mean 
length 82 mm) from the same group used in 
Experiment 7 were tagged with juvenile tags. 

Results: Two fish died and four shed their 
tags. 

Discussion: These starved fish did not suffer 
high tagging mortality rates when tagged with 
juvenile tags. The rate of tag shedding prob­
ably decreased in this experiment as a resu lt 
of tagging gun modifications. 

Experiment 12 

Objective: To further substantiate the effects 
of intestinal fullness on mortality of juvenile 
fish tagged with adult and juvenile tags. 

Procedure: Fifty fish (mean length 83 mm) 
from a group that had been fed a light diet for 
the preceding 5 days were tagged with adult 
tags, and 49 fish from the same group were 
tagged with juvenile tags. Fifty-one fish were 
used as controls. 

Results: The tag loss was 54% for adult tags 
and 37% for juvenile tags (Table 7). Death ac­
counted for 48% and 6%, respectiv~ly. 

Discussion: Since only 48% and 6% of the 
fish died, as opposed to 95% in Experiments 
8-10, we concluded that fish similar in size to 
those in Experiment 12 have a good chance of 
surviving if tagged with juvenile tags and not 
overfed. As in previous experiments, most of 
the mortality occurred within 3 days and tag 
shedding within 2 weeks. 

Table 7 .--Experiment 12; effects of adult and juvenile tags 

on the mortality and shedding in juvenile fish without 

distended intestines. 

Number of 
Type tag fish in 
used experiment Dead Shed Total loss 

---Number--- Number Percent 

Adult tag 50 24 3 27 54 

Juvenile tag 49 15 18 37 

Control (not tagged) 51 0 0 0 

7 

Experiment 13 

Objective: To gain a better understanding of 
the tag-loss rate from juvenile fish under field 
conditions. 

Procedures: We tagged 50 juvenile fish (mean 
length 101 mm) with adult tags and 50 with 
juvenile tags in an estuary and then transport­
ed them with control fish to the laboratory. 

Results: Eighty-six percent of the adu lt tags 
were lost, mostly from mortality; 64% of the 
juvenile tags were lost, mostly from shedding 
(Table 8). 

Discussion: No handled controls died, indi­
cating that mortality, which occurred within 
3 days, was caused by tagging. The fish in this 
experiment contained more food material than 
the well-fed fish used in Experiments 8-10. The 
first fish to die had punctured intestines, sug­
gesting that mortality of field-tagged juveniles 
may be directly related to the fullness of the 
intestines. Since most previous tag losses had 
resulted from juvenile tags being shed and from 
mortality in fish with excess intestinal contents, 
we devised experiments to test further tag shed­
ding and to determine further the effects of in­
testinal contents on tagging mortality. 

Table 8.--Experiment 13; effects of adult and juvenile tags on the 

mortality and shedding in groups of 50 juvenile fish tagged in the 

field and transported to a laboratory tank . 

Type 
tag used Dead Shed Total loss 

----N1..Dllber----- Number Percent 

Adult 41 43 86 

Juvenile tag 11 21 32 64 

Control (not tagged) o o o 

Experi ment 14 

Objectives: (1) To determine if different 
amounts of intestinal contents affect tagging 
mortality of juvenile fish; (2) to determine if 
inserting the tag at a different angle than pre­
viously affects the tag-shedding rate. 

Procedures: Fish (mean length 101 mm) were 
kept in two tanks. Five times as much food 
was given to fish in one tank as was given to 



those in the other for 1 week prior to tagging. 
From each group 70 fish were tagged with 
adult tags and 70 were tagged with juvenile 
tags as in Experiments 7-13. Another 70 figh 
from each group were tagged by pushing the 
tag through the body wall at a 45 0 angle, in­
stead of a 30 0 angle as in previous experiments, 
and then rotating it to a 10 angle before in­
jecting it into the body cavity. 

Results: The new method of insertion had 
only slightly less juvenile tag-shedding IORg 
than the old method (Table 9). The effect of 
intestinal contents on tagging mortality was 
inconclusive. 

Discussion: The fish reduced their food intake 
as the water temperature declined during Octo­
ber. The intestines in both groupR were ftaccitl 
and not distended. Since no effect of overfe ding 
on tagging mortality could be as, eRsed, th 
data were combined (Table 9). Tag ghedding, 
tagging mortality, and incision healing took 
place over a much longer period of time in thi 
experiment than in previou summer experi­
ments and were evidently prolonged becau , e of 
the lower water temperature. 

Experi ment 15 

Objective: To determine if applying tags 
either higher in the body cavity than in previ­
ous experiments or posteriorly reduces tag los , 
especially shedding, of juvenile tags from juve­
nile fish. 

Procedures: Five groups of about 40 fish 
each (mean length 101 mm) were tagged with 
juvenile tags. In one group the tag was in erted 

anteriorly at an angle of :30 ' (as in experiments 
7-18). In the second it was inserted at an angle 
of 45 0 and rotated to 10 b(,fore being injected 
(as in FJxperiment 14). In the third and fourth 
groups the tag also was inserted anteriorly, 
but th point of inHertion was high on the body 
wall above the origin of the right p Ivic fin, to 
pogition the tag above the stomach. In Group :~ 

the tag was insert d and i nject('d at a :'W angle; 
in Group 4 it was ins rted at 15 ° and injected 
at 10 . In Group 5 the tag wa: insert'd at the 
origin of the left p ·<:toral fin and injected po:te­
riorly into the boely cavity. Five other group: 
were tagged by identical m ·thods v,:ith adult 
tags. 

Results: Total loss of juvcnil' tags applied 
po:teriorly from the origin of the p ctoral fin 
was less than for all other method: (Table 10). 
With adult tags, th two-angle, low m thod 
caused the low .. t lo:s. ,Juvenile tag' applied 
by th two-angle m'th(Jd: again cau 'ed lower 
tag-:heclding rates than tho:e injected at one 
angle. 

Di. cussion: ,JU\'enile tag-:hedding and mor­
tality rates w re reduced to about 5o/c each 
when the tag: were inserted by the pectoral 
method (Fig. 4). The tags did not penetrate the 
viscera, but 'Iid between them and the body 
wall, wherea. tag, applied by anterior method 
penetrated the viscera. The total 10 . of tag 
applied po teriorly from the origin of the pec­
toral fin, therefore. should not be affected by 
the fullne of the inte.'tines. Bayliff and Klima 
(1962) aid tags should not penetrate the \'i -
cera, and they tried to place the tags next to 
the body v.lall. Evidently the one-angle. low 

Table 9.--Experiment 14; effects of adult and juvenile tags inserted into 

juvenile fish at one angle (30") and two angles (45" and 10") on the 

mortality and shedding in groups of 70 juvenile fish. 

Type tag Method Dead Shed Total loss 

---Number----- Number Percent 

Juvenile 1 angle 36 40 57 

2 angles 5 28 33 47 

Adult 1 angle 35 3 38 54 

2 angles 33 3 36 51 

Control (not tagged) 0 0 0 

8 



Table 10.--Experiment 15; effects of adult and juvenile tags on the mor-

tality and shedding in juvenile fish when tags were inserted anterior-

ly at one angle (300
) and two angles (450 and 100) either high or low 

on the body cavity wall and when applied pos t eriorly from the base of 

the pectoral fin. 

Number of 
fish in 

Type tag Method experiment 

J uvenile 1 angle-high 40 

2 angle-high 40 

1 angle-low 39 

2 angle-low 40 

Pectoral 41 

Adult 1 angle-high 45 

2 angle-high 45 

1 angle-low 40 

2 angle-low 30 

Pectoral 40 

Control (not tagged) 20 

Figure 4.- Juvenile tag being inserted with the modified 
tagging gun in the pectoral position. The tag is in­
jected posteriorly from the origin of the left pectoral 
fin. 
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Dead Shed Total loss 

----Number---- Number Percent 

11 14 35 

11 6 17 43 

9 20 29 74 

10 10 20 50 

2 4 10 

21 1 22 49 

18 0 18 40 

28 0 28 70 

8 1 9 30 

12 4 16 40 

10 

method used in experiments 7-13 is the poorest 
of the tested methods for applying both adult 
and juvenile tags in small menhaden. Tag 
shedding, tagging mortality, and incision heal­
ing were prolonged as in Experiment 14, sug­
gesting again that these factors are slowed in 
cool water. 

On the basis of results from Experiments 1-5, 
we developed field tagging techniques for adult 
menhaden . With tagging guns we injected clean 
dry tags anteriorly at a point about 15 mm 
above the origin of the right pelvic fin. Per­
sonnel were instructed to use the same method 
of tag application to minimize tag loss differ­
ences among taggers. Experimental results in­
dicated the Type-l tag loss for laboratory-tagged 
fish (114 to 160 mm) ranged between 10 and 20% . 
This is also our only indication of tag loss in 
field-released tagged menhaden of this size. 

Experiments 6-15 were conducted to estab­
lish tagging techniques for juvenile menhaden. 
Tags smaller than those used for adults, but 
identical in other respects, were injected posteri­
orly into the fish from the origin of the left 
pectoral fin with tagging guns which were mod-



ified to give good tag penetration. To compen­
sate for the effect of tagging mortality, which 
may be greater in the field than in laboratory 
experiments, we planned to tag suffici nt num­
bers of juveniles so that we would have an 
adequate number of recoveries on which to test 
our hypotheses concerning movement and popu­
lation structure. 

EXPERIMENTAL TAG RECOVERY 

Tags can be recovered at processing plants 
by two methods. Tagged fish can be located by 
passing the catch through an electronic detec­
tor system, or tag can be recovered with mag­
nets from the proce sed fish scrap. The detec­
tor system gives more u eful recovery elata, but 
construction, maintenanc . and operation are 
too costly for operation at all the plants (Park­
er, 1972). Permanent magnets were used for 
tag recovery at all plants. These included mag­
nets already installed in the plant to coli ct 
tramp metal and additional magnets installed 
specifically for tag recovery. 

In 1965 experiment were conducted to cal­
culate the recovery rate of adult tag' at din r­
ent processing plants. The recovery efficiency at 
five plants ranged from 55 to 90% (Table 11). 
Differences in rates of tag recovery resulted 
from a combination of factor such a type 
and location of magnets and plant conveyor 
systems. 

In 1968 and 1969, experiments were conduct­
ed to determine the recovery rate of juvenile 
tags at different processing plants. Two sizes 
of juvenile tags and the adult tag were te ted to 
determine whether recovery efficiency varied 

Table ll.--Estimated tag-recovery efficiency rates 

at five menhaden reduction plantse 

Percentage of test 
Plant Number of tags recovered 

test tags within 4 months 

A 200 56 

B 400 89 

C 96 90 

D 196 75 

E 198 55 

Table 12.--A comparison of tag-recovery efficiency ratea for three 

sizes of tags· 

Plant Number and type Percentage of tU8e 
tage uaed in each recovered from each 
experiment experiment 

1/3 1/2 Adult 1/3 1/2 Adult 

A 200 200 37 36 

B 100 100 45 80 

C 100 100 )) 59 

0 100 99 58 69 

E 88 100 39 68 

F 105 105 100 49 53 77 

G 200 200 200 92 94 94 

Totals 
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1/3 vs. adult 705 700 55 68 

1/2 vs. adult 493 499 68 80 

greatly with tag ,-ize. The r covery efficiency of 
th :mall tag:. which w re one-third or one-half 
the mao s of the a lult tag. wa aoout 70Q· of the 
recu\"er}' rat C)f adult tag,' at mo:t plant· (Table 
12). Plant C; had about equal return: for the 
three type: of tag .. but it i' a :mall-capacity 
plant. inc the one-third- and on -half- 'iz d 
tag' had about the ame reco\"ery rate . we 
u d the smaller tag in the laboratory tagging 
experiments b cau e it emed Ie likely to 
damage th fi. h internally. 

CONCLUSIONS 

1. In ummer. tagging mortality u'ually oc­
curs within 3 days and tag hedding within 
2 week ; but both. a well as inci ion heal­
ing. are prolong~d at the lower water tem­
perature encountered in the fall. 

2. Treatment of tags with antibiotic and di -
infectants does not decrea e the tag los . 

3. Injection of adult tags posteriorly by the 
scalpel-forceps method from above the tip 
of the pectoral fin causes more total tag 
loss than does the regular anterior method. 

4. The tagging-gun method is faster and safer 
than the scalpel-forceps method and does 
not increase the total tag loss. 

5. The total tag loss varies among taggers. 
6. Menhaden as small as 114 mm can be suc­

cessfully tagged using tagging guns and 
adult tags. 



en taggea anteriorly, juvenile menha­
den with distended intestines suffer higher 
rates of mortality than do those with flaccid 
intestines. 

8. By most methods of anterior insertion of 
tags in juveniles, mean length about 
100 mm, adult and juvenile tags cause about 
the same total tag loss; however, adult tags 
cause high rates of tagging mortality, and 
juvenile tags cause high rates of tag shed­
ding. 

9. Juvenile menhaden can be successfully 
tagged using juvenile tags and the pectoral 
method, which eliminates the high rate of 
tag shedding. 

10. Adult and juvenile tags can be efficiently 
and economically recovered on magnets 
from dried fish scrap at menhaden process­
ing plants. 
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