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NEW YORI( FISH AND GAME JOURNAL 

VOLUME 17 January, 1970 NUMBER 1 

FEEDING HABITS OF STRIPED BASS FROM THE SURF 
WATERS OF LONG ISLAND1 

Richard H. Schaefer Supervising Aquatic Biologist (Marine) 
New York State Conservation Department 

ABSTRACT 

T he diet of striped bass in the south shore surf of Long Island consisted of both 
vertebrate and invertebrate organisms whose relative proportions and occurrences 
as food items fluctuated according to size of fish and season of capture. Relative 
occurrence of invertebrate foods decreased significantly between spring and fall but 
exhibited no significant differences according to fish size. Relative occurrence of 
vertebrate foods increased significantly between spring and fall, as well as with 
corresponding increases in fish size. Amphipods and mysids were the dominant in
vertebrate foods encountered, whereas the bay anchovy was the most common 
vertebrate form . Observed d ifferences between feeding habits and traditional 
angling methods for striped bass in the surf during the summer are offered as a 
partial explanation for the generally poor catch rates recorded in that season . 

The striped bass (Marone saxatilis) has been considered one of 
the most popular sport fishes of surf areas along the middle Atlantic 
coast. Briggs (1962, 1965) recently confirmed the popularity of the 
species among surf sport fishermen in New York and noted that it 
constituted a major portion of their catches. Schaefer (1967) further 
established that the striped bass was among the most abundant of all 
species encountered in seine hauls made along the south shore barrier 
beach of Long Island during each of three consecutive years (1961-
1963). In spite of its high relative abundance both in sport fishery 
catches and in the surf zone environment, the average catch per unit 
of effort for the species has been low, generally less than one fish per 
angler trip (Briggs, 1962, 1965) . Prompted by the popularity of the 
fish and the apparent d isproportion between abundance and catch 
rate, the present investigation was undertaken to study the feeding 
habits of the species in the surf environment. It was hypothesized that 
the d isproportion might possibly be attributable to differences be
tween natural food preferences and traditional angling methods. 

1 A contribution of Federal Aid in Fish and W ildlife Restora tion Project F -15-R, 
representing Contribution No. 70-2 of the D ivision of Marine and Coastal Re
sources. T h e author sincerely .wishes to thank Dr. Thomas E. Bowman of the 
U.S. National Museum for his identification of many of the amphipod, isopod 
and mysid organisms encountered in this study. 
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Much has been written about the feeding habits of the striped 
bass. Raney (1952), in his extensive publication on the life history of 
the species, listed no less than 21 references for the Atlantic coast and 
12 for the Pacific coast which presented data on its food and feeding 
habits. Similar studies since that time have provided additional in
formation. Heubach et al. (1963), Stevens (1966) and T homas 
(1967) recently reported on the diet and feeding habits of striped bass 
in the Sacramento-San Joaquin River drainage of California, while 
Stevens ( 1957) and Goodson ( 1964) conducted similar researches 
on fresh-water populations. On the Atlantic coast, Trent and Hassler 
( 1966) reported on striped bass feeding behavior in the Roanoke 
River of North Carolina as it related to sexual maturity, and deSylva 
et al. (1962) listed the occurrence of food items in the stomachs of 
striped bass from the Delaware River estuary. Dovel (1968) sug
gested a relationship between striped bass feeding habits in Chesa
peake Bay and the recent decline of the Atlantic croaker (lH icro/Jo
gon undulatus) population on the northeastern coast of North Amer
ica. So far as can be determined, however, none of these reports, in
cluding those listed by Raney (1952), contains feeding observations 
on striped bass from an ocean surf environment. 

METHODS 

Striped bass were captured in a 1,300-foot modified commercial 
haul seine operated in the Great South Beach surf near Smith Point 
Park in Suffolk County (N.Y.) between April 27 and November 2·4 
in 1964. A detailed description of the collecting site, capture gear and 
netting techniques was given by Schaefer (1967). Sampling was 
scheduled twice weekly, i.e., on the first two elates which permitted 
safe operation of the collecting gear. During some weeks, inclement 
weather and adverse surf conditions prevented sampling either on one 
or both of the scheduled collecting dates. 

After each haul of the net, captured specimens were measured to 
the nearest 5 millimeters in fork length and each was assigned to one 
of three arbitrary size classes, i .e ., small, 399 millimeters or less; me
dium, 400-599 millimeters; large, 600 millimeters or more. When sort
ing was completed, a maximum of 20 specimens were randomly 
selected from each size group for stomach examination. In hauls 
that produced less than 20 specimens in any one of the three size 
categories, all fish in that category were used. This procedure was re
peated until the maximum weekly number of desired specimens (20) 
was accumulated for each size group, or until the two weekly seining 
elates were completed. 
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The visceral cavities of specimens selected were opened, and the 
stomachs, from the esophagus to the pyloric constriction, were re
moved in tact. Stomachs were placed individually in suitably labeled 
polyethylene bags and sealed. Each bag was then punctured with one 
or two small holes and placed in a large plastic pail containing 10 per 
cent formalin. When submerged, the air in each bag was released and 
replaced by preservative. The stomachs were stored 111 IO per cent 
formalin at the laboratory until needed. 

At the laboratory, each stomach was opened and its contents re
moved for examination. Food items were identified as precisely as the 
stage of digestion would permit. The volumetric displacement of each 
item was measured in graduated cylinders containing tap water. From 
these observations, frequency of occurrence and total volume were de
termined for each food encountered. Data were treated and analyzed 
according to fish length and season2 of capture. 

RESULTS 

A total of 367 stomachs were examined, including 61 from small 
fish, 183 from medium fish and 123 from large fish. Stomach contents 
data (Tables I to 3) are presented according to fish size. Percentage 
frequencies of occurrence relate only to stomachs that contained food 
rather than to the total number of stomachs examined. 

SMALL FISH 

Small fish fed heavily on invertebrates, as indicated by their occur
rence in nearly 80 per cent of the 49 stomachs that contained food 
(Table I). Invertebrates also constituted 85 per cent of all food items 
by volume. Vertebrates were of relatively little importance, occuring 
in only nine stomachs (18 per cent) and comprising 14 per cent of 
the total food by volume. Twelve (25 per cent) of the 61 stomachs 
were empty. 

T he most frequently encountered invertebrates and those which dis
placed the greatest volume were amphipods and mysicls. These or
ganisms occurred, respectively, in 57 and 43 per cent of the stomachs, 
and constituted 45 and 33 per cent of all food items by volume. 

MEDIUM FISH 

Of the 183 stomachs from medium fish, 145 contained food. Inver
tebrates occurred in more than half of them and constituted more 
than half the total food volume (Table 2) . As observed for the small 
fish, amphipods comprised the bulk (99 per cent by volume) of all 
invertebrate organisms and occurred in 75 (52 per cent) stomachs. 

2 According to celestial calendar, i.e . spring = :March 21-June 21, etc. 

From the Digital Collections of the New York State Library



4 NEW YoRK FISH AND GAME JouRNAL , VoL 17, No. l, JANUARY 1970 

TABLE l. STO~!ACH CONTENTS OF 61 S~t A!.!. (27:) TO 399 ~!!!.I.IMETERS ! 1' FORK LF.1'GTH) 

STRIPF.D BASS Co1.1 .ECTFn AT GRFAT SouTH BF.AC ll B1·:T\\'n :., A PRIL 27 AND 

NovE~lllF.R 24 IN 19G4 

I 

· Food item of 
occurrence 

Rela tive 
frequency 
(per cent) 

Volume 
(milli
liters) 

j l'req uency 

_· ---------··-·------- --------~--- - ----'-- ---

Invertebrates ... ... .. ... . .. . 
Arthropoda ....... . . .... . 

Crustacea ... .. .. . . . .. . . . 
Amphipoda~ . ... . . . . .. . 
Mysidaceat .. . . ....... · 
Decapoda . . . .... .. .... . 

Macrura .... . . .... . . . . 
Crangon s<'jJlemsjmwsa 

Isopocla:j: .. . _ . .... ... . . . 
Mollusc1 ........ . 

Pelecypoda . .... ..... . .. . 
S/Jisu/a solidissi111a 

V.crt e lnates 
P isces . . . . ..... . . . . 

Aur!toa i11itchilli 
AfJe ltes quadracm . . 
Ang uilla rostrala 
Unidentified remains 

Miscel laneous dehris• 

Empty 

T ota! 

Invertebrates . . 
Arthropoda .. .. 

Crustacea .. 
Amphipocla§ . . 
Mysidaceat . . 
Deca poda ... 

l\rachyura .. 
Unidentified . . 

Annel ida .. 
Chaetopoda .. 

Vertebrates .. 
Pisces 

U nidentified re1nains 

Miscellaneous debris• 

E1i1pty . . 

Total . . 

28 

(i 

2 
2 
I 
2 

" " 

3 1 

Spring* 

93 .3 

Ci.7 
10.0 

'L'\ 

20.0 

6.7 
(i.7 
'.\ .'\ 
(i.7 

10.0 

11 .8 

24 1.4 

11 7.'I 
101 .0 

2.(i 

O.'J 

20.0 

W. i 

12.0 
2 .4 
(>.;\ 

2 .0 

o.:; 

_,_ ______ --- --

Su111 1tH..: r~· 

.-----~ 

~I 81.8 J::i.O 

1 !1. l D.O 
8 7'2..'7 ""0 

!U l.O 

3 27 -~~ T r. 

!1.l l.O 

9.1 1.0 

5 4:1.'i 0.4 

11 21.4 XX\: 

14 XX\: Hi.4 

Relative 
volume 

(per cent ) 

93.3 

4:i.4 
39. 1 

1.0 
0.2 

7.7 

(i.~ 

4.li 
O.!l 
0.1 
0.8 

0.2 

100.0 

!lLi 

:i4.!/ 
'.30.!J 

G.l 

Tr. 

(i .l 

G. l 

2A 

x x:-.: 

100.0 
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TA111.E .. I. (continued) 

-----------~-------~-

'" Invertebrates . . .... •. . ..... 
Arthropoda ... . . . . .. .... . 

Crustacea .. , ... . .. . . . .. . 
Amphipoda§ . ....... . . . 

Vertebrates . .. .. . .. .. . .. . . 
Pisces ..... . ... ....... . . . 

Anchoa 111itchilli ..... . 
· l\i'en ticirrhus saxatilis 
Un identified remains • 

M iscell a neous debris• . .. . . . 

Empty . .. .. . . . .... . . 

Total 

Jn \'crtebrates . . . . . . . . . ... . 
Arth ropoda .. . .. . . . .... . . 

Crustacea .. . .. .. .. .... . . 
A mphipod a§ . . ... .. . .. . 
i\lysidaceat . . .......... . 
Deca pod a .. . . , , . . .... . . 

Rrachyura ........ ... . 
.U nidentified .. .. .. . . . 
~'facrura ... .. .. ...... . 

Crn11g·oii sej1te111sj1inosa 
Jsopocla t . . . .. . ....... . . 

Annelida .. . . . . . ...... . .. . 
·C haetopoda ... ... .. ... . . 

\IolJusca ...... .. . . ... . . . . 
Pclccypoda . . . ... ... .. .. . 

SfJisula solidissima 

, .·c rtchratcs ... . ..... .. . . 
Pi ScC~ . . .. .... . . 

' Anclwa u1itcitilli 
A/Je/les quadrncus .. .. 
Menticiri'lws saxati/is 

.Anguilla rostrata .... . 
U nidentified remains . 

\I iscellaneous debris• .. .. . . 

Empty 

Total. . ..... . . . .. . . . ..... . 

2 

2 
2 

I 
I 
3 
4 
5 

13 

39 

28 
21 

l 

2 
3 

3 

1 
~) 

;1 
2 
l 
l 
(i 

12 
12 

(ii 

Jail* 

-- ····---------·-··- --------

25.0 21.0 41.8 

25.0 2 1.0 41.8 
25 .0 29.0 57.8 

125 2.0 4.0 
12.5 4.0 8.0 
37.5 23.0 45.8 
50.0 0.2 0.4 
38.5 xxx xxx 

xxx :>0.2 100.0 

Total 

------·----··--- ---·------·-·--·-- -------
79.G 277.4 85.'.l 

57.1 143.3 45.3 
42.9 lOG.O 32.G 

2.0 1.0 0.3 

4.1 2.G 0.8 
(i,1 0.5 02 

G.l Tr. Tr. 

2.0 20.0 G.2 
18.ci 4G.7 14.4 

fi.l H.O 4.Jl 
4.1 2.4 0.7 
2.0 4.0 1.2 
2.0 0.3 O. l 

12.2 2G.O 8.0 

24.5 l.l 0.3 
24.:) xxx xxx 

xxx. 32:3.2 100.0 

*Sj}[i11g April 27 to June 17; summer = June 23 to September 4; fall = O c-
to ber 14 to November 24. 

§ Primarily Gammarus sp. and Haustorius canad ensis. 

t J'dl\laril y 1\ 'eo1J1ysis antericana. 

+Primarily Idotea rnetallica. 

•Mostly moll usc shell fragments, sand grains and pebbles a nd fragments of p lant 
material_ includ ing l! lva sp., Sj1arli11a sp. and /.oslaa nrnrina. 
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TABLE 2. STOMACH CONTENTS OF 183 MEDIU~!-S!ZI'11 (400 TO 599 ~!ILLIMF.TERS IN FORK 

LF.NGTH) STRIPED RASS COI .l.F.CTF.ll AT GREAT SOOTll BEACH RF.TWEE N APRIL 

27 AND NO\'F.MBF.R 24 IN 1964 

Food item 

Invertebrates 
Arthropoda 
Crustacea _____ . _ . _ . __ . . . 

Amphipoda§ .......... . 
Mysidaccat .. . .. . . ... .. . 

Vertebrates 
Pisces _ ... _ ... . . .. ...... . 

1We11idia 111enidia ___ .. 
Stenotomus chr."soj1s 

ll nidentilied remains 

Miscellaneous debris• ... . . . 

Empty 

Total 

Frequencv l Relative Volume Relative 
of frcqucncv (milli- n ilumc 

occu rrenc~ _(_p_e_r_c_c_n_t_) _ , __ i_i t_e_rs_) _ __,__(_p_c_r_c_c_n_t_) _ 

IO 

9 
4 

7 

2 

7 

24 

Spring• 

Summer• 

58.8 

52.9 
23 .5 

41.2 

17.6 
11.8 
11.8 

5.9 

29.2 

xxx. 

80.7 

76.6 
4.1 

136.5 

24.:) 
99.0 
13.0 

Tr. 

xxx 

217.2 

37.2 

% .3 
1.9 

62.8 

11.3 

4fl.li 
6.0 

Tr. 

xxx 

100.0 

- --- ---------- -------~-----~----~------

1 nverlebratcs 

.\nhropocla .. . . .. . .. .. .. _ 
Crustacea _ ............ . _ 
Amphipoda§ .. . . _ .. . .. . 
Mysidaceat .. . ... . _. _ . . . 
Decapoda .. . ........ . . 

. Macrura . . ....... .. _ .. 
Crango11 septe111spi11osa 

Annelida ...... _. __ .... . _ .. 
Chaetopoda .. _ ....... . .. . 

Vertebrates 
Pisces . ................. . 

Sy11g11at!tus fuse us - . . . 

lJnidentified remains 

Miscellaneous debris• . ... . . 

Empty 

Total . . . .. . .. . ........... . 

48 

43 
:l 

12 

20 

88 

10.6 

63.2 
·U 

2.9 

1.5 

19.l 

1.5 
17.G 

33.8 

22.7 

xxx. 

6:)6.3 

647.4 
7.0 

1.8 

O. l 

108.5 

0.5 
108.0 

5.8 

xxx 

770.6 

80.2 

84.0 
0.9 

0.2 

'fr. 

14.l 

0 .1 
14.0 

0.8 

xxx 

100.0 
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TABLE 2. (continued) 

Invertebrates ... . ... . ... . . 
Arthropoda ......... ... . . 
Crustacea ...... . . . . . . .. . 
Amphipoda§ ...... . . . . . 
Decapoda .. . .. . . ..... . . 

Macrura ... . ... . ..... . 
Unidentified . .. . ..... . 

Vertebrates ..... .. . ... . .. . 
Pisces . . . .. . . . . . ........ . 

Anchoa mitchilli . ... . . 
M enidia 111e11idia .. . . . 
Brevoortia tyrannus .. 
Bai.-diella chrysura . . . 
Unidentified remains 

Miscellaneous debris• . . .. . . 

Empty 

Total 

Invertebrates . . . . . ... . . . . . 
Arthropoda . . . ... . ... . . . . 
Crustacea .. .. . .... . .. .. . 
Amphipoda§ . . . . ...... . 
Mysidaceat . . . ..... . . . . . 

Decapoda . . . . . . . .. . _ . . . 
Macrura . .. . . .... . . . . . . 

Cra11gon sejJte111sjJi11osa 
Unidentified . . . . ... .. . 

Annelida . ... . ....... . . . . 
Chaetopoda . . . . .. . .... .. . 

Vertebrates .. . ... ... . . .. .. . 
Pisces ..... . . . . . . . . . . 

Anchoa rnitchilli . ." : .. . 
M enidia 111enidia • . . . . . 
Stenoto111.us chrysops 
Syngnatlws fu.scus .. . 
B revoortia tyrannus •. 
Bairdiella ciirysura .. 
Unidentified remains 

Miscellaneous debris• . . . . . . 

Empty ...... . . . . .... . ... . . 

T o ta l . . . . .•. .. . .... . . . . ... 

24 

23 

46 

32 
2 
1 
1 

lG 

25 

11 

71 

82 

'"" /:J 

7 

2 
1 

66 

32 
5 
2 
1 
1 
1 

30 

49 

38 

183 

Fall" 

Total 

40.0 

38.3 

1.7 

76.7 

53.3 
3.3 
1.7 
1.7 

26.7 

41.7 

l!"l.5 

xxx 

56.6 

51.7 
4.8 

1.4 
0.7 

0.7 

45.t> 

22.0 
'.l.4 
1.4 
0.7 
0.7 
0.7 

20.7 

33.8 

26.2 

xxx 

519.5 

517.5 

2.0 

840.5 

637.8 
75.0 
2:>.0 

2.2 
100.5 

24.3 

xxx 

1384.3 

12:>6.5 

1241.'i 
l l.l 

l.8 
2.0 

0 .1 

108;")5 

637.8 
99.!i 
99.0 
05 

25.0 
2.2 

221.5 

30.1 

xxx 

2372.l 

37.5 

37.4 

0.1 

60.7 

46.l 
5.4 
1.8 
0.2 
7.3 

1.8 

xxx 

100.0 

53.0 

52.3 
05 

0.1 
O. l 

Tr. 

4'>.8 

26.9 
4.2 
4.2 

Tr. 
l.l 
0.1 
9.3 

1.3 

xxx 

100.0 

7 

"Spring = April 27 to June 17; summer= June 23 to September 4; fall = October 
14 to November 24. 

*Primarily Gammarus sp. and Haustorius cantidensis. 

tl'r imarily Neomysis americana. 

•Mostly mollusc shell fragments, sand grains and pebbles and fragments of plant 
material including V iva sp., SfJartina sp. and Zostera marina. 
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TABLE 3. STOMACH CONTENTS OF 123 LARGE (600 TO 940 MILLIMETERS IN FORK LENGTH) 
STRIPED BASS COLLECTED AT GREAT SOUTH BEACH BETWEEN APRIL 27 AND 
NOVEMBER 24 IN 1964 

Frequency Relative Volume Relative 
Food item of frequency (m ill i- volume 

occurrence (per cent) liters) (per cetit) 

Spring* 

Invertebrates ... · · · · · · ... . . 12 75.0 

I 
410.'i 39.8 

Arthropoda ..... ··· · · ···· 
Crustacea ...... . . . ..... . 
Amphipotla§ ..... . .... . 10 62.5 219.:) 21.3 
Mysidaceat ... ··· ··· . ... 4 2:).0 l3G,0 13.2 
Decapotla .. . ... .. .... . . 
Brachyura ........ . .... 

OvalijJes ocellatus .. . . 2 12.:'.i 47.0 4.6 
Macrura . . ........ . ... 

Crangon septemsjJinosa (i.'l 7.0 0.7 
Unidentified .......... (i.3 l.O 0.1 

Vertebrates . . . . . . . . . . . . . . . 11 GS.8 fil7.0 59.8 
l)isces .. . .. .. .. . ......... 

Anchoa mitchi/li ...... 1 G.3 8.0 0.8 
J\Ienidia menidia 2 12.:) 12.0 l.2 
Stenotomus chrysoj;s 2 12.5 248.0 24.0 
S\'ng11athus fusctis . .. 2 12.:) 93 .0 9.0 
Af1eltes quadracus .... I G.3 02 Tr. 
Cyprinodon variegatus 1 G.3 1. ·) 0.1 
Tautoga onitis . . . ··· · · 1 (i.'.l l %.:) l 'l.2 
U nidentified re1nains 6 :17.:) 117.8 11.4 

Miscel laneous debris• . ... . . 2 12.:'i 4.0 0.4 
E mpty ................ . . . . 7 30.4 xxx xxx · 

T otal .. . . . . . .. . .. . . . . . .... 23 xxx 1031.5 100.0 

.Summer* 

Invertebrates . . . . . . . .. . .. . 21 58.3 4:)6.2 46.8 
Arthropoda ..... . . . . ··· ·· 

Crustacea ...... ···· ··· ·· 
Amphipoda~ · · ·· · ······ 8 22.2 127.8 J 3.1 
Decapoda .. . ........ .. . 

Brachyura . . . . . . . . . . . . . 
Ovalipes oce/latus .... 11 30.(i 300.0 30.8 
Unidentified . . . . . . . . . . 4 11.l 27.8 2.9 

J\Iacrura .. . . . .. .... . . . 
Emerita lalj1oida ..... 1 2.8 0.6 0.1 

Ver tebrates ·· ·· ·· ......... 20 'i!i.6 509.0 52.'.Z 
Pisces .. · · · · ···· .. . ...... 

Anclwa mitchilli .. 2.8 0.:) 0.1 
Urophycis chuss ... .. 2 ;).() 37 .i> 3.8 
Stenotomus chrysops 2.8 G:>.O G.7 
Splrneroid es 111aculatus 2 :Hi 102.0 10.'.> 
Unidentified rcn1a in s 14 38.9 304.0 31.2 

Miscellaneous debris• . .... . (j Hi.7 9.2 0.9 
:Empty .. . .. . . . ........... . 4 10.0 xxx. xxx. 

Total . · · · · · .... . .......... 40 XXX . 974.4 100.0 
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TABLE 3. (continued) 

Invertebrates .. . . ........ . 
Arthropoda . . . . . . . . . ... . . 

Crustacea ......... .. ... . 
Amphipoda§ .... . . . . . . . 
Dccapoda ..... .... .. . . . 
Brachyura .......... . . 

Ovaiipes ocellatus ... . 
Uniden tified ......... . 

Isripodat .... . . ... . . . .. . 
V.erlehra tes .... . ...... .. . . 

Pisces ......... ... ...... . 
Anchoa mitchilli . .. . . 
UrofJhycis chuss .... . 
Afer! 1u:cius bi/inearis 
Mugil ce/Jhalus ... . . . 
Unidentified remains 

Miscellaneous debris• ..... . 
Empt)' ........... . ....... . 

·rota! 

Invcr.tclirates .... .. . ....... . 
A.rtliropoda . .. .. . ..... . . . 
Cr'tt~tacea ...... . .. . ... . . 
An1phipoda~ .. . . . ..... . 
Mysidaceat .. . .. . . . . .. . . 

·. Decapoda .... .. ....... . 
Bradwura ...... . .... . 

Ovalij!es ocellatus 
U nidentified . . . 
~Iacrura .. ...... . 

Crangon septe111sjJinosa 
E merita /.aljJoida 
U nidentified .. 

.J.sopodat ...... . ... . ... . 
\" ertebrales ............... . 

"" J> i 's(:es 

· A11choa mitchilli 
. U rop !tyci.1 ch 11 .1.1 • •••• 

Me11idia 11ic11idia ... .. 
. . S te110 /o m1.1s ch rysujJs 

Sy11g11ath11s f11scus ... 
M er/11ccius /Ji/inearis 
A j1e//es quadracus . .. . 
Mugil ajJ/1n/11s ..... . 
Sj1/uu•roides 111ac11 /a t11s 
CyjJri11.odon tJariegn/11s 
J"au:toga 011itis 
Unidentified remains 

M iscellaneous debris• 
Emp~ ... . ... ........ . 

TotaT . .... .. ......... . .. . . 

17 

13 

1 
2 
4 

32 

12 
8 
4 
2 

11 
14 
17 

60 

50 

31 
4 

14 
(j 

1 
l 
1 
4 

()3 

14 
10 

2 
3 
2 
4 
1 
2 
2 
l 
1 

3 1 
22 
28 

123 

Fall" 

Tota l 

39.5 

30.2 

2.3 
4.6 
9.3 

74.4 

27.9 
18.6 

9.3 
4.G 

2:"i .6 
32.G 
28.3 

xxx 

52.6 

32.G 
4.2 

14.7 
G.3 

l.l 
1.1 
J.l 
4.2 

GG.3 

14.7 
JO.:> 

2.1 
3.2 
2.1 
4.2 
1.l 
2.1 
2.1 
l.l 
1.1 

32.G 
23.2 
29.5 

xxx 

289.9 

280.4 

1.0 
3.1 
5.4 

1123.8 

210.3 
488.0 

80.!i 
90.0 

255.0 
29.5 

xxx 

1443.2 

1156.6 

627.7 
136.0 

348.0 
30.9 

7.0 
O.fi 
1.0 
5.4 

2249.8 

218.8 

12.0 
3 13.0 

93.0 
80.:"i 

0.2 
90.0 

102.0 
l.:"i 

13().'i 
(i7(i.8 

42.7 
xxx 

3449. 1 

20.1 

19.4 

0.1 
0.2 
0.4 

77.9 

14.6 
33.8 

5.6 
6.2 

17.7 
2.0 

xxx 

100.0 

33.!i 

18.2 
3.9 

JO.I 
0.9 

0.2 
Tr. 
T r. 

0.2 
G:J.2 

G.3 
15.2 
o . ;~ 

9.l 
2.7 
2.3 

Tr. 
2.li 
3.0 

Tr. 
4.0 

19.G 
l.2 

xxx. 

100.0 

9 

*Sp:ti.ng = April 27 to June 17; summer= Jun e 23 to September 4; fall = October 
14 to ?\ovemher 24. 

* p)'-ln1ari ly Cam111arus sp. and Haustorius canadensis. 
t l'rimarily Neomysis americana. 
t l'rima r il y ldutea metallica. 
•Mostly mo llusc sltell fragments, sand· gra ins a n<l pebbles and frag men ts of plant 

rnateria l including V iva sp., Sf)(lrtina sp. and 7.ostera marina. From the Digital Collections of the New York State Library
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Vertebrate organisms were more prevalent in medium fish than in 
small fish, occurring in 46 per cent and constituting 46 per cent of the 
food volume of their stomachs. The bay anchovy (Anclwa mitchilli) 
was the dominent vertebrate food item. This species comprised 27 per 
cent of all foods by volume and occurred in 32 (22 per cent) stomachs. 

LARGE FISH 

Although invertebrates occurred in 53 percent and constituted a 
third of the total food volume of stomachs from large fish, vertebrate 
organisms were the dominant food items. Vertebrates occurred in 66 
per cent of the stomachs and constituted 66 per cent of the total food 
by volume. 

Amphipods remained the dominant invertebrate food item (Table 
3), but the lady or calico crab (OvalifJes ocellatw) was frequently 
encountered in its soft-shell stage of development. This species oc
curred in 15 per cent of the stomachs and constituted 10 per cent of 
all foods by volume. Dominant verteb rate foods were the bay an
chovy (Anclwa mitchilli) and the squirrel hake (Umphycis chuss). 
The former species occurred more freq ucn ti y ( 15 per cent vs. 10 per 
cent, respectively), while the latter comprised a greater volume (6 
per cent vs. 15 per cent, respectively). The scup (Stenotomus chrysops) 
occurred in only three stomachs but constituted approximately 9 per 
cent of the total food by volume. 

ANALYSIS OF OCCURRENCE OBSERVATIONS 

Tables 1 to 3 indicate wide differences between the percentage 
occurrences of both invertebrate and vertebrate food items in rela
tion to fish size and season of capture. To determine whether they 
were real or only apparent, these differences were treated by analysis 
of variance techniques. The percentage data were transformed to 
the arcsin \ I X (Bartlett, 1947) and subjected to a weighted analysis 
based on the unequal subclass denominators (Yates, 1934; Cochran, 
1943) . Sources of variation were tested by chi-square rather than 
F as suggested by Steel and Torrie (1960) for binomially distributed 
data. The results of these tests are presented in Tables 4 and 5. 

TABLE 4. ANALYSIS OF VARIANCE FOR PERCENTAGE FREQUENCIES OF OCCURRENCE OF 

INVERTEBRATE FOOD ITEMS 

Source of Degrees of 
variation freedom 

Season . . . . . . . . . . . . . . . . . . . . 2 
Size . . . . . . . . . . . . . . . . . . . . . . 2 
Interaction . . . . . . . . . . . . . . . . ·1 
Error ................... . 

0 Significant at the .01 level of probability. 

Sum of 
squares 

22,683.02 
3,941.07 
6,1')5.51 

821.00 

x2 

27.63 .. 
4.80 
7.50 

x2 (.01) 

9.21 
9.21 

13.28 
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TABLE 5. ANALYSIS OF VARIAN CE FOR PERCENTAGE FREQUENCIES OF OCCURRENCE OF 

VERTEBRATE FOOD ITEMS 

Season 

Source of 
variation 

Size .. ..... ..... . ..... . ... . 
Interaction . . . . . .. . ...... . 
Error .... . ..... ....... . . . . 

Degrees of 
freedom 

2 
2 
4 

••Significant at the .01 level of probability. 

Sum of 
sq uarcs 

3'1,093.59 
22 .. 436.53 

7,993.6') 
821.00 

x2 

42.74 ... 
27.33• • 

9.74 

x2 (.01) 

9.21 
9.21 

13.28 

The chi-square values indicate significant differences between the 
relative occurrences of invertebrate food items by season (Table 4), 
and significant differences between the relative occurrences of verte
brate food items by season and size (Table 5). The rela tive occur
rence of invertebrates decreased between spring and fall, while that 
of vertebrates simultaneously decreased slightly between spring and 
summer but increased sharply in the fall. The relative frequency of 
vertebrate occurrences also increased as fish size increased. The ob
served decrease in the percentage occurrence of invertebrate foods 
corresponding to increases in fish size was not significant. These ob
servations are illustrated graphically in Figure I. 

DISCUSSION 

The data reveal that invertebrates, especially arnphipods, are im
portant food items for striped bass of all sizes (i .e., 275 to 940 mil
limeters) in the south shore surf environment of Long Island. Indeed, 
invertebrates occurred in 50 to 80 per cent, and constituted 35 to 85 
per cen t of the total food volume, of all stomachs by size category. In 
view of previous studies, these observations seem rather unique. \t\Thile 
it has been demonstrated by several authors that invertebrates con
stitute a major portion of the diet of juvenile striped bass (Scofield 
and Coleman, 1910; Hildebrand and Schroeder, 1928; Shapovalov, 
1936; Curran and Ries, 1937; Townes, 1937; deSylva et al., 1962; 
Heubach et al., 1963; Stevens, 1966; Thomas, 1967) , some of these 
and other researches also reveal that invertebrates generally occur 
much less frequently and in relatively smaller quantities in stomachs 
from large specimens. Stevens ( 1966) , for example, reported that 
invertebrate organisms averaged only 3 per cent or less of the total 
volume of food consumed by striped bass 2 years of age and older 
from the Sacramento-San Joaquin Delta region of California. Simi
larly, for the same general area, Thomas (1967) observed that al
though Neomysis occurred in 42 per cent of the stomachs of striped 
bass 6 to IO inches in length, this same food item occurred in only 8 
per cent of the stomachs of specimens II to 15 inches in length and 
From the Digital Collections of the New York State Library
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Figure 1. Percentage frequency of occurrence for vertebrate and invertebrate food 
items in striped bass stomachs according to season of capt.ure and 
size of fish. 

was entirely absent from stomachs .of specimens over 16 inches in 
length. Even for fish collected from a single school, Shapovalov 
( 1936) indicated that small crustaceans occurred in 63 per cent of the 

stomachs of striped bass ranging between 200 millimeters and 400 
millimeters in length , but occurred in only 12 per cent of the 
stomachs from striped bass between 400 millimeters and 490 millime
ters in length. Since such a wide variety and large quantity of fish 
are avai lable in the Long Island surf from May through November 
(Schaefer, 1967), it is difficult to explain the high occurrence and 

large volume of invertebrates in stomachs from medium and large 
striped bass collected there. Perhaps it is related to the commonness 
and abundance of amphipocls in the intertidal and subticlal ZGnes of 
sanely shorelines (Colman and Segrave, 1955; Sameoto, 1969) and to 
the frequent turbidity of the surf environment caused by severe wave 
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action. Striped bass, as well as other predatory fishes, may have a 
difficult time in pursuing and kill ing fast-swimming vertebrates under 
such conditions, and so resort to the more catchable invertebrates for 
food. Thomas (1967) suggested that the greater turbidity pres.ent in 
the Delta of the Sacra.mento-San Joaquin watershed was the most 
likely hypothesis for explaining the high incidence of mysids and low 
in cidence of fish in stomachs of juvenile striped bass collected there. 

It is further difficult to imagine striped bass as large as 600 millime
ters or more in length consuming amphipods .as small as 10 millime
ters or less, singly. It seems more likely that these organisms are 
ingested in much the same vyay as plankton are, for the most part, 
by typical plankton feeders, i.e., indiscriminately and in masses. If 
this is true, then the amphipods commonly encountered in the present 
study must literally occur in "swarms" in the south shore surf of 
Long Island, although this has not yet been documented. For nearby 
Great South Bay, however, Townes (1939) reported capturing single 
species of am phi pods in densities as high as 43,000 (A rn/Jelisca 
sfJinifJes) and 45,000 (Comphium insidiosurn) specimens per square 
meter. 

It is not particularly surprising that vertebrate foods increased· in 
their frequency of occurrence and in volume with corresponding in
creases in fish size. Other authors have made similar observations. 
Shapovalov (1936) , for example, found fish and fish remains in ap
proximately 85 per cent of the stomachs he examined from striped 
bass longer than 400 millimeters at V\Taddell Creek Lagoon in Cali
forn ia. Similar foods occurred in only 38 per cent of the stomachs 
collected from smaller individuals. For the Delta region of the Sac
ramento and San Joaquin Rivers, Stevens (1966) also reported that 
subadult and adult striped b ass . fed "primarily" or "almost .en
tirely" on fish, but the young and juveniles consumed these vertebrate 
foods to a much lesser degree. Jn Chesapeake Bay, H ildebrand and 
Sch roeder (1928) observed that "the larger fish had fed principally 
on fish, whereas the smaller ones had eaten mainly crustaceans' ', while 
farther north along the Atlantic coast, Bigelow and Schroeder (1953) 
indicated that herring, smelt, sand launce, eels and silver h ake were 
among the chief prey of larger bass in the G ulf o f Maine. 

T he significant decrease in the relative occurrence of invertebrate 
foods and the significant increase in the rela tive occurrence of verte
b ra te foods between spr ing and fall are most probably interrelated 
observations. Data are not presently available, however, to indicate 
whether these observations are attributable to a decrease in the abun
dance of invertebrates, an increase in the abundance of preferred fish 
or to a combination of these and other factors. Both Johnson and 
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Calhoun (1952) and Thomas (1967) reported that, while anchovies 
(Engraulis mordax), shrimp (Crago) and mysids (Neomysis) were 
important food items of striped bass throughout the year, anchovies 
occurred more frequently in the summer and fall diet and the in
vertebrates more frequently in the winter and spring diet. Stevens 
(1966) also noted a similar pattern for the diets of juven ile, sub
adult and adult striped bass in the Sacramento-San Joaquin Delta. 
The latter two authors suggested that these changes in diet were 
directly related to abundance and availability of specific food items. 
Jn view of this, the stomach contents records of the present investi
gation suggest that the bay anchovy, the most frequently occurring 
vertebrate food item, was more abundant in the surf environment 
during the fall than previously indica ted by an earlier study (Schader, 
1967). Nichols and Breder (1926) reported the species as being most 
numerous in the fall in the vicinity of New York. 

The fishes ingested by striped bass in the Long Island surf are 
also noteworthy in view of the observations made by other investiga
tors. The bay anchovy was also recorded by Hollis (1952) as one of 
the most commonly occurring foods in stomachs of striped bass from 
the salt waters of Chesapeake Bay. He observed that the bay anchovy 
was an abundant species there at the time of his collections. On the 
contrary, while only a few Atlantic silversides (Alenidia rnenidia) 
were encountered as foods in the present investigation, :Merriman 
(194 l) reported the species as the most common form in the diet of 

striped bass from nearby Connecticut waters. Of particular interest 
was the almost complete absence of herrings (Clupeidae), which are 
known to be abundant in the Long Island surf (Schaefer, 1967) , and 
mullets (M ugilidae) from the stomach contents. Both Hollis (I %2) 
and Merriman (1941) found one species of the herring family, the 
Atlantic menhaden (Brevoortia tyrannus) , to be a common food or
ganism of striped bass, while local fishermen presume mullets to 
dominate the d iet of striped bass in the surf during the fall months. 
The silver hake (Merluccius bilinearis), encountered infrequently in 
the present study, was listed as a chief food of striped bass in the 
Gulf of Maine (Bigelow and Schroeder, 19.53). 

Some of these feeding observations may offer a plausible explana
tion, in part a t least, for the disproportionately low catch ra tes in the 
sport fishery for striped bass in relation to their abundance in the 
Long Island surf. 'i\Then striped bass first appear annually in this en
vironment, usually in late April, sport fishermen traditionally seek to 
catch them with a variety of invertebrate baits. For the most part, 
these baits include bloodworrns (Glycera), sandworms (Ncreis) and 
clam meats (Mercenaria or Spisula) . In the present study, however, 

From the Digital Collections of the New York State Library



FEEDING HABITS OF STRIPED BASS - Schaefer 15 

these items occurred very infrequently among the stomach contents 
of the examined specimens during the spring, as well as throughout 
the summer and fall. It is suggested that since these baits are not 
normally preyed upon by striped bass in the surf zone, they may be 
generally a\'oided by the species in preference to food organisms 
which occur there in natural abundance. Thomas (1967) noted that 
" ... animals which live in the bottom, such as annelid worms and 
clams, seldom contribute significantly to their diet." 

Al though many anglers persist in fishing for striped bass with the 
aforementioned baits through August at certain south shore beaches, 
many also resort Lo arti ficial lures, generally imitative of small fish , 
by June (Briggs, 1965). This is an in teresting transition since, as 
the data again reveal, striped bass continue to feed primarily on 
small in\'ertebrate organisms throughout the summer period. As sum
mertime catch rates indicate (Briggs, 1962, 1965) , the transition by 
anglers to the use of artificial lures at this time is not particularly 
effective. Indeed, for the most part, catch rates for striped bass de
clined during this season . Briggs (1965) suggested, however, that the 
change in fish ing· methods may not have been prompted primarily by 
a desire to improve catches of striped bass, but rather by a desire to 
avoid the capture of other bothersome species such as the northern 
puffer (Sphaeroides maculatus) which occurs in abundance in the 
surf from late May to September (Schaefer, 1967). 

The contin uation and increase in the use of artificial lures into the 
fall seems to be a successful practice, as indicated by the general in
crease in the catch per effort for striped bass at that time of year 
(Briggs, 1962, 1965) . Certainly this technique, which is designed to 
mimic forage fish, is in accord with the [all feeding preferences of 
the striped bass in the surf environment. Since fish constitute the ma
jor portion of the diet of the species between late September and late 
November, it seems reasonable to conclude that the traditional fishing 
method employed at this time of year is the most appropriate one. 

Briggs (1965) concluded from his data that anglers seeking striped 
bass in the Long Island surf "would do better to fish during the 
spring or fall migrations of this fish when the degree of success is 
higher." Since the species is a lso abundant in this environment dur
ing the summer (Schaefer, 1967), an ah.ernati ve suggestion is of
fered which might make more efficient use of the ava ilable resource. 
Based on the observations of the present investigation, it would seem 
wiser for anglers to experiment with non-traditional baits and lures 
which bctte1· parallel the seasonal feeding preferences of striped bass 
along the outer beach, especially during the summer months. It 
should be noted, however, that, based upon the small sizes of many 
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of the most common food organisms encountered, the development of 
new fishing techniques and the use of non-traditional surf-angling 
gear may be required to do this. 
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FEASIBILITY OF STOCKING MOOSE IN THE ADIRONDACKS 
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ABSTRACT 

Sugg·estions that moose might be reestablished in the Adirondack region of New 
York prompted a review of avai lable information concerning the feasibi lity of such 
an undertaking. Moose were native to the Adirondacks, but they disappeared 
shortly after the mid-1800's. All the basic environmental req uirements for sustain
ing a moose population appear still to be present. However, virtually all habitat 
suitable for moose is now overstocked with deer. F urth ermore, the deer are heav ily 
infested with a nematode, Pneumoslrongylus lenuis, to which they are largely 
immune but which causes a generally fatal neurologic disease in moose. The evi
dence indicates that this moose disease would doom any stocking effort to fai lure. 

Suggestions that moose (Alces a.lees) might be reestablished in 
the Adirondack region of New York prompted a review of available 
information concerning the feasibility of such an undertaking. Since 
moose were numerous there in colonial times, the region is funda
mentally suitable for the species. However, over the past century, the 
environment has been substantially altered by man's occupation and 
related influences. This paper represents an effort to assess present 
conditions in the region in relation to the possibil ity that stocking 
might be successful. 

HISTORY OF MOOSE JN THE ADIRONDACKS 

V\lhen the Adirondack region was first explored, moose were plen
tiful (Grant, 1902). They remained so through the early 1800's. Dur
ing this time deer were scarce, especially in the central part of the 
region. About mid-century the moose disappeared. 

The last authenticated record of a native moose taken in the Adi
rondacks was that of a cow killed in 1861 near Raquette Lake in 
Hamilton County (Merriam, 1886). However, Colvin (1874) re
ported that "in a few of the most remote portions of the wilderness 
[Adirondacks] we have met with indications of the Moose, which, 
to some of the guides, seemed unmistakable. This gigantic deer is, 
however, almost extinct in the Adirondacks" . 

lVri ting in 1878, Colvin (l 880) noted that moose, imported from 
Maine and Nova Scotia, "have been restored to the grounds of the 
Adirondack club, near Lake Sanford". Between 1894 and 1903, sev
eral owners of preserves in the central Ad irondacks imported moose 
and liberated them on their lands, notably Nchasane Park in northern 
Hamilton and Herkimer Counties. But the numbers were few. The 
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largest liberation (six males and six females) was made by the State 
at Uncas Station near Raquette Lake in 1902-03. The records that 
could be traced were summarized by Bump (1940). Although vari
ously reported for several years, these animals soon disappeared. 
Some were known to have been poached, and others were believed to 
have perished in the extensive forest fires that occurred during that 
period. 

In recent years, moose have been observed from time to time in 
New York, chiefly in the Adirondack region. l~ollowing is a chrono
logical summary of the observations recorded.1 

Jn J 93G, Raymond Burmaster, game protector, reported that a bull 
moose was seen near Elizabethtown in Essex County. 

Jn 1937, a moose was reported as having been seen near Coreys on 
Upper Saranac Lake in Franklin County in the late summer, and a 
bull moose was shot on nearby Bartlett Mountain during the hunting 
season. This was considered to be the same one seen the year before. 

In 1950, a moose was seen on a road near Tupper Lake in Franklin 
County in the late summer. Ten clays later, a moose was seen on two 
successive days at the Troy Country Club in Rensselaer County, and a 
few days after that one was reported to have been seen a few miles 
south of Rutland in Vermont. A moose, believed to have been this 
same animal, was subsequently sighted in several localities in Massa
chusetts and continued to wander southeasterly, finally disappearing 
after being seen in Rhode Island. 

Jn the win ter of 1951-52, three moose were seen being "clogged" 
into the St. Lawrence River from the Canadian side. They landed 
near Reel Mills in St. Lawrence County. A bull and a cow were seen 
near Reel Mills in January and stayed between Reel Mills and Louis
ville all winter, but they had gone by April. 

In 1952, a moose was seen near Tupper Lake during the late sum
mer, and one was encountered on the highway near Coreys in Sep
tember. During September and October, moose tracks were found by 
Greenleaf Chase, conservation biologist, along the Cold River in Ham
ilton County. In early October, a moose passed east of Long Lake 
Village in Hamilton County leaving numerous tracks identified by 
Chase. In late October, moose tracks were reported by a forest ranger 
in the vicinity of Glasby Plain on the Oswegatchie River in St. 
Lawrence County. Jn December, a moose was reported at Chase Lake 
in Lewis County that wintered there and disappeared. It is believed 
that these observations represented the same moose and that it was 

lThe authors are indebted to Greenleaf Chase, conservation biologist, and John 
E. Wilson, regional supervisor of fish and wildlife, N .Y.S. Conservation De
panment, for most of the recent records of moose in this State. 
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one of the three that crossed the St. Lawrence River the winter before. 
Connecting the seven locations in sequence with straight lines makes 
a total of about 217 miles bounding an area of about 1,800 square 
miles. 

In the winter of 1958-59, Carl Prue, conservation officer, reported 
th at a moose was seen crossing .the St. Lawrence River on the ice from 
Canada near Louisville Landing in St. Lawrence County, and there 
were several reports of moose being seen in the vicinity of Louisville 
during the pike run in the Oswegatchie River. 

In 1962, during August and September, a moose was reported as 
having been seen near vVin throp and Brasher Falls in St. Lawrence 
County, near St. Regis Falls, D uane, Mountain View and ' 'Volf .Pond 

• moose seen 

o moose tracks seen 

x moose legs found 

Figure 1. Locations where moose or their tracks have been seen in northeastern 
New York in recent years. Sequences repr esenting same animal based 
on judgment of: Raymond Burmaster, conservation officer, for 1936-37; 
Greenleaf Chase, conservation biologist, for 1951-52; and Carl Prue, .con
servation officer, for 1958-1962. 
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in Franklin County and near the "spring" at Upper Chateaugay Lake 
in Clinton County. On October 25 a male moose, 2Yz years old and 
weighing 830 pounds, was shot in the Rocky Brook section on the 
west side of Upper Chateaugay Lake in the Town of Bellmont in 
Franklin County. T wo other moose were reported to have been with 
this male, and a female was rumored to have been shot (but not re' 
covered) in the same area about 2 weeks later. One of these is believed 
to have been the moose that was seen crossing from Canada in 1958,59. 

In 1963, Carl Prue reported the tracks of a small moose about 
March l along the Deer River about 3 miles north of the Everton 
Road in the Town of Brandon in Franklin Coun ty. Also during 
Mar.ch, Father Mayo saw moose tracks in the same town near Skerry. 

In. J 966, vVilliam Benson, State wildlife trapper, saw .the tracks 
of two moose near Streeter Lake in St. Lawrence County in late Sep
tember, and it was reported to him that a full-grown cow and a 
small bull had been seen. The following spring, Carl9s Law, caretaker 
at the Schuler estate at Streeter Lake, found two legs of a moose in a 
ditch beside a road about y,j mile no;theast of th e lake and about 2 
miles from where Benson h ad seen tracks the previous fall. T his moose 
had apparently been killed in the early winter. 

In 1967, Mr. and Mrs. \!\Toods of Reynoldston sighted a moose from 
their car near the Brandon-Dickinson town line on October 12, and pn 
November 7 Thomas Campbell of Skerry a few miles to the east saw a 
moose track in his potato field. 

Beginning with the one seen in 1936, at least 13 different 111oose 
have wandered into New York (Figure l). Only one is known to 
have left the State. The other 12 all disappeared in the Adirondacks, 
and only two are known to have been shot. Jt would seem from these 
records that the life expectancy of a moose that wanders into the 
Adirondacks is much less than l year. Only one is known to have 
smvived as long as 12 to 15 months. 

MOOSE HABITAT AND ECOLOGY 

Available information on the environmental requirements of moose 
has been reviewed, and pertinent data are summarized. Habitat is 
considered to include soil, climate, topography, cover and food . T h e 
relationships of moose and deer where they occupy the same range 
are also discussed. 

HABITAT REQUIREMENTS 

The habitat requirements of moose and the environmental factors 
limiting moose distribution and abundance are rather sketchily 
documented. 
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Son, Moose range in Nord1 America extends over many soil 
types, but no importance has been placed on associating the soil type 
with the presence of moose. However, the vast majority of the range 
is on strongly acid soils. Very little has been done in the way of relat
ing soil deficiencies to the existence of moose, their population den
sity or their physical size. Telfer (1965), referring to available in
formation on soil types in Nova Scotia, found no serious deficien
cies in any element including cobalt. Nevertheless, soils are important 
because they influence the vegetation which provides cover and food. 
Cover, in turn, affects the microclimate in which moose exist. 

Cu:MATE AND TOPOGRAPHY Several studies have been made 
in an attempt to relate climatic conditions to the distribution of 
moose. Telfer (1965, 1967a, 1967b, 1968b) considered the relation
ship between snow depth and distribution. He and Des Meules 
(1962) showed that snow depths in excess of 36 inches severely lim-
ited the movements of moose. Des Meules (1964) reported a mini
mum bedding depth of 24 inches and a maximum of 40 inches. \'\There 
topography was involved ;md snow depths were greater at higher 
elevations, moose tended to move to higher ground to find a yarding 
area where snow depths were optimum for heckling. Telfer (l967a) 
found in Nova Scotia that moose tended to stay the year around at 
elevations above 600 feet. However, this was probably because of the 
climate, food and shelter at those elevations. 

Temperature has not been shown to affect the distribution of 
moose, but it may influence their seasonal movements. Jn mountain
ous western range, seasonal migrations take place (Hosley, 1949; 
Spen cer and Chatelain 1953). Moose winter in tbe lowlands then 
migrate to the uplands for the summer and fall. They have been seen 
at timberline during the summer (Telfer, 1965-66). Moose do not 
frequent the tundra or sub-alpine types (Pimlott, 1953; Telfer, 
1965-66) . Jn Michigan (Hickie, 1938), Newfoundland (Pimlott, 
1953) and New Brunswick (Telfer, 1968b) where differences in 
elevation are minor, moose still move about from place to place, 
but food and cover may be the more important underlying causes. 

CovER The boreal zone with its associated plant communities 
includes the vast majority of North America's moose range. !\loose 
are resident from Newfoundland to Alaska. Established populations 
are found as far south as \'\Tyoming, northern Michigan, northern 
Minnesota, Maine and New Hampshire. Originally moose were found 
in larger areas of \ '\Tyoming, Montana, Michigan, and Minnesota and 
were also resident in Wisconsin, Vermont, Massachusetts, New York 
and Pennsylvania (Hosley, 1949). The cover over much of their 
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original range consisted of mixed hardwoods and conifers. Such areas 
are a transition between southern hardwoods and boreal forest. 

The present population occupies areas where the predominent cli
max fo rest is coniferous. In the Northeast this consists chiefly of 
white spruce (Picea glauca), red spruce (P. rubens), black spruce 
(P. rnarirmo), balsam fir (A bies balsamea) and tamarac (Larix 

laricina). Hardwoods associated with these conifers are paper birch 
(Betula pafJyrifera) , pin cherry (Prunus pennsylvanica), choke cherry 
(P. virginina) and quaking aspen (Populw tremuloides) . On the 

southern limit of the range several maples (Acer sp.), ashes 
(Frnxinus sp.), yellow birch (B. lutea), gray birch (B. fJopulifolia), 
beech (Fagus gmndifolia) and black cherry (P. serotina) are com
mon in the overstory. Preferred moose habitat is characterized by 
flat to moderately hilly terraine with coniferous lowlands and swamps 
interspersed with ridges of mixed hardwoods and conifers. \!\There 
present, old burns are an extensively used cover type. 

Foon Food preferences are of interest in relation to competi-
tion between moose and deer (Odocoileus virginianus) for the same 
species and for the total food supply available. Information pertinent 
to conditions in the Adirondacks is summarized by season. 

Mech (1966) reported that on Isle Royale in Michigan the pre
ferred summer browse was sugar maple (A. sacclrnrum), mountain 
maple (A. s/1ical11rn), mountain ash (Sorb11s auwparia), paper birch, 
yellow birch, aspen (Pofmlus sp.), willow (Salix sp.), pin cherry 
and red-osier dogwood (Camus stolonifera). Dur ing this season 
moose also feed on aquatic plants. Preferences in central Ontario, as 
reported by de Vos (1958), were - early June: horsetail (Equisetum 
sp.); June and July: eel grass (Vall isneria americana), pondweed 
(Pot01nogelon SfJ.), yellow pond lily (NufJhar advena) and bulrush 
(Scirjms sp.) ; from July through September: eel grass and pond

weed. He also found wild rice (Zizan ia sp.) to be heavily used 
where available. 

With respect to winter and spring, Dyer (as reported by Hosley, 
1949) found that the principle browse species eaten by moose in 12 
yards in the i\'ft. Katahdin region of Maine were balsam fir, moun
tain maple, striped maple (A. fJem1sylvrmicum), mountain ash, paper 
birch, pin cherry and aspen. However, these were also the predomi
nant species present, and they were eaten at roughly the same rates 
as their availability except for paper birch which was taken to a 
much lesser degree. In Newfoundland, Bergerucl et al. (1962) found 
paper birch to be the preferred winter food species, 'while balsam fir 
provided the staple (90 per cent) diet. Under penned conditions an 
adult moose consumed 67 pounds of balsam fir and I I pounds of 
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paper birch per day. Others (Des Meules, 1961 , 1962; Hickie, 1938; 
Jordan, 1964) have reported similar findings elsewhere. Also in 
Newfoundland, Pimlott (1953) used ground hemlock (Taxus brevi
folia), paper birch and balsam fir as indicies of browse use and found 
that, where there was an overpopulation of moose, browsing on white 
spruce was evident. 

MoosE - DEER RELATIONSHIPS 

In the Northeast, moose and deer occupy similar habitat a nd feed 
on the same browse species. \!\There their ranges overlap, as would be 
the case if moose were stocked in the Adirondacks, they compete, in 
various degrees, for food and shelter. In such situations, any substan
tial increase in one species tends to be achieved at the expense of the 
other. This relationship, as well as their combined effect on the en
vironment, must be considered in evaluating the desirability of in
troducing one species on range already occupied by the other. There
fore, data from parts of southern Canada where the ranges of moose 
and deer now overlap are of interest. 

A study of this relationship is being carried on by Telfer (l 967a, l 967b, 
1968a) in Nova Scotia where deer are the introduced species. All 
elements essential to both moose and deer are present in the soils 
there, and browse supplies were considered adequate. T he deer have 
done well where old farmland has reverted to hardwoods and where 
logging or fire has created large areas of sprouting h ardwoods and 
secondgrowth. He estimated the average population densities on a 
five-county study area along the eastern mainland of the province to 
be 1.6 moose and 10 deer per square mile. However, the areas oc
cupied by the two species were found in general to be separate. On 
his study area moose very largely stayed the year around on a plateau2 

that begins at about 400 feet elevation and reaches a maximum of 925 
fee t. They wintered chiefly above 600 feet. Although deer moved into 
this area during the summer and fall, they returnee\ to lower elevations 
as snow accumulated, and their winter concentration areas were 
mostly below 600 feet. 

Telfer (1968b) also studied this relationship on an area in New 
Brunswick where the maximum elevation was 375 feet. He obse rved 
oo general movement of either moose or deer that could be related 
to differences in elevation. The two species tended to use the same 
cover types during late winter and spring. Their actual wintering 
grounds, however, overlapped on only 1 per cent of the area. Tempera
tures in comparable stands of reel spruce in wintering grounds of the 

2Part of the Cobcquid Hills, a plateau area of about 1,000 square miles. 
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two species averaged 4°F. higher in the one used by deer. Moose 
"yarded" where snow depths ranged up to 34 inches, but deer never 
yarded in snow over 22 inches deep. 

As already mentioned, moose rely heavily on balsam fir and paper 
birch for winter food in Newfoundland and Quebec. But, on the 
southern limit of their range in Ontario and Maine, the maples and 
other hardwoods which are staple foods of deer occur more frequently 
in their winter diet. Moreover, an adult moose eats 50 to 60 pounds 
of browse per day (Bergerud et al., 1962) while an adult deer eats 
only 4 to 6 pounds (Maynard et al., 1935). Also, moose normally 
browse a stratum from 3 to 8 feet from the ground, while deer browse 
from 0 to 5 feet. And moose damage to small trees is often severe 
because they are prone to ride down saplings and break them off to 
obtain food. Thus, moose would have a detrimental effect on the food 
supply of deer where the two species occupied the same wintering 
grounds. However, moose can move freely in deep snow where deer 
are restricted, and, as observed in Nova Scotia by Telfer, the two 
seldom winter in the same areas. 

In the Adirondacks winter is the critical period for deer, and where 
deep snows occur they concentrate in the same lowland wintering 
areas year after year. Any competition with moose for food would 
be most important in these localities. Furthermore, in the central 
Adirondacks where the possibility of establishing moose would be 
greatest, it is unlikely, because of the topography, that moose would 
winter in separate areas. 

SUIT ABILITY OF THE ADIRONDACKS FOR MOOSE 

The Adirondack Forest Preserve together with the Tug Hill plateau 
may be considered broadly to constitute the potential moose habitat 
in the Adirondack region. This area comprises nearly 2~ million 
acres. Although elevations range from about 1,500 feet to over 5,000 
feet and sections are mountainous, a large proportion of the area is 
only moderately hilly with many lakes, ponds and swamps. Soils are 
moderately coarse-textured and strongly acid and occur on glacial till 
emanating from granite rock (Cline, 1955). Mean temperatures 
range from 55° to 65° F. in June, and from 10° to 20° F. in Jan
uary. M ean annual snowfall ranges from 60-80 inches along Lake 
Champlain to 160-180 inches on Tug Hill (Mordoff, 1924). 

Cover types vary from mixed hardwoods and pine to spruce and 
fir. In general mixed hardwoods are found on south- and east-facing 
slopes, while spruce and fir predominate on north slopes and in 
acid bogs (Smith, 1955). All of the principal foods Jf moose are 
present in various degrees of abundance, except for ground hemlock 
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which has been largely eliminated by deer. The shrubs usually asso
ciated with northern hardwoods are also present. 

All the basic environmental requirements for sustaining a moose 
population appear to be present in the Adirondack region. However, 
virtually all habitat suitable for moose is already overstocked with 
deer. Since both species depend on browse for their food, they would 
compete for the available supply. Competition woulcl be most sig
nificant with respect to winter range. Although major winter foods 
of moose in southern Canada, such as balsam fir, paper birch and 
ground hemlock, are less plentiful in the Adirondacks, moose would 
find the browse used by deer a satisfactory alternative. 

The ridges in the vicinity of coniferous valley-bottom wintering 
grounds are essential feeding areas for deer during the early winter 
and in early spring. They would also constitute the h abitat preferred 
by moose throughout the winter. Since the rate of browse consump
tion by moose is 5 to 10 times that by deer, any appreciable popula
tion of moose would severely reduce the common food supply. This 
would cause the deer to feed to a greater degree within the wintering 
ground itself than they usually would and increase the possibility of 
overbrowsing. vVintering grounds already overbrowsed, or nearly so, 
would deteriorate at an accelerated rate. The resultant lowered over
all carrying capacity for deer would be followed by a clecline 111 

population. 
It might be theorized that the presence of a few small groups of 

moose in the Adirondacks would be worth the loss of deer that might 
be involved. However, it is not realistic to expect that such a situation 
could be maintained. If such a group were to become established and 
thrive, other suitable habitat would be occupied as time went on. But 
there is no evidence that the liberation of any reasonable number of 
moose would be successful. Like other animals released in a strange 
environment, liberated moose would wander, often substantial dis
tances. Thus it would be extremely difficult to establish an effective 
breeding nucleus at any chosen site. Also, even in localities that are 
"remote" for the Adirondacks, substantial mortality from illegal hunt
ing would be likely. But, in any case, the paramount factor that 
would probably cause a moose-stocking project to fail is disease. 

MOOSE DISEASE 

For many years there have been reports from the southern part of 
its range of unexplained mortality among moose that was ascribed 
to "moose sickness". Recent findings indicate that a nematode (round
worm), Pneumostrongylus tenuis, is the cause of the malady. The para
site affects the cerebrospinal nervous system, and Anderson (1965b) elem-
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onstrated that it has little pathologic effect on white-tailed deer but is 
deadly to moose. 

CHARACTERISTICS AND SIGNIFICANCE 

Moose sickness or moose neurologic disease as described by Ander
son (1965b) is "characterized by locomotor ataxia, general and lum
bar weakness, apparent deafness and blindness or impaired vision, 
fearlessness, listlessness, circling (often associated with peculiar posi
tions of the head and neck), and paraplegia. It is found in moose of 
all age groups at all periods of the year. ... Death often follows 
paraplegia which may be considered as a frequent terminal stage of 
the disorder." It has been reported in moose from New Brunswick and 
Nova Scotia (Smith et al., 1964), Maine (Behrend and Witter, 1968), 
Ontario (Anderson, l965a) and Minnesota (Kurtz et al., 1966). 

Anderson (l965b) commented on the occurrence of the disease in 
moose and its relationship to deer as follows : 

"Moose neurologic disease is a common and widespread phenomenon on the 
southern fringe of moose distribution in continental eastern North America 
having been reported in Minnesota, southern Ontario, southern Quebec, Maine, 
New Brunswick and Nova Scotia . ... the known distribution of the disease 
indicates its occurrence only in regions where white-tailed deer and moose 
overlap in abundance. We are then able to explain its absence in such places 
as Newfoundland and Isle Royale where there are no deer. 

"Moose are considered by many specialists as more recent arrivals to North 
America from Eurasia. Possibly there was not originally too much contact 
between moose and white-tailed deer because one was confined largely to the 
southern parts of the continent and the other to the northern parts. There 
seems to be considerable evidence that the white- tailed deer has recently ex
tended its range northward and increased markedly in areas where moose 
were once predominant. Thus, moose may first have been exposed on a large 
scale to P. tenuis. a parasite to which they are apparently highly susceptible 
and poorly adapted (cf. the pathogenicity in deer and moose) within recent 
times. This would help to explain the lack of well-authenticated records of 
this rather spectacular disease prior to about 1912 and why it seems to occur 
precisely in those areas on the southern limits of moose distribution where 
moose and deer come into contact in greatest numbers." 

Other studies have also provided evidence of the significance of the 
disease. Karns (1967) concluded that, in Minnesota, it was prob
ably responsible for the major population decline of moose in the 
1920's and 1930's. In Nova Scotia, Telfer (1967a) found that in the 
Cobequid Hills a population of moose thrived apparently because it 
occupied an area little frequented by deer, but he also stated that "The 
decline of moose in the rest of Nova Scotia has been linked to 
"moose disease" by Benson (1958) and Dodds (1963)." 

THE CAUSATIVE ORGANISM 

The nematode, Pneumostrongylus tenuis, occurs in the brain and 
spinal cord of wild cervids (deer, moose, elk, caribou) and sheep. It 
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has been found among deer throughout easlern North America at 
least as far south as Virginia, and its incidence has been shown to be 
directly related to the density of the deer population, i.e., the greater 
the density of deer, the greater the incidence of the parasile. Ander
son (1963) described its incidence and development in deer. 

LIFE CYCLE T he adult worms are found in Lhe subdural 
space, especially of the cranium, and also in Lhe cranial sinuses which 
are possibly more important locations especially in long-standing in
fections. There they deposit their eggs. Upon hatching, the larvae 
enter small b lood vessels near the egg masses and are carried to the 
lungs where they break out into the alveoli (air cells). Eggs are also 
deposited directly into the blood stream and are carried to the lungs 
in great numbers where they form minute, scattered embolisms that: 
become fibrosed. The larvae from these eggs also enter the alveoli. 
From the lungs, these first-stage larvae move up the respiratory tract, 
are swallowed, and are passed out in the feces. 

The larvae then infest a snail or slug which serves as intermediate 
host. Jn Nova Scotia, Parker (1966) reported at least 20 species of 
snail and five species of slug to be potential intermediate hosts of 
P. tenuis. Essentially the same species of snail Were reported for Al
gonquin Park in Ontario by Anderson (1965b). All are terrestrial 
and were found in all forest types. Snails of this sort are distributed 
generally throughout the Northeast. 'i\Thether aquatic snails harbor 
the parasite was not determined. 

Deer become infected when they ingest infected mollusks with 
their food . Snails and slugs are particularly common in the spring 
and are found on vegetation in wet situations. Areas of high infection 
are where deer concentrations are greatest at this time. Presumably 
the same would be true for moose. 

After being ingested, the larvae find their way to the cranial and 
spinal region and develop into adult worms. T he following note by 
Anderson (1965b) is of interest. 

"A remarkable feature of the life cycle is the fact that the early development of 
P. tenuis in deer takes place in the parenchyma of the spinal cord - mainly 
in dorsal horns. The medulla oblongata is sometimes invaded but rarely other 
regions of the brain. By 40 days, however, worms leave the parenchyma and 
mov.e into the spinal subdural space where they mature. They tend to ac
cumulate thereafter in the cranial region and they may penetrate the cranial 
dura mater and enter the intercavernous sinus behind the pituitary fossa . In
fected fawns start to pass larvae 82-91 days after infection." 

INCIDENCE IN DEER Wherever P. tenuis has been found in 
white-tailed deer the incidence of infection has been high. In Ontario, 
adults were found in 41 per cent of 172 adult deer, but a much 
higher percentage were passing first-stage larvae in their droppings 
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(Anderson, 1965b). In :Minnesota, Karns (1967) found adult wmms 
in 49· per cent of 140 heads examined. He also reported that all deer 
over 4\1:2 years old were infected and that the rate of infection ranged 
from 68 per cent at high deer population densities to 39 per cen t 
when densities were lower. In Maine, Behrend and ' '\Titler (1968) 
found the parasite in 84 per cent of 196 heads of deer of all ages, 
the : incidence in adults · being 90 per cent and that in fawns 66 per 
cent. T hey concluded that P. tenuis occurred in all parts of Maine. In 
Pennsylvania, Alibasoglu et al. (1961) found it in 80 per cent of 80 
deer heads examined. In Virginia, Dudak et al. (1965) found it in 
68 per cent of adult males examined and in 80 per cent of females 
over 1 Y:2 years old. 

Jn New York, as reported elsewhere in this issue, Behrend (1970) 
found that 77 per cent of 180 deer h eads from the Adirondack region 
contained this parasite. Incidence was independent of sex and geo
graphic location within the region, but it was directly related to the 
age of the deer. 

En·EcT ON MoosE The general symptoms of moose disease 
l1ave been described. However, little is known of the specific effects 
of the parasite on an infected animal. Anderson (1965b) reported 
that, after 3 weeks, moose calves experimentally infected with larvae 
of P. tenuis shed from deer became lethargic and seemed unwilling 
to rise. ' '\Torms were found in the brain as well as within the sub
dural spaces, especially of the spinal cord where extensive trai1matic 
lesioris were found throughout. He commented Funher as follows: 

.. althoug·h development of P. tenuis in moose was similar to that in deer 
in the sense that worms, developing mainly in dorsal horns, were at the same 
level of development as they would have been in deer at comparable times, 
the amount of .traumatic damage clone to the parcnchyma was much greateL 
Several factors contributed to bring this about. Firstly, worms invaded and 
damaged the central canal. Secondly, worms coiled upon themselves in the 
dorsal horns and inflicted considerable traumatic damage to surrounding tis
sues; indeed in some places dorsal horns were largely replaced by worms. 
Thirdly, worms stayed an abnormally long time in the cord and, as growth 
continued normally, their size alone became a factor in the amount of damage 
clone. Fourthly, the calves seemed to lack resistance to the infection as indi
cated by the fact that we were able to account for 41 of the 200 worms 
used for infecting one of the calves; this is a recovery far in excess of that 
whii:h we have come to expect in deer given even double the number of in
fective larvae." 

DISCUSSION 

At the time moose were plentiful in the Adirondacks, deer were 
virtually absent, and they disappeared at about the time deer began 
to be numerous there. Whether or not moose disease was a factor 
will never be known, but current evidence of the incompatibility of 
moose and deer makes it a possibility. 
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In addition to the liberations of moose in the 1890's and early 
1900's that have been noted, elk were also stocked in the region. 
Between 1895 and 1906 about 275 elk were released, the number at 
any one point, in any one year, varying between four and 51. They 
were liberated in Litchfield Park (Hamilton County), N ehasane 
Park (Herkimer County), Forked Lake (Hamilton County), Whitney 
Preserve (Hamilton County), Racquette Lake (Hamilton County), 
Bay Pond Park (Franklin County), Saranac Inn (Franklin County), 
Paul Smith's (Franklin County), Big Moose Lake (Hamilton-Herki
mer Counties), Harris Lake (Essex County), v\Toodruff Pond (Essex 
County), Lake George (Warren County) and Tongue Mountain 
(Warren County). In 1916, a carload (possibly 25 animals) was 
liberated in the Adirondacks. In 1932, six animals, all adults, were 
liberated at the De Bar Mountain Game Refuge (Franklin County) . 
None of these liberations resulted in the establishment of a popula
tion. In most instances some animals survived for several years, but 
the exact cause of their disappearance was unknown. In all prob· 
ability, poaching was a significant factor. However, recent studies 
(Anderson et al., 1966) have indicated that P. tenuis, the cause of 
moose disease, is apparently fatal to elk also . 

Neither deer nor moose were native to Newfoundland, and deer 
have never been introduced. Records compiled by Pimlott (1953) 
show that a bull and a cow were liberated in 1878 and that two bulls 
and two cows were liberated in 1904. The first pair apparently did 
not thrive. The second introduction, however, has resulted in a popula
tion of some 40,000 that is distributed over the entire island. It seems 
more than coincidence that this took place in the absence of deer. 

Similarly, Isle Royale in Lake Superior, which has no deer, supports 
a moose population of about 600. :Mortality is primarily clue to 
predation by wolves (Mech, 1966). 

In spite of the presence of deer, sparce populations of moose per
sist in the Upper Peninsula of Michigan, northern Vermont and 
northern New Hampshire. The range in Michigan is peripheral to 
Ontario range that is occupied by a substantial moose population. 
Pimlott and Carberry (1958) observed that "moose probably filter 
in from Ontario and ... this ingress may be important in maintaining 
a Michigan moose population." The range in New Hampshire, and 
secondarily that in Vermont, is peripheral to that of Maine where 
moose are more abundant. Perhaps recruitment from Maine is a fac
tor in maintaining moose in New Hampshire and Vermont. How
ever, New York has no adjoining moose population. Those that have 
been recorded from within the State in recent years must be con
sidered as wandering strays. 
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CONCLUSIONS 

Moose were native to the Adirondacks, and the habitat there ap
pears to still be suitable for the species. Deer now occur throughout 
the potential moose habitat. If moose were introduced, they would 
compete seriously with deer for the common food supply in any area 
where they became established. However, conceding the effect on 
deer in selected localities, and assuming that the other difficulties of 
establishment could be overcome, the evidence indicates strongly 
that moose disease would doom any stocking effort to failure. This 
conclusion is corroborated by the findings of Behrend (1970). 
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ABSTRACT 

During the period from 1961 to 1968, a total of 6,887 snails were collected from 
eight d ifferent sites in Lake Champlain in the vicinity of Plattsburgh and were iso
lated individually in lake water according to genus and species. Each snail was 
examined daily for one week for shed trematode cercariae. The number and name 
of each type of cercaria observed were recorded for each genus of snail. Ten 
families of cligenetic trematodes were represented. T he relationships of each type 
of trematode with its definitive host are discussed to indicate the importance of 
these parasites to the health of their fish, bird and mammal hosts. 

There are approximately 200 species of digenetic trematodes known. 
The adults parasitize a wide range of vertebrates, including amphibi
ans, fish, birds and mammals. Larvae parasitize both invertebrates and 
vertebrates which are usually involved in a food chain to the definitive 
host (the host that harbors the sexually mature parasites). The eggs 
of these trematodes are passed out of the bodies of the definitive hosts 
in feces or urine. Continuation of the life cycle depends upon these 
eggs reaching the proper environment for survival and access to the 
first intermediate hosts. 

The distribution of digenetic trematodes is dependent upon the dis
tribution of molluscs suitable as intermediate hosts. The definitive host 
may disseminate the trematode eggs throughout its range of move
ment, but, if the proper moll uses are not present to receive the larval 
parasites, the trematodes will fail to complete their development. The 
types of mollusc living in a given area are, therefore, important to 
the well-being of game fish, birds and mammals in that the molluscan 
fauna may become a source of infection by potentially harmful trema
todes. Knowledge of the trematodes harbored by vertebrates is of lim
ited value for evaluating parasite hazard unless a study of the mollus
can fauna is also made. On the other hand, a study of the molluscan 
fauna and the types of cercariae which it harbors in a given area can 
indicate the " trematode risks" to vertebrates in that area. The present 
study was concerned with the kinds of snails that occur in Lake 
Champlain in the vicinity of Plattsburgh and the identities of the 

lThis study was supported by the Lakes and Rivers Research Laboratory, State 
University College at Plattsburgh, and the State University R esearch Foundation. 
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larval digenetic trematodes harbored by these molluscs. The proportion 
of infections among snails was considered a good indication of the 
prevalence of each trematode in the study area. 

The study area extended along the western shore of Lake Champlain 
from Plattsburgh Bay to V1Tickham Marsh just north of Port Kent. The 
following collecting sites were used (Figure I): 

(A) Scomotion Creek (Dead Creek) 

(B) Moffit's Road (drainage ditches) 

(C) Crab Island 

(D) Valcour Island 

(E) Valcour Educational Center 

(F) Ausable Point State Park 

(G) Ausable Point wildlife conservation area (behind towers of 
radio station WEA V) 

(H) ·wickham Marsh 

:MATERIALS AND METHODS 

All of the collecting sites, except two, are easily reached by road; 
sites C and D are reached only by boat. The boat "Argo" of the State 
University College at Plattsburgh was used to collect at these sites. 
T he work was carried on from 1961 to 1968. 

Snails were either picked up by hand or clipped out of the water 
with a tea strainer attached to a broom handle. All snails were isolated 
individually in jars and vials of appropriate sizes with lake water and 
small pieces of lettuce for food. Each was labelled showing date col
lected, site, genus and type of snail, and they were then separated ac
cording to collecting site and genus. 

Observations were made daily over a I-week period. vVhen possible, 
each trematode cercaria shed by a snail was identified and recorded for 
that snail. The total number of infections by each trematode was re
corded for each snail species. This was done daily and continued for all 
collections at each site. After all these observations were made, the un
infected snails were returned to the sites where they had been col
lected, while the infected snails were maintained in aquaria for use in 
teaching and research. 

RESULTS 

Site F contained the most snail species, followed, in decreasing order, 
by sites, A, D, B, G, C, E and H (Table I). The snail with the widest 
distribution was Lymnaea palustris which was found at six of the 
eight sites. The other snails identified, in decreasing order of dis-

From the Digital Collections of the New York State Library



OGardenf. 

"-4 

I 
I 

I 

I 
I 

\ 
I 
I 

I 

I 
\ 

\ 

\_" 
c:-

[ 
Providenced 

' ' 

95 

ing sites. 
Vig"" 1. M' p of <l>e p,,., of L•ke (Oh, mp1,;,. ""died •how;"« loQ<Jon of wntt,. 

35 

Young/.Q 

From the Digital Collections of the New York State Library



36 NEwYoRKFJSHANDGAMEJouRNAL, VoL.17,No. l , JANUARY 1970 

T .\BLE J . NlJ ,\11\ER OF EAcl! Sl'ECIFS OF S:-oA JL CoLI .FCTFD AT L\Cll Srn: 

Coll ect ion site 

Species I\ c: ]) i : G H Total 
------------·---•-----'--- ----· -------•---+--~--

L \'lmwea stagnalis 1,042 0 0 
L /Jalust ris . . . . . . . . . . . . 2:i4 J _. 702 0 
Hl'iiso111a trivo/11is l:!'l 32 0 

H. fJseudotrivolvis . . . . . 0 0 0 

H. rn111/Janulatum • . . . . . 1 0 
P/1rsr1. sp . . . . . . . . . . . . . . 4'l4 l :i(i (i 

(; y ra/11 s sp . 128 S:i 0 
St11gnirola 1·111arginala 0 0 4:i 

C11111/Je/0111a rn/11111 . . . . . 0 0 0 
li11/i111 11s te11tar11/a/a '.l9 0 0 

l' lrn wrlmla sp. () 0 0 

A /'/11ign sp. 0 0 0 

0 
'l 
() 

() 

19 
~) 

0 

6 

'l 
() 

() 

0 

() 

0 
0 

l :i3 
0 
() 

() 

%2 
0 
(I 

(I 

() 

709 486 l 2,2 'l8 

J 99 2'll J 0 2,399 
:) :~, 79 0 319 

304 41 0 498 
2:) 0 0 4G 

49 0 0 G:i4 
0 0 0 2 1'l 
ti () 0 4 13 

18 (I 0 2 1 
(I (I 0 39 

40 () 0 40 

7 0 0 7 
- ---·-----'------ __ .__ _ --- ------1-------'-----

Total .... .. .. . . . . . . .... 2,00 1 1.97:! :i2 40 5J:j l ,40G 837 11 6,887 

TABLF 2. :"\ U.\11\FR oF FACll'Sl'FCIFS OF 'fRUIATotn: C:ot.LFC"n:u AT L \Cll Srn: 

Species 

J. Tri r1w billwrria elvae 
2. Ceru1riae ln:ssiae 
3. Ha f!lrn11e tra11 a sp. 
4. f .ec/1rio rc /Jis sp .... . .. . ... . 

:1. Ha e111alo/oeclws sp .. . 

G. Ciga11tobilharzia sp ....... . 
7. Cot y /urus fla/J e/l iform is .. . . 
8. DijJ/os/0 11 111.1 11 flexicaudum 

9. P lagiorrhis sp ..... 

JO. SJ!irorc/111s jJarn 11s .. ... . .. . 
JI. M egalodisrns sp ... . .... . .. . 

J 2. C:li110.1/011111111 sp .. . . . .. ... . . 

l'l. Ha li jJeg 11s sp .. . .... . 
14. 1\'o/ocotyl11s sp . .... ... .. .. . 

15. T richo billwrzia physellae . . . 
Hi. Sch isloso111ati11111 dout/Jilli .. 
17. Strigeid cercariae .. .. .. . .. . 
18 . Styler ccrcari ae .. . . .... ... . 

Total . ....... .... .. . .. ... ... . 

A ]\ 

l 'l 0 

2 0 
l 0 

17 0 
lti 21 

2 0 
8 0 

34 0 
11 0 

4 'i 

30 0 
G 0 

lG 3 

17 13 
0 0 

7:; 192 
0 0 

329 260 

580 494 

Co ll ection site 

c 

0 
() 

() 

0 
0 

0 

l 

0 
() 

0 
0 
0 

0 
0 

0 
7 

10 

D E 

0 0 !5 

0 0 0 
0 0 0 
0 0 0 
0 () 0 
0 0 0 
0 0 JO 
4 88 173 
0 170 13 
0 0 0 
0 0 0 
0 0 l 'i 

0 0 0 
0 0 0 
1 0 0 

0 0 72 
0 0 

3 33 143 

9 291 441 
I 

G 

8 
0 
0 
0 
0 
0 
0 
2 

0 
17 
0 
0 

0 

0 
0 

26 
10 
57 

120 

H Total 

0 
0 
0 

0 

0 

0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
2 

2 

'Hi 
2 
] · 

17 
'Hi 

3 
]8 

302 
194 
26 
30 
21 
19 
30 

3G'i 
! 8 

828 

1,947 

tribution, were Physa sp., Helisoma trivolvis, Helisoma campanula
tum, Lymnaea stagnalis, Helisoma pseudotrivolvis, Stagnicola emargi
nata, Gyraulus sp., Campeloma rufum, Bulimus tentaculata, Planorbula 
sp. and Armiger sp. Most of these are illustrated in Figure 2. 
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4 

6 8 

I. Bu/imus le11laculala 5 . L ymnaea stagnalis 
2. Ca111jJe/0111a nlfw11 6. H elisorna camjJanulalu111 
3. Physa gyrina 7. H e/isoina pseudotrivolvis 
4. L ymnaea jJalustris 8. H e/iso111a trivolvis 

Figure 2. Shel ls of some of the sna ils recorded. 

The largest number of trematode genera was found at Site A, fol
lowed, in decreasing order, by Sites F, B, G , C, D, E and H (Table 2). 
Stylet cercaria infections were found in all areas. Cercariae of the 
following species, according to their degree of distribution among the 
collecting sites, were identified: DijJlostomurn fiexicaudum, Schisto-
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TABLE 3. ?\U~ll<FR OF EA<: ll SPFC IFS OF TRDIATOllF RFCORIHJ> FOR EACH SPFCI ES OF 

SNAIL AND DFCIUT OF }'.'.'FFCT I ON 1.,· SN .. \l f. POl'll l.ATI O?\* 

Species of Trematode * 
Species of Snail (j 8 9 JO I I 12 

----·---~ 1--- -- --- - - __jL--1-- 1--<- 

Lymaea stagnalis 
Number . . . . . .. ... '.~(i 
Per cent ........ . . I.Ii 

L. Palustris 
Number .. .. ... . . . 
Per cent ... . .. . . . . 

He/isoma trivolis 
Number ..... . .. . . 
Per cent . . . . . . . . . . 0.1) 

H. pseudotrivolvis 
Number ... . . . ... . 
Per cent . . . . . .... . 

H. campanulatum 
Number . . .. .. . . . . 
Per cent . .... .. .. . 

Physa sp . 
Number .. .. ... .. . 
Per cent ......... . 

Campeloma rufuni 
Number . ... . . . .. . 
Per cent .. .. ..... . 

Gyrau/us sp. 
Number . ...... . . . 
Per cent . .... . ... . 

St.agnicola emarginata 
Number ......... . 
Per cent . . . . . . . . . . 

1311/imus sp . 
Number .. . ...... . 
Per cent ... . ..... . 

Planorbula sp. 
N u mber ......... . 
Per cent . . .... . .. . 

Armiger sp . 
Numher 
Per cent .... . ... . . 

I 17 
0.2 2.!i 

36 
lli.!I 

36 
90.0 

3 
0.5 

18 200 23 
0.8 9 .2 1.0 

2 
0. 1 

!I :\0 22 
2.8 !1.4 ().9 

J 7 2 1 
3.4 4.2 

2 
9.5 

91 J 70 
22.0 4 1.2 

• Percentage of tota l specimens of each snail coll ec:tcd as g i\·cn in Table l. 
§Designated hy number a<..:<:ord ing Lo Ta bl e 2. 

13 14 15 }{i 17 18 

1% 3 289 
6. 1 0. 1 12.9 

239 8 379 
10.0 0.3 l 'i.8 

4r, 
14.l 

89 
17.9 

I 
Z.:! 

19 28 I 2 
2.9 4.3 0.2 0. 3 

7 4 
1.7 1.0 

2 
5.1 

4 
10.0 

2 
28.!i 

somatium dou thitti, Plagiorchis sp., Spirorchis parvus, Trichobilharzia 
elvae, N otocoty lus sp., Halipegus sp., C linostomum sp., Cotyluris 
flabelliformis, Gigantobilharzia sp., Haematoloechus sp., Trichobi l
harzia physe llae, Megalodiscus sp., Lechriorchis sp., Haplometrana sp. 
and Cercaria bessiae. The distribution of each species of trematode 
among the collected snails was determined. Frequency of occurrence 
with respect to each species of snail is summarized in Table 3. 

CHARACTERISTICS OF SNAILS IN THE STUDY AREA 

Lymnaeid snails are the most abundant aquatic snails in the Platts
burgh area of Lake Champlain (Table 1). They are found in a 
variety of habitats ranging from wave-swept lake beaches to streams 
and stagnant marshes . Lymnaea stagnalis a/J/Jressa, the largest lymnaeid 
snail (average length 3.9 centimeters) is usually found in sheltered 
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lakeshore areas and in quiet inlets of the lake, but it has been collected 
on sandy beaches with wave action. Lymnaea stagnalis may also be 
found in streams, rivers and stagnant ponds. Lyrnnaea fxtlustris elodes 
(average length 1.8 centimeters) is found mostly in stagnant or slow
moving water habitats such as swamps, ponds and drainage ditches. 
Th,is snail is seldom found on the lakeshore and then only in protected 
"backwater" situations. Lymnaea palustris has been collected from 
drainage ditches and in puddles of water on the center mall of the 
Northway (Route 87). This snail is present in large numbers in the 
small ponds associated with the Ausable Point State Park. Stagnicola 
emarginata · angulata (average length 1.9 centimeters), another 
lymnaeid snail of this region, is found almost exclusively on the lake
shore where there is considerable water movement. 

The genus H elisoma is a planorbid-type (Hat-coiled) snail repre
sented by three species in this area. Helisorna trivolvis (average di
ameter of shell 1.4 centimeters) is found in stagnant and slow-moving 
water and rarely on open lakeshore sites. H elisorna pseudotrivolvis 
(average d iameter of shell 1.3 centimeters) inhabits sheltered rocky 

sections of the lake shore. Helisom.a campanulatwn (average d iameter 
of shell 1.2 centimeters) seemed to prefer lakeshore habitat (Valcour 
Island and Ausable Point beaches). 

Physa sp. (identical to Physa gyrina o[ Michigan) and Gyrnulus sp. 
(planorbid-type snails with average shell diameters of 0.7 centimeters) 

inhabit streams and marshes. The physids which were collected in the 
vicinity of Ausable Point were located in the inlet at the public fishing 
area (Site F) and in the wildlife conservation area (Site G). 

Campeloma rufurn (average length 2.5 centimeters) is found on 
sandy beaches of the lake where wave action is present. This snail is a 
scavenger on the organic detritus in the sand and is seldom found on 
aquatic vegetation. 

Bulimus (an operculate snail) and Gyrnulus, Planm bula and Ar
miger (planorbid-type snails) are found associated with slow-moving 
streams, shallow pools and marshes. T hese snails are often found on 
submerged vegetation, both living and decaying. 

LIFE CYCLES AND HOST RELATIONSHIPS 

Since digenetic trematodes within a taxonomic order have similar 
life cycles, the trematode cercariae identified in this study are grouped 
in their respective orders (according to LaRue, 1938). The general 
life-cycle pattern is outlined for each order followed by the specific 
life cycles of the trematodes represented in this paper. Finally, the re
lationship of each trematode with its definitive host or hosts is 
discussed. 
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The order Strigeatida comprises a group of intestinal parasites of 
birds and mammals which consume fish, frogs and snails. The eggs of 
these parasites are passed from the definitive host in their feces. De
velopment of the first larval stage (miracidium) occurs within the 
egg in the water. The ciliated miracidium then emerges from the egg 
and swims about. ·w h en a suitable snail (e.g., Lymnaea stagnalis) is 
contacted, penetration into the snail's body takes place. There, the 
miracidium develops into a long (5 to 15 millimeters) sac-like or
ganism called a mother sporocyst which produces numerous smaller 
sacs ca lled daughter sporocysts. These daughters migrate to the di
gestive gland of the host snail where they attach themselves and pro
duce the fo urth larval stage (cercaria). T hese cercariae escape from 
the snail and swim about in the water penetrating the tissues of other 
snails, fish, tadpoles and frogs. ' 'Vithin these animals, the cercariae 
develop into encysted, resting stages called metacercariae. Infection of 
the definitive host occurs when it eats the snail, fish, frog or tadpole 
and ingests the metacercariae along with it. The adul t strigeicls li ve 
attached to the lining of the digestive tract of the definitive host. 

The cercariae of Coty lurus flabelliforrnis were found to be emerging 
from Lyrnnaea stagnalis collected in Scomotion (Dead) Creek and at 
Ausable Point State Park (Table 2). Ducks become infected with the 
adult parasites when they ingest snails containing the metacercariae, 
but the effect of these parasites upon ducks is unknown. Ducks ex
amined by the senior author were parasitized by as many as 50 worms. 
The intestines of those birds with heavy infections contained large 
amounts of mucus. According to Edward Gardephe of the New York 
State Conservation Department (personal communication), both Scomo
tion Creek and Ausable Marsh have nesting populations of clucks, and 
the b lack cluck, found in both areas, is an avid feeder upon snails. 

Another strigeid-type trematode which was identified during this 
study is DijJlostomum flexicaudwn. The cercariae of this parasite 
penetrate fish , e.g., sticklebacks, and develop into metacercariae in the 
eyes and brain of the fish. Ducks a nd other fish-eating birds become 
infected with adult trematodes by ingesting infected fish . The effect 
of these worms upon the birds is not known. Jn England, following 
reports that fish catches in certain rivers were declining markedly, 
investigation revealed that fish there were being blinded in great 
numbers by another species of DijJlostomum and th at the population 
of the snail serving as first intermediate host of the parasite had also 
increased (Peter Bottomley, personal communication) . Organic matter 
pollution of these rivers was considered partially responsible for the 
increase in the snail population, particularly snails which feed on 
algae and/or organic detritus. 
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The adults of a third strigeid (Clinostornurn) live in the mouth 
of the great b lue heron. Perch and certain other fish serve as second 
intermediate hosts. The metacercariae encyst on the body and fins of 
these fish and undergo extensive development and increase in size. 
T hey become prominent as yellow and b lack spots (sometimes re
ferred to as "grubs'") which may attain a size of from 3 to 5 millime
ters in diameter. Although these "grubs'" h ave never been known to 

produce infection in humans, the sight of them deters some people 
from eating the fish. Helisorna jJseudotrivolvis, collected from Scomo
tion Creek and a t Ausable Point State Park, was found to be serving as 
the first intermedia te host of this parasite. Herons frequent the A usable 
Point area, and perch there were infected with the metacercariae. 

' 'Vhile the superfamily Sch istosomatoidea is placed in the order 
Strigeatida by LaRue (1938), the life cycle differs significantly from 
those already discussed. Snails of this group serve as the fi rst inter
mecliate host, and the cercariae escape from the snail host to swim 
through the water. However, instead of there being a second inter
media te host, the cercariae penetrate the skin of the definitive host. 
After penetration, the larval parasites (schistosomulae) migrate 
through the circulatory system to reach the b lood vessels surrounding 
the digestive tract or urinary bladder. Unlike other cligenetic trema
todes which are hermaphroditi c, the schistosomes h ave separate sexes. 
T he paired adult worms reside in the blood vessels for the remainder 
of their li ves. T he fertilized females release numernus eggs into the 
b lood stream which penetrate through the walls of the blood vessels 
and then move through the wall of the digestive tract eventually enter
ing the lumen of this structure and passing out with the feces. T he 
fi ve larval schistosomes identified in the study area (with their de fini
tive hosts) were: Tricl1obilharzia elvae and T. jJ/i ysellae (clu cks a nd 
geese); Sch istosomatiurn douthitti (muskrats); SjJirorc/1is fmrvis (tu r
tles); and Gigantobilharzia sp. (birds or mammals). Fortunately, 
sna ils na turally infected with human schistosomes are not found in the 
continental Un ited States. 

Observations of the senior author indicate that experimental ex
posure of ducks to several hundred cercariae of T. elvae often pro
duces severe debili ta tion and death. Lyrnrrnea stagnalis serves as the 
snail host for this parasite, and, of the 2,248 collected , on ly 36 (1.6 
per cent) were found to be infected with this parasite (Table 3) . At 
both areas (Scomot ion Creek and Ausable Point State Park) where 
snails infected with T . elvae were found, nesting populations of clucks 
are present each yea r. M illions of cercariae may be produced by a 
small number of infected snails over a period of a few mon ths. vVhile 
the life span of a cercaria is only about 24 hours, the daily output of 
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fresh cercariae per snail is in the magnitude of thousands. ' '\later 
currents tend to disseminate them and reduce their concentration in a 
given area. Nevertheless, the density of cercariae in shallow, sheltered 
waters may become high even though only a dozen or so infected 
snails are present. In experimental infections, young clucks are very 
susceptible to debilitation and death (McMullen and Beaver, 1945; 
Najim, 1956). If humans enter water containing the cercariae of T. 
elvae, penetration of the skin will occur. T hese cercariae do not com
plete development into adult male and female worms in the human 
body, but frequently produce a dermatitis condition often referred to 
as "swimmer's itch" (Cort, 1950). "Swimmer's itch" has been re
ported from numerous locations throughout the United States where 
clucks and lymnaeid snails coinhabit ponds, lakes and marshes (Swanson 
e t al., 1960). The comments concerning T. elvae apply also to T. 
fJ hysellae which was found to be infecting one physic! snail from Val
cour Island (Table 2). 

Schistosomatium douthitti is found wherever muskrats and lymnaeicl 
snails co-exist. Both Lymnae stagnalis and L. palu.stris serve as inter
mediate hosts of this schistosome. It is not unusual to find infected 
snails in the drainage ditches along highways as well as in streams 
and marshes. It is difficult to assess the effect of S. douthil!i on the pop
ulation of muskra ts of a given area. Experimental laboratory studies 
show that heavy infections of muskrats will produce debilitation and 
death (Price, 1931). In the later stages of such infection (1 to 3 
months after the female worms begin to produce eggs) increasing 
numbers of eggs are carried to the host 's liver by the hepatic-portal 
blood system. T hese eggs become lodged in the liver tissues with re
sulting liver pathology (necrosis, granuloma formation and hyper
trophy). Cercariae of S. douthitti also produce dermatitis in humans, 
but, since muskrats and infected snails are found in marshes and 
ditches, this is an occupational haza rd to biologists instead of a rec
reational hazard to swimmers. 

A fourth schistosome, Spirorcltis /Jarvis, was isolated from Helisoma 
lrivolvis collected at Scotmotion Creek and the Ausable Point wildlife 
conservation area. The definitive host of this parasite is the painted 
turtle (Chrysernys picla) which occurs in both of these areas. The 
senior author has examined snapping turtles (Chelydra serfJentina) 
which were infected with S. parvis or a related species. Masses of 
fibrotic tissue, filled with parasite eggs, were observed in the lining of 
the stomach and intestinal tract. w·au (1941) reported that heavy in
fections of Spirorchis often cause the death of the host. 

Species of Gigantobilharzia have been described from bird infec
tions (Na jim, 1956). The pathology associated with such infections 
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in these vertebrate hosts is essentially the same as that described 
for Trichobilharzia and Schislosornatiurn. The cercariae of Giganlo
bilharzia will produce dermatitis in humans. 

Four genera of trematodes which parasitize frogs as adult worms 
are Haplornelrana, Haernatoloechus, i\1egalodiscus and H alifJegus. The 
adult worms generally locate in the following body areas of the frog 
and have the indicated snail host. H afJlorne trana cercariae escape 
from physicl snails and encyst on the skin of frogs where they develop 
into metacercariae. ·when the shed skin is ingested by the frog (a 
common occurence) adult worms develop and locate in the host 's 
small intestine. The life cycle of Nlega lodiscus follows a pattern simi
lar to that of Ha plornetrana, except that Helisorna trivolvis serves as 
the snail intermedia te host and the adult worms locate in the rectum 
of the frog. Haernotoloechus and Halipegus require a second inter
mediate host in which the metacercarial stage develops. Planorbula 
snails serve as the first intermediate host of Haemolo loechus; the 
second intermediate host is the larvae of aguati c insects, e.g., naiad 
of the dragonfly. Infection of frog lungs by adul t worms occurs when 
the frog ingests the larvae or adult insects con taining the metacer
cariae. In the case of HalifJegus, physicl snails are the first intermediate 
host. Cercariae escaping from these snails are ingested b y crustaceans 
(CyclofJs) in which the metacercariae develop. ·wh en infected Cyclo/Js 
are ingested by a tadpole, the metacercariae remain in the stomach 
of the tadpole until it metamorphoses in to an adult frog, after which 
they m igrate to the eustachian tubes and develop into adult worms. 

Lechriorc!t is fJrimus, a lung parasite of the garter snake (Thamno
fJl1is sirtalis), employs physid snails as the first intermediate host a nd 
tadpoles as the second in terrneclia te host. The snake becomes in [ectccl 
by ea ting tadpoles. O n several occasions, garter snakes have been 
autopsied in which the lungs contained numerous L eclniorch is adul ts. 
T h e Jung tissues of these snakes appeared to be thicker and more 
fibrotic than in snakes with no infection. How this condition would 
effect the health and longevity of the snake host is not known. 

P lagiorchid trematodes have a wide range of defini tive hosts. T he 
adult worms are intestinal parasites of rodents, dogs, bats, muskrats, 
gulls, robins, sandpipers and nighthawks. T hree plagiorchids that h ave 
been described in the literatu re are : PlagioJ"Chis muris, P. macracan-
1 hu.s and P. fJ roximus. T h e plagiorchid life cycle is varied in that the 
cercariae, which develop in lymnaeid snails (Stagnicola emarginala 
and Lymnoea stagnalis in this study), m ay penetrate aquatic insect 
larvae or tadpoles to develop into the metacercarial stage. The cer
cariae may also develop into metacercariae within the snail host. The 
definitive hosts become infected upon eating these intermediate hosts. 
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The pathology of plagiorchid infections in these vertebrate hosts has 
not been determined. It is conceivable that, at least in young animals, 
these intestinal parasites produce varying degrees of irritation o[ the 
1nucosa. 

The last cercarial type Lo be identified during this study is No lo

cotylus. Two species of this genus are N. stagnicolae and N. urbanensis. 

The first employs Stagnicola em.argi11ata as the first intermediate host, 
while clucks and mergansers are the definitive hosts. Physid snails 
serve as the first intermediate host of N. urbrmensis while muskrats 
and clucks are parasitized by the adult worms. T he notocotylicl cer
cariae found in this area were shed from the Pl1ysr1 snails collected in 
areas inhabited by muskrats (Scomotion Creek and Moffit Roacl
Route 87 drainage dit ch es -Tables 2 and :3). The cercariae encyst 
upon vegetation, snail shells and numerous objects in th e environment. 
Infection of the definitive hosts occurs when these objects are in
gested. The adult worms reside in the digestive tracts of the Yertebrate 
hosts. 

Identification of all the cercariae isolated from collected snails was 
not possible. One group which was found in all of the collecting areas 
was designated as "stylet c:ercariae" . T he name "stylet" refers to a 
prominent spine or spear-shaped structure loca ted in the anterior encl 
of the cercaria. A nother group of uniclen ti fied cerc:ariae resembled 
cercariae of strigeid trema tocles, but speci fie identificat ion was not 
possible. 
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THE NEMATODE, PNEUMOSTRONGYLUS TENUIS, IN WHITE
TAILED DEER IN THE ADIRONDACKS1 
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ABSTRACT 

A study to determine the incidence of the nematode, Pnewnostrongylus tennis, 
in white-tailed deer in the Adirondack region of New York was conducted in the 
fall of 1968. Of 180 deer heads examined, 77 per cent were found to contain this 
parasite. Incidence was independent of sex and geographic location , but it was 
directly related to age a nd intensity of examination. Incidence was significan t ly 
(P<0.01) grea ter in adults and yearlings than in fawns, and in adults than in year
ling·s. Examination of the entire brain surface and cavity yielded an incidence of 
70 per cent, while only 42 per cent was found by examination of the upper por
tions only (as might be practiced in some field examinations) . l11Iean number of 
worms was greater in adults and yearlings than in fawns. Considering problems of 
collection and examination, and the occurrence and abundance of P. ten11is, 
adult female deer appear to ofter the greatest potential for simple studies of r e
g ional incidence. 

Anderson (1965) demonstrated clearly that the nematode, Pneu
mostrongylus lenuis, h as little pathological effect on white-tailed 
deer (Oclocoileus virginianus) but is deadly to moose (Alces alces). 
Citing regional and historical evidence of moose disease, and the high 
incidence of P. tenuis in white-tailed deer, he h ypothesized that this 
nema tocle is the etiological agent of neurologic disease in moose. Re
cent studies have suggested that moose populations are lowest when 
and where deer populations are highest (Karns, 1967) and that they 
are highest where some degree of ecologic separation occurs (Telfer, 
1967). Karns (l 967) and Behrend and Witter (1968) found further 
that incidence of P. tenuis in deer was directly rela ted to apparent 
deer population density. Thus, where both cervicls coexist, deer popu
lations could conceivably control moose populations via the tra ns
mission of this parasite. 

T he study reported here was made to determine the incidence of 
P. lenuis in white-tailed deer in the Adirondack region of New York 
in connection with proposals to restock the area with moose. T he last 

JA contribution of 1°ederal Aid in F ish and 'Wildlife Restoration Project 
W -105-R , the U . S. Bureau of Sport Fisheries and Wildlife, the New York State 
Conservation Department and the State University College of Forestry at 
Syracuse U niversity cooperating-. T he a uthor wishes to thank the many in
dividuals who aided in this study. Bureau of Game (New York State Conserva
tion Department) personnel including· R. B. Colson, .J. Dell, C. ""· Scvering
haus, S. Free and "\/. Hessleton cooperated in planning collections of deer 
h eads. Specimens were provided by G. T . Chase, \ '\I . Buckley, S. Free, \-\/. 
H essleton and .J. T anck, all of the Bureau of Game, and by S. V. R. Simkins 
of Paul Smith's College. J. E. ' Viley supervised the examination of most of 
the deer heads, which was conducted largely by R. ""·Sage and A. T . Stirling. 
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native wild moose in this region was supposedly taken in 1861 (Mer
riam, 1886), but irregular reports of moose have continued well in to 
the present century. 

MATERIALS AND METHODS 

Heads from 180 deer, taken by hunters from October 25 through 
December 3 in 1968, were collected at checking stations and by in
dividual contacts with hunters. Specimens were identified by number, 
sex, location and elate of kill prior to being placed in cold storage. 
Age was subsequently estimated to the nearest h alf year by refer
ence to the tooth replacement and wear patterns described by Sever
inghaus (1949). To facilitate this, jaws were removed from all speci
mens except fawns. 

Specimens were prepared for dissection by skinning the top and 
sides of the cranium, and washing the exposed bone to remove loose 
hair. T h e top of the cranium and the uppermost portion of the cere
brum were removed by sawing, and the n umbers of adult worms found 
on these portions were recorded. Next, the remaining brain mass was 
removed and exam ined, as was the remainder of the cran ial cavity. 
' 'Vorms found during this part of the examination were also recorded. 
Finally, the cavernous sinus was dissected and probed, and worms 
found therein were recorded. 

D ata for each head examined were punched on McBee Keysor t 
cards and summarized by sex, age group, coun ty, number of worms 
and incidence of P. tenuis according to type of examination. Inci
dence was compared by percentage occurrence, a nd 2 x 2 contingency 
chi-square (a priori alpha = 0.05) analyses were employed to evaluate 
differences between age-groups and sexes. Confidence intervals (95 
per cent) of the mean number of worms ·were compared to evaluate 
the extent o f infection among sex-age groups. 

RESULTS 

Adul t P. tenuis were found in 139 of the I SO deer heads examined , 
indicating a minimum incidence of 77 per cent (Tab le 1); 7 3 per cent 
of the 74 males were infected and SO per cent of the l OG females. 
D ifferences between the sexes were not significant for any age group 
(fawn, yearling or adult) or for all ages combined. Jnciclence was 

signi ficantly (P <0.01) greater in adults than in yearlings or faw ns, 
and greater in yearlings than in fawns. 

T h e recorded incidence of the parasite was definitely related to the 
extent of the examination performed (Table 2) . Over-all, incidence 
rose from 42 to 77 per cent with complete examinations of the cranial 
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TABLE I . INCIDENCE OF ADULT Pneumostrongylus tenuis IN '\/HITE-TAILED DEER I-; 

THE An1Rol\nAcKs AccoRDI N<: To Ac;i-: Al\D SEx 

?\!ale Female Total 

Present. Present Present 

Age Per Per Per 
(years) Absent Number cent Absent N umber cent ,\IJsent Number cent 

Yz . ...... . .. 13 10 43 12 8 40 25 18 42 
lYz ... . . . .... 6 14 70 3 14 82 9 28 76 
2!;2 .......... 0 11 JOO 3 14 82 3 25 89 
3Yz .... .. .. .. 1 10 91 0 12 JOO l 22 96 
4!;2 .......... 0 4 100 2 9 82 2 13 Si 
5!;2+ . . . . . . . . 0 3 JOO 1 27 96 1 30 9i 
Unknown .... 0 2 100 0 l 100 0 3 100 

Total ..... . .. 20 54 73 21 85 80 41 139 7i 
--

TABJ.I·: 2. ll\CIDENCE OF . .\uu 1: r P11eu111ostro11gyl11s ten uis I N \\' H ITE-TAILED DEER IN 

TIIE .-\nrno:-.:DA<:Ks _.\ c:CORDING T O _.\<:E A .'\D TYPE or ExA.\I I NATION 
·-· 

Incidence (percentage) according to tvpe 
>lumber of exan1 ination* 

Age of 
(years) specimens I I & II I, II & III 

-- -
112 43 16 40 42 

I Yz 3i 38 (j;j 76 
2112 28 46 82 89 
'.lYz 23 61 87 96 
-!Yz );j 40 80 Si 
5Yz+ 31 (j4 94 9i 
Gnknown 3 33 67 100 

-- -- -
Total 180 42 70 77 

•Type I = removal and examination of the upper portions of the brain cavil\' and 
cerebrum only; Type II = removal and examination of entire brain and ca\'ity; 
Type III = dissection and probing of ca\·ernous sinus. 

cavity and cavernous sinuses, as opposed to inspection of the upper 
portions of the cranial cavity and cerebrum only (as might be prac
ti ced in some field examinations). Most of the increase, however, was 
accounted for by the complete inspection of the brain and cranial 
cav ity, which increased the incidence from 42 to 70 per cent. This 
relationsh ip was consistent throughout the individual age groups. 

Maximum and mean numbers of worms found for several sex-age 
groups are shown in Table 3. Comparisons of the 95 per cent confi
dence intervals of the means indicate that more nematodes were 
found in both adults and yearlings than in fawns. 0Lher differences do 
not appear significant. 
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TABLE 3. :'\V\IBERS OF ADVLT P11e11111ostro11gvlus le1111is IN \\/HITE-TAILED DEER IN 

THE ADIRONDACKS c\CCORlllNG TO AGE AXD SEX 

Male 

Number Number of worms per head Num ber 

Age of Maxi- Confi- of 
(years) heads n1un1* Mean dence § heads 

112 10 3 1.9 ±0.4 8 

lYz 14 .18 6.6 ±3.0 14 

2\/z II 10 5.1 ±2.3 14 

3\/z JO 23 8.7 ±4.8 12 

4Yz + . . . 7 II li .O ±3.3 :Hi 

• .l\l inimum number of worms for each age group was one. 
§At 95 per cent level. 

Female 

Number of worms per head 

:\laxi- Conti-
ll l lllll* ~Jca1 t dencc § 

2 1.5 ±0.4 
17 4.8 ±2.5 
12 4.7 ±2.0 
8 3.9 ±1.6 

ll 4.4 ±0.9 

vVorms were found in specimens of all age groups from all counties 
studied, where at least five specimens were examined. Dispro
portionate sample sizes precluded mean ingful statistical analysis, but 
few significant differences are likely. , ,Vhere at least five heads were 
examined per county per age group, incidence ranged from 83 to 
100 per cent for adu lts, and from 67 to 88 per cent for yearlings. Inci
dence in fawns varied more widely, ranging from 35 to 67 per cent, 
with the largest sample (N = 23) having the lowest incidence of 
P. lcnuis. 

Good estimates of deer density were ava ilab le for one 5,216-acre 
area near the center of the Adirondacks, based on drives during Oc
tober. These indicated 27 deer per sq uarc mile in 1966 (before in
tensive hunting began), and 17 and 13 per square mile in 1967 and 
1968, respectively, (Behrend et al., 1970). All seven adult and one 
yearling deer examined from this area in 1968 contained P . lcnuis . 

DISCUSSION 

These findings indicate that P. tcnuis is preva lent in cleer through
out the Adirondacks and that incidence approaches the levels found 
among deer in Maine by Behrend and '!\Titter ( 1968) . The direct re
lationship between incidence and age group (fawn, yearling, adu lt) is 
also consistent with the Maine study~. Both studies found a relatively 
high incidence in fawns, leaving little doubt that large numbers of 
fawns are infected early in l ife. 

The lack of significant differences in incidence between the sexes is 
in contrast to findings in both Minnesota (Karns, 1967) and Maine 
(Behrend and 'Witter, 1968) where higher incidence was founcl in 

"See also: E rratum, Jour. Wild t. Mgt. 33 (2):454. 
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females. The lack of agreement may have been the result of differ
ences in the seasonal distribution of the sexes, or they may have arisen 
from the nonrandom sampling employed. 

The great variation in the recorded incidence of P. lenuis with the 
extent of the examination clearly documents the need for thorough 
and standardized techniques if results from different regions are to 
be compared. \1Vhile it is clear that the presence of the adult worm 
in a sample of deer heads can be detected by simple field examination 
(similar to Type I in Table 2), accurate determinations of incidence 
require thorough laboratory examination. Problems of collection and 
examination, and the frequency and abundance patterns of P. tenuis 
found in this study, indicate that adult female deer are the most 
appropriate specimens for efficient examination. This approach would 
minimize problems in obtaining deer heads from hunters, who are 
genera lly reluctant to part with antlered specimens, and it would pro
Yide heads which are both readily skinned and most likely to possess 
adu lt worms in high abundance and frequency. 

T h e abundance and widespread occurrence of P. tenuis among deer 
in the Adirondacks make the reintroduction of moose, or the introduc
t ion of other cervids, appear ill-advised (see Anderson et al., 1966). 
Moreover, as the disappearance of the moose from the Adirondacks 
was correlated in time with the irruption of the white-tailed deer 
population, it may be that the deer was partially responsible for the 
decimation of the moose population via disseminating the parasite. 
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AGGRESSION AMONG CAPTIVE MUTE SWANSl 

Ward B. Stone 

Allan D. 1Warsters 

Wildlife Pathologist 
New York State Conservation Department 

Techn ica l Assistant 
State U niversity College of Forestry 

at Syracuse University 

From June 1967 to .January 1969 a study of waterfowl disease was carr ied out 
at the Burnet Park Zoo in Syracuse, N. Y. During· this time numerous observations 
were made on the aggressive behavior of three pairs of pinioned adult mute swans 
(Cygnus olor) confined to the zoo pond of less than an acre. T h e pond was di
vided into sections by wire fencing, and only one pair was held in a section. T he 
pond also held approximately 110 capt ive ducks of nine species and 20 geese of six 
species. In addition , black ducks and mallards fl ew in daily and some attempted 
to nest at the zoo pond. During th e winter over 200 bla ck ducks and mallards 
visited the pond each day. ,_rhc mute swans \Vere consi dered an in1portant dis
play species because of their popularity with the public, even though th ey often 
displayed aggressive behavior toward other waterfowl. 

Willey (1968) reported that, in Rhode Island, territories of nes ting fera l mute 
swans ranged from 0.5 to 11.8 acres and averaged 4.4 acres. He found that mute 
swans showed an aggressive attitude toward other swans, ducks, geese o r men 
that entered their territory although, in some cases, Canada geese and puddle 
ducks nested unmol es ted within a few yards of mute swan nests. 

T he entire pond at th e Burnet Park Zoo was probably not large enough to pro
vide territory for a single pair of nesting mute swans. In February and :rvfa rch , the 
swans became in creasing·ly aggressive and attacked and drowned other waterfowl. 
Most of the severe attacks were carried out by the cobs. During nesting, th e pens 
were seemingl y unconcerned by other waterfowl unless th ey ca me very close to the 
nest (F igure I) , but the cobs were almost: continuously in a threat posture and 
chasing other waterfowl. T hei r nests were unsuccessful, and, with the cessation of 
nesting, agression by the swans decreased. However, interspecific aggression by 
mute swans cou ld he observed at th e zoo in any month. 

In the 20 months of study at the zoo, mute swans kill ed two adult Ca nada 
geese, two Bean geese, two blue geese and two mallards , all of which were pinioned. 
They also were known to have killed 30 mallard ducklings, six wood duck duck
lings a nd four Canada goose goslings. In January 1969 a cob killed a mallard 
and a black duck from a visiting flock of unpinioned ducks. i\lo re waterfowl 
would h ave been kill ed if th ey had not been rescued by the zoo staff. 

T he swans attacked newl y hatched ducklings and wiped out an entire brood 
in a few hours. One cob was particularly prone to this activity (I'igure 2) . In gen
eral , the procedure was to sw im rapidly a fter the brood of ducklings and pick 
one up , usually by the head. Then th e duckling was shaken about on the surface 
of th e water , often for several minutes. After this it wa s worked on with the bill, 
wi th frequent dips benea th the water, and either partly or entirely ea ten. vVater
loggcd pieces of duck ling left after a swan attack were observed to sink imme
diately leaving no ev idence of attack. T he mallard and the black duck (Figure 3) 
killed in .J anuary 1969 were also partially consumed by th e mute swa n s. Roth 
ducks were autopsied and fonnd to be in good fl esh with no evidence of di sease. 
Ho,vevcr, their crops were filled with grain and they may have been taken unaware 
while feeding or had difficulty in g·etting· away beca use of the mass of grain they 
\Vere ca rrying-. 

Although th e zoo environment was crowded and almormal, the observations 
seem worth recording. Feral mute swans and other waterfowl nest toget he r on 
small ponds, and the swans may di srupt nesting or destroy ducklings that arc in 

lTh e authors are grateful for the cooperation of Charles Clift , Director, of tbe 
Burnet Park Zoo , and to M ichael Bitsko for the black cluck photograph. T he re
search was supported in part by a Na tional vVildlife Federation fellowship . 
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Figure 1. Mute swans: (A) the pen preening· on the nest; (B) the cob in a 
threat attitude chasing a female mallard. 

Figure 2. A cob: (above) holding a m all ard duckling by the h ead; (below) 
shak ing a mal lard duckling. 
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Figure 3 . . -\ bl ack duck with its breast muscle eaten b y mu te swans. 

th eir territo ry. v\l illey (1968) ci ted reports from Rhode Island of mute swan s killing 
o ther wa terfowl , but die\ no t m ention th eir being ea ten . T he zoo swans m ay h ave 
lea rned to ca t th e ir kill s by ch an ce durin g their ex tensive ex p eri ence with inter 
spccifi c aggression . 

LITE RATU RE C ITED 

W n.LEY, CHARLES H . 1968 . T he ecological signi fica nce of th e mute swan in R hode 
l sl<lnd. T ran s. N . Am . W ild!. Conf. 25 : 121 -134. 
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D uring 1967 and 1968, several species of fi sh that may be considered rare or 
uncommon in Long Island waters were seined in Great South Bay. Specimen sizes, 
dates and locali ties of capture, and the water temperature and sali nity at time of 
capture for gray snapper (Lutjanus griseus), permit (Tra.chinotus falcatus) , smooth 
trunkfish (Lactoplnys triqueter) and spotted hake (Urophycis regius) are presented 
in Table I. 

TABLE l. CAPTURE DATA FOR RARE AND U;-.;co\L\I ON F rsHES SE• NED I N GREAT Sounr 

BAY 11' 1967 AND 1968 

Date 

Sept em her 24, 1968 
September 27, 1968 

A ugust4, 1967 . .. . .. . .. 
A ugust 23, 1907 ..... ... 
September21, 1967 .. .. .. 
Sept em her 28, 1967 .. . ... 
October 3, 1967 .. .. . . .. . . 

A ugust 6, 1968 . . . . . . . . . . 
August 26, l 968 . . . . . . . . . 

September 13, 1968 ..... . 

May 8, 1968 ... . . ..... . . . 

May 21, 1968 ... . . . . . .. . . 
May 28, 1968 . . ... . . . . . .. 

I 

I 

Locali ty I Length* 

Gray snapper 

Captree Isla nd 
Grass Island 

Permit 

Grass Island 
Cedar Island 
Cedar Island 
Grass Island 
Captree Island 
Captrec Isla nd 
Captree Island 

:i2 
GO 

37 
87 
30 
36 
31) 

35 
:i2 

Smooth trunUish 

Captree Island 12 

Spotted hake 

Captree Island 48 
Captree Island 47 
Captree Island 41 

'\J\T a ter tern per at u re 

°F. I °C. Salinity§ 

70 
(i(i 

74 
70 
68 
62 
60 
73 
74 

62 

55 
:)8 
:)4 

2l.l 
18.9 

23.3 
21.l 
20.0 
16.7 
15.6 
22.8 
23.3 

16.7 

12.8 
14.4 
12.2 

27.0 
27.8 

24.4 
27.4 
2G.O 
27.4 
28.2 
26.4 
27.0 

30.4 

- -

29.6 

29.0 
31.0 

*Jn mill imeters; fork length for species with forked tails, total length for others. 
§In parts per thousand. 

T he gray snapper was found on the south shore of Long lsland by Greeley 
(1939) in 1938, but he gave no specific localities. Most of the specimens reported 
by Alperin and Schaefer (1965) were from Moriches and Shinnecock Bays. They 
found the species in Great South Bay, but gave no spedfic localities. T he present 
records apparently give the first specific sites in Great South Hay for the gray 
snapper. 

IA contribution of Federal Aid in Fish and vVildli fe Restora tion l'roject 
1'' -15-R, representing Contri bution No. 70-4 of the Division of Marine and 
Coasta l Resources. The a uthor wishes to thank Dr. C. Lavell Sm ith of the 
American M useum of Natural H istory for assistance in identifying the gray 
snappe rs and Dr. James C. Tyler of the Academy of Natural Sciences (Phila.) 
for assistance in identifying the smooth trnnkfish. 
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Bean (1901) noted that permit might be found in Great South Bay in the summer 
months and mentioned individuals from Fire Island (August 5) and off the 
mouth of the Swan River (September) taken in 1901. Alperin and Schaefer (1965) 
found permit in Moriches and Shinnecock Bays, but not in Great South Bay. The 
October 3, 1967 record appears to be a late date for the species in Great South 
Bay . 

Greeley (1939) found several smooth trunkfish in the Fire Island Inlet area, but 
Alperin and Schaefer (1965) found only a single specimen at Timber Point. 

Bean (1901, 1903) encountered spotted hake in small numbers in the fall in 
Gravesend Bay. Although Breder (1938) did not consider the species to be rare 
in New York Harbor, Nichols and Breder (1926) previously reported spotted hake 
as uncommon at New York and Orient. Neither Greeley (1939) nor Gordon 
(1949) found spotted hake in th eir summ er seining efforts. Alperin and Schaefer 
(1965) likewise did not report spotted hake. However, Alperin (personal comnrn
nication) seined six juveniles (length measurements not taken) in Fire Island Inlet 
at Oak Beach on June 20, 1958 and a single individual 190 millimeters in total 
leng·th at Captree Island on June 20, 1962. Alperin's specimens appear to have 
been the first recorded occurrences of the species in Great South Bay. But the 
scarcity of observations from the inshore bays makes the occurrence of th e 
present specimens in 1968 also worthy of note. 

Gray snapper, permit and smooth trunkfish essentially are strays from southern 
waters. Breder (1948) described the range of the gray snapper as extending frorn 
Brazil to New Jersey. He noted that while permit may be found from Brazil to 
Cape Cod , only the young arc encountered in the northern parts of its range. 
Similarly, he noted t11at the smooth trunkfish normally reaches on ly to Florida. 
The spotted hake, on the other hand, is found from Cape Fear to Cape Cod 
casually in waters less than 200 fathoms (Breder, 1948). Inshore records seem to 
be comparatively few, however, for New York waters. 
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Isopod parasites arc frequently found on several species of fi sh . This note deals 
with two species of ectoparasitic marine isopods, L ironeca ovalis and Nerocila 
acuminata, found on various species of fish from Great South Bay, Long Island, 
New York. 

Lironeca ovalis was reported by Alperin (1966) as a new parasite of striped bass 
(1'1orone saxatilis) in Long Island waters. He also noted that it h ad been obsen,ed 
locally to be common to abundant on juvenile bluefish (Pomatomus saltatrix) and 
that h e had recorded it from Atlantic menhaden (Brevoortia tyrannus) and north
ern kingfish (Menticirrhus saxatilis) . M iner (1950) , Richardson (1905) and Stunner 
et al. (1911) incluclecl sawfish (Pristis sp.) , bluefi sh , bigeye scad (Selar crwnenoph
thalmus), sea trout (Cynoscion sp.) , A tla ntic croaker (Micropogon undulatus), 
pinfish (Lagodon rhornboides), scup (S tenotomus chrysops) and sunfish (Mola sp.) 
as hosts of L. ovalis. The parasite is generally found a ttached to the roof of the 
mouth, the inner surface of the operculum or the gills of its host (Miner, 1950; 
Richardson, 1905) . All the present specimens were found in the opercular cavity 
attached to the gills of Atlantic silverside (Menid ia menidia) , mummichog (Fundu-

TABLE l. OcCURENCE OF f,ironern m•alis o ' F 1s11 FRO~• G RFAT SOUTl l BAY, LON<: 

I sl.A:-ID, N EW YORK IN 19()8 

Date ~~~-[ 

July 26 . . ... ..... . . . ..... . 
July 30 . . . . ... .... . . . 
;\ ugust 9 
August Hi 
.-\ ug·ust 26 
August 27 

.\ugust 8 
August 15 

August 22 

Loca li tY 

Atlantic siln~rside 

Captree Island 
Cedar I sland 
Grass Island 
Cedar I sland 
Captree Island 
Grass I sland 

:\[ummichog 

Captree I sland 
G rass Island 

Striped killifi sh 

Length* I Capture gear 

108 Haul seine 
l ](j Haul seine 
102 Haul seine 
11 l Haul seine 
l 1:1 Haul seine 
100 Haul seine 

~ 
Haul seine 
H aul seine 

l '.Vi Haul seine ·l C rass I sland 
-------- -----· -----

[ 
.\ t la n tic needlcfish. 

. ........... . [ Cedar l sland 
-------------~. 

:\ugust l (i 

September 7 .. ... . . .. .. ·1· . . 
September 2 1 ... . . ..... ~ 

C:revalle jack 

Connetquot River 
Connetquot River 

]_~] Haul seine 

12:) 
120 

~---·-----

Roel and reel 
Rod and reel 

' In m illimeters; fork length for species with forked tails, total length for o thers. 

1,-\ contribution of Federal Aicl in fish and \ 'Vildlife Restoration Project 
F-15-R, representing Contribution No. 70-5 of the Division of Marine and 
Coastal Resources. The author wishes to thank Dr. Thomas E . Bowman, Super
visor and Curator , Division of Crustacea, Smithsonian Institution, U. S. Na
t ional Museum, Washington , D.C. for his assislance in the identification of the 
isopods. 
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lus heteroclitus), striped killifish (Fundulus 1najalis), Atlantic needlefish (Slrongv· 
/urn 111arina) and crevalle jack (Caranx hip/Jos) . 

Alperin (1966) noted that juvenile fish were the usual hosts of L. ova/is in loca l 
waters. The Atlantic needlefish and the crevalle jacks which were infested were 
juveniles. The other host fish are species that do not grow to large size. T he sizes 
of the host fish and the locations. dates and methods of their capture are listed in 
T abl e I. An example of a parasitized Atlantic silverside is shown in Figure 1. 

Figure 1. An Atlantic silverside parasitized by Lironeca ova/is. 

Figure 2. A striped killifish with abrasion and boles in the operculum caused by 
the presence of Lironeca ovalis. 
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Figure 3. A northern puffer parasitized by Nerocila a.cum.inata. 

Alperin (1966) noted that the effects on the condition and surviva l of fish para
sitized by L. ovalis are unknown. Figure 2 shows abrasion and wearing of holes in 
the operculum of a female striped killifish 135 millimeters in total length. A speci
men of L. ova/is was found attached to the gills of the fish directly under the 
holes. Striped killifish in aquaria have been observed to burrow into sand.2 If this 
behavior occurs in nature, the effect of sand abrasion on a bulging· operculurn 
caused by the presence of a parasite might very well lead to such holes. 

Nerocila acum.inata was found attached to the snout of a northern puffer 
(Sphaeroides m.aculatus) . T h e fish (fig·ure 3) was 237 millimeters in total length and 
was captured by haul seine at Cedar Island in Great South Bay on May 13, 
1968. This ectoparasitic isopod has been reported from sawfish , longnose gar 
(Lepisosteus osseus) , Atlantic spadefish (Cheatodipterus fa.ber), hog-fish (Lachnolai
nws m.aximus) , orange filefish (Alutera schoepfi) and northern puffer (Hutton , 
1964; Menzies and Frankenberg, 1966; Richardson, 1905). All these previous rec
ords apparently were from Newport (Va.) and farther south in the Atlantic Ocean 
and into the Gulf of Mexico and westward to Bermuda. 

Jt appears that the present records offer severa l new local hosts for L. ovalis. 
It also appears that the presence of N. acuminata on a northern puffer from Great 
South Bay represents a northward extension of the known range of this ecto
parasitic isopod. 
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RESPONSE OF CHIPMUNKS AND RED SQUIRRELS TO 
COMMERCIAL CLEARCUT LOGGING1 

.Jolin N . Krull Assistant Professor 
Department of Zoology, Southern Illinois 

U niversity 

Commercial clearcut logging (removing all merchantable hardwood trees over. 
14 inches clbh and all m erchantable softwood trees over 12 inches clbh) is one 
kind of Janel management that seems to have pronounced effects on some species 
of wildlife (Krull, 1963). Observations on the response of chipmunks (Tamias 
striatus) and red squirrels (Tamiasciurus hudsonicus) to this kind of forest treat
ment were made on the H untington ' 'Vildlife Forest; a 15,000-acre property of 
the State University of New York, College of Forestry, located mostly in Essex 
County near the village of Newcomb. 

Portions of two 1,000-acre areas were selected for study. One of these areas 
(hereafter referred to as the cut area) had been logged b y the commercial clearcut 

method be tween 1943 and 1950, mostly after 1946. T he other, used as a control, 
had not been logged in recent times, although some selective cutting of red 
spruce (Picea rubens) and white pine (P inus strobus) probably occurred before the 
turn of the century. This area was al most completely covered with old -growth 
timber similar to that present on the cut area before logging. During the study the 
two areas contained approximately 70 and 140 square feet of basal area per 
acre2, respectively. 

T he northern hardwood forest type (S.A.F. type No. 25), in which all data 
were collected , consisted primarily of sugar maple (Acer saccharum) , American 
beech (Fagus grandifolia), yellow birch (Belula alleghaniensis), eastern hemlock 
(Tsuga canaclensis) and red spruce. R ed spruce made up less than 20 per cent o( 
the entire stand. T his northern hardwood type (340 acres on the cut area and 510 
acres on the uncut area) occupied the most productive sites on the Huntington 
Wildlife Forest. Climate, geology, physiography, soils and wildlife are typical of 
central Adirondack conditions in general and were similar on the two study areas 
(Barrett et al., 1961) . 

Data on the relative abundance of chipmunks and red squirrels on the two study 
areas were colJected each year from 1952-1961. In mid-June, six different time-area 
stations were censused between 8:00 a.m . and 12:00 noon. At each station all ani
mals either heard or seen during a JO-minute period were recorded. Depending 
upon the year, the six stations were censused either twice, four times or six 
times, on one, two or three clays, respectively. Therefore, it was necessary to for
mulate an expression tha t was comparable from year to year. T his·· was accom
plished by dividing the total number of individual animals recorded each year by 
the aggreg·ate number of stations censused during that particular year. T he expres
sion obtained, number of animals per station, is comparable between years. De
tailed weather data were gathered, and censuses were taken only on days of very 
similar weather conditions. Calls and sightings accounted for 90 and 10 per cent, 
respectively, of the records. 

Only 16 more chipmunks (126 vs. 110) were 1·ecorded on the cut area than on 
the uncut area during the IO-year period. Figure 1 shows that differences within 
years were also relatively minor. Possibly of greatest importance is that as the cu t 
area regrew there was no significant increase or decrease (based on a regression 
coefficient and "t" test) in numbers of chipmunks. On both study areas variation 
in chipmunk abundance by years was consistent. For example, the highest popula
tion was observed on both areas in 1957, while the lowest population was observed 
a year later. 

From these data, commercial clearcut logging seems to have no appreciable 
effect on chipmunks in northern hardwood forests . Al though no quantitative data 
are available, indications are tha t yearly fluctuation in chipmunk population density 

lThese d a ta were summarized and evalua ted while the author was a graduate 
student at the State University of New York, College of Forestry, Syracuse, 
and sincere thanks are ex tended to Professor Emeri tus R. T . King and Drs. W . 
L. Webb and E . F. Patric under whose guidance he worked. 

2Total area of the cross sections of all trees on an acre, based on diameter al 
breast height. 
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Figure 1. Trends in abundance of chipmunks and reel squirrels on the two study 
areas from 1952 to 1961. 

is primarily the result of differences in hardwood seed production. Higher popula
tion densities were observed at four-year intervals in 1953, 1957 and 1961. 

Only 15 more r eel squirrels (48 vs. 33) were recorded on the uncut area than on 
the cut area. Figure l shows that differences within years were not large, although 
variation was gTeater for red squirrels than for chipmunks. As for chipmunks, 
there was no significant increase or decrease in numbers of red squirrels over the 
10-year period. On both study areas variation in the red squirrel population by 
yea1·s was consistent. 

These data indicate that in northern hardwood forests, commercial clearcut 
logging has no major detrimental effect on red squirrels. Of possibly greater detri
ment to the squirrels on the cut area was the reduction in food-producing reel 
spruce stands. Yearly fluctuations in population density could probably be traced 
to periodic food source cycles, wi th population highs occurring every three to four 
years. 

For the years 1952 to 1961 the chipmunk and red squirrel populations were 
closely correlated, i.e .. , generally when one was high or low, so was the other. 
Since the two species were similar in their censusability with the technique em
ployed, it is also evident that chipmunks were considerably more abundant than 
reel squirrels on both study areas. 
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A FIRST RECORD OF THE SQUIRRELFISH FROM NEW YORK WATERSt 

Richard H. Schaefer 

Thomas Doheny 

Supervising .Aq uatic Bio logist (Marine) 
New York Stale Conserva tion Dcpartn1cnt 

Conservation Biologist 
Hempstead Town Departmen t of Conservat ion 

and \ Vaterways 

On .-\ugust 14, 1969, a squirrelfish (Holocent·1"1.1s ascensionis) 2 was collected by 
dip net from Reyno lds Channel nea r the Doxsee Sea Clam Co. at Point Lookout 
on the south shore of Long Island. T he fish was subsequently brought to th e atten
tion of the junior a uthor for identification. Based on a seard1 o f the literature, this 
is a fi rst record of the species from New York waters a nd extends slightl y its 
nortbern range on the At lantic coast of the U ni ted States. 

First recorded squirrelfish (Holocenlrus a.scensionis) from New York waters. 

Some of the more critical morphometric and meristic data are as follows: total 
length , 95 millimeters; fork length , 84 millimeters; standard length, 76 m illime
ters; depth, 26 millimeters; length of upper jaw, 11 millimeters; lower limb gill 
rakers of fi rst arch , 15; pored latera l line scales, 49. At the time of collection , the 
water temperature was 23.4° C. and the salinity was 24.8 0/ 00. 

The range of the squirrelfish has been given by m any a u thors as generally ex
tending from Brazil to Florida and Bermuda in the western At lantic (Jordan et al. , 
1930; Beebe and Tee-Van, 1933; Breder, 1948; Briggs, 1958; Bohlke and Chaplin, 
1968). lt is not surprising, therefore, to fi nd the species absent from previous 
fa una! lists of marine fishes reported to occur in New York waters (DeKay, 1842; 
Bean, 1901 , 1903; N ichols and Breder, 1926; Breder, 1938; Greeley, 1939; Gordon, 
1949; Latham, 1964; Alperin and Schaefer, 1965; Sch aefer, 1967) . Recently, how
ever, Anderson and Gu therz (1965) reported the capture of several squirrelfish 
from offshore waters between Florida and New Jersey. T hey noted that one small 
specimen ( < 40 millimeters in standard length) , taken about 100 nautical miles 
southeast of Mon tauk Poin t (New York), represented an 800-m ile northward range 
extension for the species. T he cunent collection was made within an estuary 
approximately 130 nautical m iles north west of the la t ter location. 

As noted by both McKenney (1959) and Anderson a nd G u therz (1965) , the 
genus Holocentrus was reported previously from Newport, Rhode Isla nd (Goode, 
1884) and Katama Bay, Massach usetts (Smith , 1899, 1901). The species identifica-

lContr ibution No. 70-3 from the D ivision of Marine and Coastal Resources. 
2According to the nomenclature of the American Fisheries Socie ty (1 960). 
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tion of these records, however, is in doubt. The specimens were assignee! to H. 
jJenlacantlmm (Goode, 1884) and H. ascensionis (Sumner et al., 1913) . The only 
additional inshore record for the family Holocentridae in the New York vicinity 
appears to be a specimen of the dusky squirrelfish (H. vexillarius) reported b y 
Fowler (1952) from Atlantic City, New Jersey. McKenney ( 1959) observed, h ow
ever , that its descript ion was more indicative of H . coruscus or H. lm/lisi. 
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NOTES ON A FOOD PREFERENCE I'.\/ AQUARIUM CARPl 

Senior Aquatic Biologist 
New York State Conservation Department Howard A . Loeb 

Carp (Cyprinus caprio), taken from the Barge Cana l a nd ranging in weight from 
2 to 8 pounds, were h eld in a 550-gallon tank at 65 ° F. After a 2-week acclima 
tiza tion period, they were feel commercia l fish pellets and I;:j-inch dry flour ba its. 
Approximately 4 ounces per clay of one or the other were ea ten by 12 fish that to· 
geth er weighed about 50 pounds. 

Feeding was hesitant a t firs t a lthough all of the food was consumed. ·within a 
few clays both foods were accepted with great eagerness and eaten in a few sec
onds. As time went on , however, the flo ur baits were taken with less and less 
eagerness until they were merely mouthed, spit out and finally ignored altogether. 
Refusal of flour-cornmeal baits was noted by Loeb (1960) . 

To examine the sensitivity of the fish to the flour content, a preference test was 
made. For 1 week, only commercial fish pellets were feel. T hese were followed 
by baits containing increasing p ercentages of white flour. Feeding reactions are 
sh own in Table 1. As the proportion of flour was increased beyond 30 per cen t, 

TAttu: I. RFACTioNs OF CARP 1:-.; AN AQUARIU \I -ro !'RocREss1v E1.Y J -;cREASFD A:'\D 

DFCREASEn l'ERCE:'\TAC;Fs OF F1.0 11R IN BAITS 

J' ercentage Color of ])ays 
of flour ba it fc~l Reaction of fish 

0 brown 2 immediate ingestion 
JO brown 2 immediate ingestion 
20 hrown 2 immedia te ingestion 
'.HJ dark tan 2 itnrncdia tc ingestion 
40 dark tan 2 finicky mouthing and ingestion 
')() dark tan 2 increasing 1nouthing· and ingestion 
60 dark tan 2 increased mouthing, sp itting and 

ingest ion 
70 dark tan 2 mouthing and sp itt ing 
80 ligh t tan 2 slight mot1thing and spill ing 
<)() light: ta n 2 baits untoucl1ed 

]()() white ;) baits u ntouched 
90 l ight tan 2 baits untouched 
80 l ight tan ,, 

baits untouched. 
70 d ark tan 2 baits untouched 
GO dark tan 2 baits u n to uch ed 
:)U dark tan 2 l>a its untouch ed 
.JI) d ark tan 2 ha its lllltOUChCd 
'.\O dark tan 2 111outlli11g, spit t ing- and ingestion 
20 brown 2 inouthing· ~lllll ingestion 
]() b rown 2 i1n1nediate ingest io n 
0 brown 2 i rn n1cd ia l e i ngcst ion 

==~=='==--=- ==--=----_-_·-==-=---~--

the fish sh owed progressively less interest until they completely ignored baits con
taining 90 per cen t or more of flour; and the reverse was true as the proportion 
of flour was decreased . 

The original pattern of feeding involved stimulation by eye, an immedia te dash 
for the food and ingestion. All of the fish exhibited this b eh avior. It would appear 
that the first d ecisions to refuse the baits were the result o f taste and odor stimuli. 

1A contribution of Federal Aid in F ish and Wildlife Restoration Project F-9-R. 
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T he decision not to touch them as the percentag·e of flour increased was appar
ently made by eye, possibly controlled by one or two dominant fish . Resumption of 
feeding must have involved all three senses. 

A limited number of subsequent tests in lJi-acre ponds revealed no preference for 
either bait. Both were ingested or refused at times. T he presence of natural foods 
in this case undoubtedly influenced the results. Stomach analyses showed that some 
fish had eaten baits while others favored living organisms. Rarely were both pres
ent in the same fish . 
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A BIRD INGESTED BY A WHITE-TAILED DEER 

Senior V1Tildlife Patholog·ist 
New York State Conservation Department Ward Ti. Stone 

Biologist Aide 
New York State Conservation Department John R. Palmateer 

' •Vhite-tai led deer (Odocoileus virginianus) have been observed eating fish thar 
fishermen have thrown on the shores of streams and ponds (Severinghaus, 1967) . 
Muntjac deer (Muntiacus reevesi) have been observed chewing antlers and bones 
(Dansie, 1968). In addition, a red deer (Cervus elaplws) has been observed killing 
and eating a Manx shearwater (Procellaria puffmus), and red deer were thought to 
have preyed upon shearwaters on a number of occasions (Worrnell, 1969) . 

In August, 1969 a 128-pound 2V2-year-old white-tailed doe from Herkimer 
County (N.Y.) was autopsied for suspected arsenic poisoning. While sorting the 
rumcnal contents, several pieces of tissue resembling the breast muscle of a 
small bird were found along with several bits of feathers and two bird legs. Dr. 
Edgar M. Reilly of the New York State Museum examined a fairly intact leg and 
tbought it might have been from a rufous-sided towhee (Pipilo erythropthalmus) . 
T he doe had been feeding on blackberries and blackberry vegetation. Tests for 
arsenic were positive. 

' Vhether the arsenic poisoning had effected the beh avior of the doe and caused 
her to ingest the bird is unknown . The bird may have been found dead and eaten 
accidentally, but the reinains gave considerable evidence of mastication without 
rejection. Although the doe was in good flesh , she was lactating and may have had 
a deficiency in salts and/or proteins. Perhaps deer learn to use dead or helpless 
animals as a source of nutrients. T his may be particularly true among deer that are 
living in the nutritionally poorer areas of their range. 
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OCCURRENCE OF BOTFLY LARVAE IN R ED FOX 

Senior W'ildlife Pathologist 
New York State Conservation Department Ward B . Stone 

Botfly larvae of the genus Cuterebra are commonly parasitic on rodents and 
rabbits. These larvae occasionally parasitize cats, dogs and, very rarely, man 
(Herms and J ames, 1961) . In New York a cuterebrid larva was found in the neck 

of a white-tailed deer fawn (Severinghaus, 1949) . However, there seem to be no 
other records of their occurrence in wildlife other than rodents and lagomorphs. 

During September 1969, Elmer Davies, a State trapper, caught a male red fox 
(Vulpes fulva) in St. Lawrence County that was parasitized in the neck region by 
two fly larvae. In October 1969, a hunter shot a female fox in Herkimer County 
that was infected with a single fly larva. These fully developed larvae were identi
fied (according to Belding, 1965) at the Delmar Wildlife Research Laboratory as 
Cuterebra sp. T his is believed to constitute a new host record for the genus. 

Both foxes were said to have been in good flesh , and the larvae were in encapsu
lated pockets similar to those produced by cuterebrid larvae in th eir usual hosts. 
T he hair surrounding the larval breathing holes was matted wi th a purulent 
discharge. 
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