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PREFACE

This thesis aims to describe the anatomy of
Polyodon thula, & ganoid, showing its position be-
tween the cartilaginous group of fishes, the Elasmo-
branche and lower forms, and the higher group, the
Toicoata or bony fishes. Changes between Elasmo-
branchs and Ganoids are most marked in the develop-
ment of the large pyloric caecum, type of swim bladder,
and the skeletal system. The skeletal system is both
cartilaginous and dony in structure,

To a lesser degree, this thesis aims to give
an account of the economic importance, breeding habits
and range of the spoonbill fish, as well as a general
classification of the Actinopterygii from which Polye
odon have advanced.

Acknowledgments are due to the University of
louisville, the University of 1llinocis, and the Univere
sity of Tennessee for reference material obtained; also
to Dr. H. B. Lovell for his constructive criticism of
this study, Dr. P. A. Davies for giving me access to
use facilities necessary for study, Dr. J. F. Bradley
for corrections in English of part of the thesis, and
Kv, ¥. lelton for the photography.
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INTRODUCTIOR

The fishes of the family Polyodon, in addition
to their grawing economioc importance in America, are
of exceptional interest to biologists on ucéount of
their primitive sharkelike form and character, and their
-conssquent 1ng§rtnnec in tracing the descent of the bdony
tishcs.}

It is remarkable that the &aatoiy of such an
important food fish as the spoombill, Polyodon spathula,
has been 80 little studied. It is, therefore, the main
pnrpeée of this study to present a detajiled account of
such anatomical structures as could b; traced by gross
dissection.

Assistance in {dentifying these structures was ob-
tained from the previous work of Forbee and Richardson
(1909), who hriétﬁy described the skeletal system. Alexe
ander (1915) gives a brief resume of the viscera. GCood-
rich {1930}, shows figures on the skull and pectoral
girdle of Pelyodon folljum. Quite recently, Adsme (1933)
shows figures on the digestive system of Polyedon

spathula.

18, A. Forbes and R. k. Richardson, 1909, p. 1S5.



~ The atudies mentioned above, however, are 8o
fragmentary that further identification of structures
Bad to be worked out by ecomparing the spoondill with
foems whose asatomy is more thorvoughly ﬂniarihad.

Pratt {1905) and Hegner (1931) on the Teleosts; Cahn
{1926}, Hyman {1928}, Daniels (1928, 1932) on the
Elasnobranchs proved to be of valuable assistance.
.'Kiggaitr (1925}, lLankester (190@}. and ¥alter (1929)
proved to be most ussful comparative anatomies.

Although sctual field studies were not possible,
& oritical disoussion of the economic importance, breed-
ing habits, and range has been made through careful
study of the writinge of ualnraﬁ: suthors on the subjact.
Foremost among these authors were Hussakof {1911), Coker
(1930}, Gowanlach (1933).

The larval stages of the spoonbill are slmost un-
kaown, sxcept for the discovery of post-larval stages
by Thompson (1933).

The asuthor recommends that the further investiga-
tion of the breeding habits and larval development be
undertaken as a most fruitful field of research. Studies
on the anh!yc»u;ght well add important evolutiomary data.

Coker (1930) points out our fundamental lack of
knowledge of the most slemsntal facts concerning the life
histories of common fishes, *To say nothing of the



spoonbill or hackleback itnrgaon. who knows when, where,
and under what conditions occurs the breeding of fresh-
water drum, blue sucker, river herrcing, or Ohio shad?

The last mentioned fish, pétenti&lly an excellent food
and fairly abundant, as observation indicates has not
even besn recorded hitherto from the Miseissippi River
{(1930). VWho has observed the breeding (in nature) of any
of the larger catfishes of th& ﬁinnincippi basin? Where
is the *"niggerlip® catfish during the ten-months of the
year, when it is rarely taken by commercial fishermen?
W¥ho has studied the modifications of form and color cor-
rdlyéndtng to hadits or ages of any of the catfishes ov
buffalo fishes? These are excellent opportunities for
useful studies of fishes that can be readily found in

various streams of the kisaissippi basin.®
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BEEEDIKOG HEABITS , AND RANGE OF THE
8P00XB1LL (POLYODOX
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The sconomie importance of the paddlefish or
spoonbill is worthy of consideration. As a food its
fleah is used both freah and smoked. In the females
the roe is used as cgaviar, Ais a apeociss it is of pe-~
culiar intereat, being markedly differeat in form and
structure from any other fish now living except a single
‘species oqourring in certain rivers of China., Eharke
like in form, but not in beharvior or in quality of meat,
it rvanks as one of the most estimadble acquatic resources.
At times it has seemed upon the verge of extermination
frvom overfishing or other unfaverable conditions; yet»
uppaetntly it shows remarkable powsrz of endurance or re-
cuperation. Coker {1930} estimates the roe of an in-
dividusl fish to woigh from ten to fifteen pounds, and it
may have a value of more than two dollars & pound. A
large spoonbili usnﬁzly means a valuable catoh.

¥or the past few years the flesh of the fish was
not generally sold under its own name but appeared in
the markets under the naze of *“sturgeos®. kow, however,
it is known as spoonbill meat. In the vicinity of lLake
Fepin, in fact, the fishetmen commonly applied the name

*shovelnose sturgeon” to the living fish,



Baibiljty

Jordon (1925) says that the meat of the spoon-
bill is ovarse and is not much esteemed. Recent statis-
tics show us that the meat of the spoonbill i{s in demand
(Sette, 1925).

From personal experience, and in discussion with
several fish dealers, I found the following to be true
in regard to spoonbill meat: The spoonbill possesses
& tough axial membrane {notocordal tissue) extending from
the head to the tail. If this axial cord i{s removed be-
fore cooking, the meat of the spoonbill is excellent;
otherwise the gristly structure makes the fish unsatis-
faetory food. Hence, we see how different pointe of

view arise in regard to the edibility of spoonbill meat.

Range
The range of the spoonbill is in rivers and lakes
of the Kiesissippi basin and in some other tributaries of
the Gulf of lMexico. The spoonbills that the author
worked upon were taken from the Kississippi River in
March, 1934, Vhile this fish is rare in shallow tribu-

taries and has been supposed to prefer waters exceeding



ten feet in depth, yet it cocurs throughout the whole
course of the kisaisasippl River and is widely distrid-
uted in the bamin. Aggording to the United Ltates
Bureau of Fisheries, one of the largest specimens of
record was taken in Lake Chsutauqua, Hew York. Coker
(393@) says the more important fisheries for spoonbills
have been in lakes of louieiana, Ki:ai!tipyi. and
Avkansas and in the Chio, Jllinois and Eississippi
Hivers as far north as lake Pepin between Kinnesots and
¥isconein, Gpoonbille usualily are taken along with
cutfishes, buffalo-fishes, and carp in large seines,
which may be hauled from barges by the use of reels or
pulled ashore by the use of stationary winches. They
are also taken in nets at night. in the Nississippi
diver in recent years the sizes generally taken range
from four to twelve pounds. Large examples of twenty-
five to thiity-fiva pounds in weight have been reported
but are rarve, Fish of twaive to twenty-five pounds
welght are said to be rmore common in the last few years

{before 1926) at points on Lake Keokuk.



Breeding Eabits

in spite of the most careful searches by various
investigators working in many lecalities, vittually moth-
ing has been learned concerning the bresding habits of the
spoonbill fieh. It is reported to breed in Louisiana
{(Alexander, 1315} and it has been found im a nearly ripe
condition at Louisville, Kentuoky. (Everman, 1902).
There is also testimony that it spawns in central lllineis
{R{chardson, 1913).

Coker {1930} states that fishermen and dealers
at and near Xeokuk report that they frequently take
examples sontaining eggs and that the roe is marketed |
for preparation 5; caviar, TWagner (1908) examined about
}1.568 specimens from Lake Pepin, bDetwesn Mimnesota and
#isconsin, from June 11 té September 1, but none wete
found that were nearly ripe or recently spawned.

Stockard {(1907), from obsarvations made in
Louisiana and irkansas, eoncluded that the breeding
nctq#a in that’part of the countrcy was about the middle
oé latter part of aperil. Allen {1911) obtained aspeci-
mens four to eix fnches long on July 1 neavr Caivo,
Iilinois, 3nd larger ones six to twelve inches in length
in late august or sarly September. He inferved that



the breeding season was in Harch.

41l evidence indicates that the spoonbill fish
Bresds either late in winter or early im spring; and as
young speoimens have been obtained at Caive, Illinols,
and lLake Pepin, Nisnesota, and in Hontrose, Iowa, there
is at least some avideace to indiocate that its breeding

activities are confined neither to the northera nor
| southetrn extrames of its tereitory,

Theve appears t0 be & lack of any definite record
of an extended migration of paddlefisk in an upetraanm
ot downstream divection. It has not besn knowa
whether the paddlefish or spocabill of Louisiana and
kicnesota wers bred and resared in thelir vespective
. Joealities or whether migrations occurved between the
extrems limits of the range of the species. A "spring
ean® of spoonbill fish is sometimes spoken of, but
thizs expression is used so generally that no partiocular
atteation can be attasked to ite bearing upon s migra-
tion of the sort in gquestion.

Stockard {1907) furnishes obsertvation of a
coaspicucus lateral migration from rivers to lakes and
from lakes to vivers,

A "During the spring, when the water of the Kiss-
fesippi Biver rises for sevetal feet and backs into the
bayous, thus establishing connections with large lakes,
Folyodon begins immediately to come into the lakes from



the etiver and continues to come in large pumbers

so long as a sufficient connsction is maintained.
To do this it must often make long Jjourneys through
rathar shallov water, in which many obstruetions,
such as bushes and trees, are frequently met. Thus
it finally reaches the lakes in a rather emanciated
- eondition and with its body searred and scratohed.
It is equally true that the fish in the river lakes
{she lakes more dirveotly connected with the rviver)
migrate out into the rivar when the water begins teo
back ia during the spriang, so that fishermen often
abandon their fishing in these places at such a
season, since most of the desirable Polyevdon have
made their escape.”

Vagner (1908) says, "Seemingly the spoon-
2ill is of a rather roving diaposition, eruising
up and down the lakes in large schools.” BHe
observed that it might be taken abundantly in the
seine cae day, whereas the next day there might be
nons.

Beosuse very little definite isformation
is kanown concerning the breeding habits of the
spoonbill, mention of the breeding of ths long-
Bosed gar, a close relative of the spoonbill, should
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be made. Agoording to Pish (1932}, the long-nosed
gar spawns in late spring and very early sunmer in
wars shoal water, often running up smaller streams
in company with the stucvrgeons. The aggs ars prodb-
ably attached to weeds, and the young remain among
the weed beds closes inshore during their first
summer.

Stockard (1907) says that Polyodon does net
spawn in large clear water lakes as does the related

gar-plike.

The peculiar feeding habit of the spoonbill
makes necessary an sotive life with extensive local
migrations in search of food. The spoonbill, un-
like other fish of like size, does not take other
animals of Jarge size as food, dut subsists upon
minute plant and animal life, which it obtains by
straining enormous gquantities of water by means of
its gill raksrs. It must be in constant movement
when feeding and its daily local distridbution must
ve affected by conditions affecting the adbundance
of food asupply.

Observations on the spoonbill's behavior
have thrown some little light upon its strange
feeding habits.. Vhen normally swimming forward
by the slow movaments of i{ts caudal fin, the paddle-
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fish alternately swings its head and paddle from
left to right, covering a wide band with the tip

of its soout. Yeeding seems to depend upon the
straining of immense juantitiss of water which

pass rapidly into the huge mouth and out through
ﬁht gomb-like structures on the large gill slits,
Kofoid? writes of his obsectvations. “in swimming,
the mouth is held wide open without the rhythmical
respiratory movements common in most fishea, though
it is occcasionally cloased energetiocally. The
plankton {misute plants and animals that float in
tuger) is thus strained from the water by long
gill-rakers, and Polyoden is a living plankton net.
It guickly perceives plankton or ground fish added
‘to the water of the tank, and, when feeding, circles
rayidly over the sase path at times dragging the
lower fins on the bottai‘.

As is kaawa,‘tat most vtemarkable thing adout
thp tecéing habits of the spoonbill is the fact that
though living on & auddy botta:.'it manages to avoid
eating mud, and as Forbes and Richardson {1909) bave
#8id, "The relatively ainute size of many of the
objeots on which it feads, the absence of mud from
the intestine, and its seeming preference for animal

2g0feid, as quoted by C. R. Stockard (1907)
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food iméicate that it is not only able to gather
latge quantitiss of very minute cbjects froam among
the weeds and muddy bottom, without fillimg itself
with mid, but that it can separate the Ratblost!net
{(water fleas) from the Algaes (minute water plants)
among which they swin?,

During the course of digsection we obastved
4ried mud deneath the comb-like gill-rakers., This
would be a point of proof that the mun s
ocomb-1iks rakers serve as perfect steaimers to pre-
vent mud from entering the intestine,

Thus by adjustment in structure and habit
this great fresh wuter fish has ¢coms to support
iteelf catin:y and aoat successfully upon myriads
‘ of tiny living orfganisems that swim in the water
wheté it lives.

Coker {(1930) says R. A. Muttkowski detesr-
mined the stomach contents of five spoondbilles taken
by &teingham in louisiana, at various dates from
April to August, and found the material to consist
chiefly of insect larvae (Nay fly nymphs, caddisfly
larvae) and insect remains, with sxall guantities
of plant and other debris. Pleces of wood and
sowe parasitic nematodes were aleo included. The
stomach contents of a spoonbill submitted to the
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Bureau of Fisheries from Louisiana and examined by
Coker {1930) contained slmost exclusively the pelagic
and transliucent Corethra latvas, Such observations
indicats that the spoonbill may feed eithsr at the
bottom or in the water adove, & matter about which
thers has besa & difference of opinion.

Sise

Paddlefish attain great size, the maxisums
available record being 173 pounds. MNeasurements of
one museum specimen will indicate the proportions
of the species. Six fitt, two inches in length,
this individual measured four feet in its greatest
circunference and weighed 150 pounde. According
to Gowaslach (1933), ususl specimens scale at thirty
to fifty pounds., His view differs with Coker (1930)
whio says these reported cases are rare.

It is natural that a fish so remarkadls in
form should at an eatly date attract attention to
the Hew VWorld,

J. B. Gowanlach {1933) says; *"Peve Marquette
in 1873 to 1677 provided what is prodbably the Lfirst
mention of this mpecies when in the Jn\ait Relations
he says of it: near its nose {paddle) is a large
bone shaped like a woman's busk, thres fingers wide
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and a cubit loag, at the end of which is a disec
as wide as ones hand,

*¥albaun she vriginally deseribed the
paddlelish in 1792 thought it was & shark”,

L

Beagtiocn

From personal experisnce, it seems that

- the spoonbill feeds mostly at the bottoam of ihc
watelf. As much as twenty feet of real cord had to
be used before any bites of the spoombill ocould be
felt. It is fnterestiag to nots that the reaotion
taken by the spoonbill is peculiar. it tiil make
one attempt to escape and then remain motionless
for several misutes. It does not put up & battle
as does the carp or trout. The reaction of the spoon-
9111 appears 10 be similar to that of the flounder
or porgy.

Hassakoef (1911) desoribes the action of the
spoeondbill atl oclose range, dﬁting a datoh of different
:)aaici atyaanoids. *As the seine is gradually wound
up and the fish becoms confined to narrower and nar-
rover spaos they dart wildly adout sesking means of
escape. Une may then study the spoonbill at very
close range. Iti sense of sight is poorly developed
as one might {nfer from its small deady black eyes.
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if its "noss® is caught ia the seine it makes only
feeble efforts to fres itself and usually fails to
40 80, The gontrast betﬂt;n the clumsiness of
the spoonbill and the slertness of an active fish
is strikingly brought out if a gar pike is taken
in the same haul; for the gar makes tremendcus
sfforts to escape and unless rendered unconmscious
by a blow with a mallet, will flash through the
seine as if it were guase. L.catag.evct the side
of the boat, neavr the corkline of the seine, one
may seise a five foot paddlefish by the nose (paddle)
or the tail and haul it into the oat; the only
resistance is that of weight. The fish has abso-
lutely no sport value®. ' |
Ageording to oral reports of several fish
dealers of louisville, XKentucky, the spoonbill does
put up & battle at times. Ite chief weapon of
defense is the oaudal portion of its body, which it
ocan swving around freely (because it has a cartilag-
inous spinal coluam) and stvike its opponent. They
ceport its striking ies painful enough to allow the
sscape of the fish. Of gourse, tha size of the
speonbill would detevmine its rteaction during & catoh.
The above statements seen to contwadiot
Euesakof's description of the oateh of the spoonbill.
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" %o may conclude that although the spoondbill has ne
sport value, it at least makes one attempt to react
viclently in order to escape, and thus shows more
rttiitnnec than metely jits weight.

Ageording to Hussakef (1911), the spoonbill
has very deficient sight, and in finding its way
{movement)} it depends chiefly upon the delicate
taatile sense organs in its snout. In cases of
this kind the sensory warning sight well gome too
late to suve the snout; in fact, instances are
often seen in whioch the snout is almest completely
broken off. utoekard (1907) observed a uczl-condi-v
tien!d spoonbill that had lost the greuter part of
its "bill®*, but that cvidtatls'hsd':arvivii and
grown without it.

Zyrther Zoongmic Uses

Acoording to EZverman (1902} ons of the
ficst spoondbill fisheries to develop in this
countey was that of lLouisville, EKentuocky, on the
Ohio River. In 1898 Everman® visited Louisville,
whete the fishermen were catching considerable
numbets evary spring. He says they were caught
is considerable cumbers five to ten fest balow
the surface of the water. Coker {1930) says they
are best found at Jeast ten feet or mors delow the

3.8 stated by Bussakeff (1911)



surface. The depth, I balieve, at whiech spoonbille
are caught m vary with the abumndance of spoombills,
month of the year, anéd the ti&c of the river.

As inoveasing numbers of spoonbills have been
eaught by the vatious fisheries, farihne econonic uses
have developed. 1n scutting up the paddlefish the
heads and fins are usually discarded but sometines
they are boiled for oil. Roe is removed to be pre-
pated for caviar. It weighs from two to twelve or
fifteen pounds in a single fish. It is put on &
fourse wire sieve and rubdbed dy hand across the wires
- watil the eggs are separated from their membranes
aad dropped into the bucket heneath the sieve. The
Sgg at§ a?noni:h black in color, about three times
the sise of ahn4 ngga. and p}a very numerous. The
raw caviar is then mixed with “German® salt and is
ready for shipment, 1t must undergo still furthet
praparation before it is in the form familiar to
us. In fits raw state it was valued at fifty cents
a pound (1910). bLuring the vorld War it was valued
at thrse dollars a panaﬁ. To date {1934) its value
is two doliars a pound, 1t is said that spoonbdill
caviar is the dest known, having received the high-
eat award at one of the world expositions.

From the figures brought togethar by Sette
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(1925), it appears that the paddlaefish, after a
matked decline folloving the cn#uas Year of 1899,
has been holding its own as commercial resourcs
of the Xissisaippi basin.

In regard to the price of spoondill meat,
Goode (1903) states that "1t is generally sold at
four ceats a pound®. To date {1934) the mest of
 the fieh sells at tunat& cents a pound. This
tesult in rise of price indicates the speonbill to
be less common of more in demand than in former

yeoars.

Kusmaty

| By way of suamaty we can say that the
psddlafish or spoaahil!,‘thaush not migrating in
a8 largs a numbel as in former years, is still an
important produst of the commercial fisheries of
the Kiesisaippi basin, Formerly sold under &
false name, it has now come %o stand on its owmn
merits. Fathermors its roe has a value for

the productioa of caviar. The breeding of spoon-
bill fiskh has never been observed but is presumed

t0 ooecur in early apring.
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QBIRICHETHYES 1IN GINXRAL

Bistimctive Characters and Claseifieation

The Osteichthyes or bony fishes are those in
which the primary cranium is dAlways complicated by
the addition of iavesting baacuﬂ gome of whieh as in
stuvrgeons may secondarily disappear, of which a pairv
of parietals and one of the froantals above.and
inpaired vomer and parasphensid below are the moest
constant. The chondoorsnium is always morTe oF less
ossified by replacing benes, imcluding a supra-
sceipital; and upper and lower are doth bounded by
investing bones.

Lankester {1909) indicates that the jaws ave
connected with the cranius through the intermedia-
t;an of » hyomandibular which is probably not homol-
ogous with the similarly named elements of the Xlasmoe
Branchs. The dearmal finned rays ara formed of bones,
and are supported by pt;rygiaphntcc‘ whick may be
either cartilaginous or bony btut which always show a
great redustion in number aes compared with the homolo-

gous etructures in Zlasmobranchs.

$0ue of the cartilaginous or bony elements by which
the rays of the fin of the fish are supported: radial,
an actinost,



The primary shouldsr girdle is complicated
by the addition of investing Lones, of which & latge
elavicle is the most comstant. The peivic girdle
is vestigial or aksent. The pelvic fims usually
undergo a forward displacement, their position being
aither abdominal, i. ¢., betwesn the anus and peato-
ral region, ot t&gcaexc. i. 8., in the pectoral
region, or jugular, i. e., under the threat. A
dermal qxaskilcton is usually picstnt' T™he intes~
tine may or may not have a eopiral valve; the anus
is separats from, and placed in froat of, the urisary
and genital apsrtures. The gille arve eugcro& by an
oparoulum supported by imvesting boses, and the inter-
brachial septs are reduced or abssnt, so that the
gill-filaments ave partially or wholly free; the
hyoidean gill is reduced or absent. The conus
arteriosus is sometimes éralcat, somatimes abaent;
when it is absent there is a large bulbus aortae
. formed as a dilatation of the ventral aérta. The
prossncephalon has usually & noa-netrvous roof;
the optic nervas eith;t.rarn a chiasma ov simply
decussate. The ova ate small; the gonoducts ate
eontinucu§ with the gonads ot open anterierly inte
the aaglaar or ate absent; in the last instanoce

the sexual products pass sut by genital porass;



true abdominal pores may be present in addition.
Segmentation of the egg is sither sntive or
dimim; devalopaent is sometimes scoompanied
by & metamorphosis.

8inoe my topie deals speoifieally with
Polyedon, 1 shall disocuss the special group
Agtinopterygii ineluding the family Chondrosteidae
and subsorders Palasoniscoidel and acipenseioidei.
The sub-order Palaeoniscoidel includes the families
Platysoaidas and Catopteridas and sudb-crder
Agipenseroidei includes the families Chondrosteidae
and Polyodontidas.

These specifie types can setve to show
evolutionary eh‘ans‘u in the order Actinopterygii
83 well as to place the particular family Polyoden
at the height of the evolutionaty socale preceding
the Holoastei or next higher evelutionary species.

Briefly the following classifiecation oan
be used: '

Group or Order: Aetinopterygsii
Sub ordae 1; Palusoniscoidae
a. family: Platysomidae

b family: Catopteridae



8ub order 2: Agipenseroided
s, family: Chondrosteidas
®. family:: Polycdentidae (spoenbill)

To follow the brief olassification outlined

above:

amr: Aotinopterygii
8ud order: Palasoniseoidae

These are the most primitive and the earijest
of the Actinopterygii. They appeat in the Lower
Devonian periocd, and are abundant in the Carboniferous
and Persian periods, and die out im the Jurasaic
period. The dermal skeleten is covered with ganoine.
The scales are usually rhomboid, with articulating
pegs; but in some {(Cooccolepis, Cryphiolepis)} the scales
are oyloid and deeply imbricating on the trunk, and
in Phanerostrum the truak is almost scaleless.

The orbits are far forward and the snout
blunt, sc that the nosteils are lateral or even ventral,
vather than 4dorsal. The superficial eranial bones
differ but 1ittle in plan trou those of the nermal
Telesostone. The opercular, subopetoular, and gulars
form a oontinuous series. The orbit is surrounded
by a sarrow ring of few bones. The hyomandibular
is elongated backwards and cenneoted with a broad



ytcrrgou plate. The lower jaw has e«su;. angular,
splenial, and articular bones.

Tanily Platysomidae

la everything but the shape of ths head and
trunk, which beocomes icry such compressed and deepsned,
and the acoompanying extension of the dorsal and anal
fin, the Platysomidae closely resemble the Palaeonis-
eidae. Aurynotus, Kssolepis, and the Platysomms
are three stages in change of form. 4As the body
deepans, the scales become transversely elongated.
The jaws become mote pointed, and pelvio fins decons
teduced in size {Platysesus), or disappear sltogether
as in Cheirodus. The hyomandibular becomes nearly
vertical, and the mouth is diminished. The teeath
may be consideradly modified, beconing eswollen and
tritoral.® In Cheirodus and Cheirodopsis the pal-
atal and npzcaxa‘ teeth fuse to grindiang plates.
Thie funy is found in the Cardoniferous and
Paraian strata.

Family Catopteridas

This type comes from a triassic family of fusiforas

Stritor - The flat surface of a tooth developed for
purposes of trituration, or grinding.

Ssplenial - A thia el ted membrane bone of the lower
Jaw of some reptiles gasnoid fishes, between the

articular and dentary {(called *teeth® in ganoids).



fish ressmbling the Palaeconiscidae in general structute,
but with an abbreviate hetercosrcal tail. The head and
shoulder girdle are Palasoniscid. The ganoid soales
arte vhomdic; the testh slender and oonical.

SUB ORDER 2 ACIPERSSROIDEL

. lankestar (1909} says that asceording to the
researches of Tragair and A. S. Woodward, the families
ia this group form a degenevating seties atarting from
a type similar to ths Palasoniscids;. they reach the
highest degres of differentiation in the Acipenseroidei.

the body remains fusiform with a typieal bifur-
cated hetevocercal tail. The dorsal and anal fims are
moderately short, The otbits are far formard, near the
olfactory capsules, but the snout becomes greatly pro-
longed fros the mouth.

Fanily Chondrosteidae

The Chondrosteidas contain the most ancient
known Actinopterygii. The definite assooiation of
the Palaeoaiscidae and Platysomidae with the
iAgipenseroidel is due to Traquair. One of the
Palasoniseids, Cheivolepsis, is found as ths first



‘representative in lower and Upper Devonian recks,
Thay seem to bave diverged im thtes prineipal
diveotions leading to the FPlatysomidas, Chondros-
teidas, and Catopterydas. The degenerate
Chendrostei are consideved to be the only direct
survivors of the sub-order at the present day.
it should bs remembered that the belief in their
close affinity to the Palaconiscids rests on
sisnder evidence. The whole endoskeleton ie
incompletely ossified, remaining for the moat
part cartilaginous, and in oconsequencs is very
incompletely known in the extinct spescies.

The trunk appears to de soaleless; rhombic
gancid socales are found on the tail only. The
paived froantals, parietals, postfrontals, and
pterstics (squamosal) are still mermally developed
and sot separated by & median seties.

In this family the pectoral fin has a
faivly normal skeleton, conforming to the
rhipidostychous plan, with a remarkable structure,
differing from all other Oateichthyes. There is
8o definite line of demarkation existing between
the pelviec girdle and the skeleton of the fia
fteelf, |

The radiala, forming a single series, are



articulated to basals which ate mers or lesas in-

dependeat posteriorly, but which are fused to the
givdle in fromt.

Dersal processes, anslogous if not homolo-
gous with the iliac procass, m devsloped along
the basal region of the fin of the Polyodon. In
the geaphirhynchus gataphyragtus the intersal end
of the pelvie cartilage may be segmented off as &

ssparate sl mt.v_.

Family Polyodontidae

Polyodon is from the Oresk msaning "meny
and tooth®; Ddut the name is a nisacmer, for when
gtowm, the spoondill has not a tooth in its head.
Spathula is latin “"spatula®, appropriastely refer-
ring to the blade~like snmout.

Gowanlach (1933) says, "Today the paddle-
fish stands a single Horth American member, not
oaly of its family (Polyodontidae) but also the
single surviving Sorth American Selachostoms."

Thess fish have minute scales on the
tvunk; sanll and sepatite in Crossopholis, quite
yestigial i3 polyodon. 4 Cretacecus gemus,

' Phelidurus, alone retains the gansine (A. 5.
Woedward). An snormous flattend rostrum with



Yery small barbels is developed ia the Polysden.

Jordon {1925) states that the second
species of Polyodontidae namely Feephurus gladius
found in the rivers of China, possess a narrower
saout, fewer gill rakevs, snd much ecarser fulera
on the tail than does the American speciass
Polyeden spathula. Goode (1903) says that Chinese
species ocoasniocnally attain a length of at least
twenty feet. Agcording to Jordoa, the habkits as
far as kno;n are muoh the same in the two species.
Howsver, Kyle (19258) points ocut a differencs. He
says that the long, spade-like sasut of the spoone
" Bi11 is supposed to be of use in stirring up mud
when the fish is searching for its food. But the
speclies that lives in the Chinese rivers is said
Aot to use its snout in this way; in fagt, the fish
seems to be greatly inconvenienced by it. Jordon
reports the carps ¢an stir up the mud without a
snout,

1t may be that through disuse the bill of
the Psephurus gladius will eventually disappear.
Perhaps the same will alss be trus of the American
spoonbill because many forms are found that appar-
t'uuy live Just as conveniently without the bill,

The Actinopterygii first appear ia the



sarly Devonian strata and have since survived
as the dominant group of fish. Nodera advances
in knowledge of structure and classification of
the more primitive fossils whioh formerly included
the Gamoidei are due teo Wagner (1908).

The following table shows geologieally
the phylogeny of the Osteichthyes from which the
Agtinopterygii have advanced,
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atrod

The body may be divided into three regions!
the head, trunk, and tail, the boundary betwsen the
latter two being the anus.

Vertebrates which live in the water differ
from those liviac on land in the arrangement of the
body regions. Aguatioc animals must force their way
through a denssr medium and hence the forward pesition
ef the body is rigid and more or less wedge-shaped.

‘A true neck region is absent. Ever in those mammals
which have adapted themeslives to a wholly aguatic iife,
as3: in the Cetaceans, the neck region is se much reduced
that the head and trunk are in direct contact with one
another, In every animal which moves rapidly, however,
at lenst one flexible body region muat be present whers
the body can turn when the direction of movement is to
be changed. In the fish this is accomplished in the
oaudal rvegion; in most land animals in the lumbarv

region.



A S8KIE AKD BCALES IR GRNEBAL

Although it is & popular belief that all fishes
have scales, in reality this is not true. In general,
scales sesm to be & pre-requisite of the higher or bony
fishes, though by ne means 51l of these fishes have
‘seales. Their chief purpose, is no doubt, protective
and this is only one of the several ways which nature
has found for achieving that purpose for different fishe
o8, Bony plates, spines, and shagresn are all made use
of, and when &l]l these are wanting the usually tender

skin becomes bard and leathery in composition as ocan de
cbaerved in the degfish in oonmtrast with the smooth skim

of the Pelycdon gpathula. 7The evidence lieads us to be-
dieve that &ll true fishes have an outer covering of some

sort and that those whioh appear naked have lost it,

ikichovor one of these oxtss protective devices
Bature employs, thby all grow out of the skin itself,
As in other vertebrates, the skin of the fish consists
of two lnye}l. On the outside is the epidermis, made
up of several layers of cills without blood vessels, and
on the inside the thicker dermis, composed of fibers and
- supplied with blood vessels and nerves. The epidermis
is almost transparent, and so soft that friction will
remove it. Hildebrand (1930)7 says, "In the dermis,
7;;rcetat of ﬂnitid Btates Fisheries Biological Statione-
Horth Carolima.




inoidently we find the explamation of the distinctive
beauty of fishes, their silvery iridescence. ,!h"
results from the presence of slements with a temark-
able power of reflecting light called iridooytes.
When they ocoutr inm a thick and dense layer, called
argenteum, on the inaer surface of the skin, they give to
the fish its silvery appearance.”

lncidently, as alresady mentioned, the integu-
ment of the Felyodop spathula is devoid of scales but -
is more or less smooth {(smooth in young specimens, rougher
in old specimens) and very little silvery appearance is
shown,. it presents a rather 4Aull grey or brownish grey
coler. From this fact we conslude that Relysdom spa-
£hule has very few of the elements oalled iridooytes.
The pigment 6‘11. of Pelyoden spathuls sseam to de
astively funstional by color reflegtion, variation, and
intensity of coler, both extevnally and in the dermis.
When the iridooytes ate scattersd singly they are said
to cause an iridescence or play of colors. This fact
alao leads us to conclude that thers are only few
iridocytes in Polyedon spathula. In general, the dermis
in fishes contaias irvidooytes (if silvery scaled or many
oolored) and pigment cells. GSome pigeent cells ars
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black and others solored,

Seales grow out of the dermis bemeath the epie
dermis, but the posterior edge may project to some exs
tent through the latter. They are thin calecified
plates, being mors horn-like in composition than bones
and comparable to human finger nails,. ¥rue scales in
‘the adult fish alse overlap one anothet like shingles
on a reoof, the outer edges always being directed toward
the tail of the fish, and the scale in froat covering
‘three~-fourths of the one behind it,

Unoe a race of fishes have developed a complete
body covering of scales they n&y for some reason lose

it wholly or in part, or they may retain it only in a
degenerate form as oblong plates partly embedded in the
skin or as small spines or prickies. The carp (Cyprinus
garpia) offers an example of a single species some mem~

bers of which may be completely scaled; others, such as
the mirror car¥p, only partly scaled; and still others,
sueh 2as the laatheé ocatp, wholly naked. The fresh water
eels have degenerated séales consisting of oblong platds
arranged in groups, set ét right angles to each other,
and partly dburied in the skin, Unly very closs examina-
tion will show these structures in the esl. The file-
fishes, some of the puffers, and certain seulpine all
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show degensrate or modified scales im the form of small
spines; the porcupine fish (Diodon hysteix) is an
outstanding example. Sesides having spines, this fish
£411s itself with air ov water for protection.

Iks Sybstange Gangin

The word geanoid refers to the substance whiech
covets the cuter surface of the bony plates protecting
menbers of this great group of fishes (ray-fins). This
 substance resembles dentine and is called ganeip. The
ganoid plates on the American gar-pike may Ve taken
as the most typiecal example of this kind of covering.
Thase aTe lartge, bony, rectangular plates arvanged in
cows and placed sdge to edge, in coatrast to the over-
lapping scales already described. These plates are
very hard and form an sxeoellent armor., Although inter-
locked for additional streagth, they 4o not make the
body rigid, as they may separate or partly slide over
each other when the fish moves its body from side te side.
The free sdges of the plates are so sharp that a live
fish, when held ian the hands, can cut deep wounds by
thréving its body from side to side in an effort to

escape, thereby pinching the hande and fingers between



the margins of the plates. ,

In the sturgeons - ameng the largest fishes of
our seashores, rivetp, and lakes - the ganoid plates
only partly cover the body. Genevally two rows of
plates lie on the back: one along the side, and another
along the edge of the abdomen. Thoge parts unprotected
by shields are covered with rough leathery skin. Fine
8lly in the paddlefishes, Polyodon spathula, the ganoid

plates have disappeared entirely, leaving the akin al-

most smooth. 1The Polyodon spathulas with its rather
delicate bill and smooth skin, appears, as compared to

other ganoid fishes, to have very little protective

adaptation.



B Exterual Anatomy of Felyedon spathula

The bady of the spoonbill is compressed later-
8ily and i» in general elongate. Ite maxingn width is

that tegion of the trunk just anterior to the pelvia:
fins; this body ragion is approximately one-sixth its
entire length. The head is depressed cad elongated,

terainating sateriorly in s spathula-shaped snout,
The snout is paddle-shaped as oan be seenm in the photo-

graph (Fig. 1), The greatest width of the bill is its
anterior portion. The snout is believed to have a
sensory function. Pretruding fras the head ints the

biil, the eartilaginous rostrum can be felt extending
to the tip eand of the snout. The rostrum is thiokest
8t the posterior portion of the uill and thins out_as

it goes antesriorly along the mid region of the bill.
The lateral portions of the bill are soft and present
the feeling of a thiok rubber membrane when pressed
from the sides. |

Although no reference has been found pertain-
ing to the relation of bill to pressure, we suggest

that since the snout is a sensory organ, pressure may
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have an effect on it. When pressure bacomes 100
great, the bill may varm the fish %o ssek a higher
lavel. The shief funotion of the long spathula,
huwivef. is to stir up the mud, in which are found
the miaoute organisme on which the fish feeds. Under

the paddle are two pairs of minute barbels corres-
~ ponding to those of the sturgeon. The long and

slender gill rakers serve to strain the food (worss,
lesches, water beetles, crustaceans, and algae fros
the muddy wmaters from which they arvre takem). Accord-
ing to Jordom (1907} the most important part of their

diet consist of Zatomestracans {small ecrustacesns).

The color of the spoonbill varies on its 4if-
ferent surfaces. The dorsal surfaoe is dark arey,
the lateral, a variation to a greyish dbrown color, and
the ventral surfage, a light brown axeept for tha belly
surface which is white (Fig. 2).

iins
The fioe arve flattened sutgrowths of the body.

They are supported by iastersal cartilaginous rods and
the dermal fin-rays. Both the cartilaginous and der-

mal structures are Visidle on sxternal examimation.



41

The fins ate of two types: median and paived. The
paired fins are hemologus to the paired limbs of
higher v?tﬁchrutss. although the skeletal elements
chavaoteristic of higher veriebrates are lacking ia
Polygdon spathula, All the fins are non-lobate,

The median fins will be described first. Thare is
only one dorsal fin, the posterior dersal fin, located
on the mid-dorsal line of the body. | ;

' The tail or caudal fin is #f the heterccercal
type. The lebﬁ of the tail are #f unequal size, tht
dorsal lobe being larger. The skeletal axis of the
tail bends upward and enters the dorsal 19b€e. The
caudal fin helps propel the fish forward and aids it in
sudden changes of direction. |

A camere lucida drawing (28 x) is shown of the
caudsl fin of Pelyoden gpathula (Fig. 3). 1t shows
the cartilsginous and dermal portions of the caudal fin.
The spiny strustures, the fulera, are aoan:ant#ricr to
‘the dorsal lobe of the tail.,

The anal fin lies immediately posterior to the
anal aperture; it is median and projects in a caudal

direction, It ends in a convex fam-shaped structure.

The pectoral fins are paired and ventrally
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located. They are fan-shaped and attached to the ventral
surfuce of the body just pestervier to tho;eperculum¢

The peetoral fine function im contrelling the horizen.
tal position of the body im the water. The pelvic fins
are dbroad and convex shaped at the epd. They ari'at-
tached to the ventral surface of the body, sbout am ineh
anterior to the anal cperturo; They are horiszontslly
attached and point im a ventro-lateral direction. In
function they wovk in conjunction with the pacteral
fins, The anatomical make up is more orf less similar
in all the fins of the spoonbill,

Apestures

The mouth, as in Zlasmobranchs, is located on
the ventral side of the head. It liea immedintely
ventral and posterior to the bill. It is large and
horseshoe shaped (Fig. 4). Io the adult Polyodon
gpathula teeth are lacking entirely. However, in
young specimens small bLony teeth are present.

The anal aperture is large and about an inch
pesterior to the pelvio fins. It {e the outlet of
the produots of the digestive tract. The uringe
genital opening lies immediately posterior to.the
anal apsriurs. Through it the products of the
renal) and genital organs are discharged. Laterally



the eye &8 found just posterior to the smsut. It
is eensérstivciy small, spherical, and degenerate.
1t fully ocoupies the spherical sceket. The eye-

15ds are not movablae,

Earas

The spiracles are located about an inck poste
erior to the eye on the dorso-lateral margin of the
head., They are narrvow slit-like openings,

There .48 a pair of openings leading to each
aatalicatity. These are antsriar té the eye and
.héut an inch apart and obviously assist in the citoue
dation of the water through these cavities.

on the dorsal surface the larger pair of
external nares are located as elevated structures,
dorsal and anterior to the eyen. Bony vray-like

structures ars present dorsally across the hsad region,
whioch feature distinguishes it from the surrounding
pigmented skin area. This ray-like atruoture ie due
to the #1028 contast of the endeskeleton with the

integument,

ihe lateral Line
This will be discussed under integument,
Externally the canal is visible just posterior to the

asostril and extends across the body up into the dorsal



lobe of the tail. 'linitc pores can bde seen lead-
ing direetly imto the lateral line oanal itself.

Zhe Operculua

The operculum is fleshy and forms & puuche
l1ike fold ventrally. The outer surface ol the

eperculum is pigmented with cluster-like spots.

 Forbes and Richardson (1909) say these cluster-like
spote or patohes on the opsroular flap are delieved
to be sensory {¥ig. 5). Under the opercular flap,
margins of gill openings, with numevous corneous
shagrean-like denticles ave seen. The under sur-
face of the operowium is smooth and unpigmented.
Biocod vessels cun be seen from the inner surface of
the operoulum. Merely by pulling the pouch-like
operoulum upwards when the fish is laterally placed,
the gill structures baneath are clearly demonstrated
{(¥ig. 8). The operculum contains no operoular bones
and is sxtended inte a pqintcd process; the branchioe

stegal membrane is continuous with the opercular and .
hae no branchiostegal rays,

Ihe Integument
The skin is devoid of scales. However, a

few degenerate ocaleified structures may occasionally
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be sesn On the dorsal part of the trumk, and g¢audal
regions, but these are dsgenerate foras of rvhembic
scales. Chromatophores (brown pigment cells) are

present on the flank and operculum and are especially
numarous on the dback. They are absent on the belly
region. Ocoasional orangeecolored spots are seen
among the chromstophotes, These may be large
chromatophores and of different coler, Humetous
chromatophores are found on the spathula especially
aortslly. The snout also has sensory pores. Wa
have seotioned a part of the bill and made it transe
parent Uy treatment in 70% aloohol, followed by
immersing in Beeohwood creoscte. A camera iucida
drawing (28x) was made (Fig. 7}. The same procedurs
was followed for sections of integument feamlthe

dorsal eurface, belly surface, and flank of the fish
(Fig. 8, three views).

-4 seation of integument was taken from t&s
trunk region ineluding éhc lateral line canal.
Porsal and especially ventral to the lateral line
are finger-like lobes which lead to the main canal
of the lateral line system (Fig, 9). These lobe-
like projections are sensory in function, being
connected to the lateral line system, They are

distributed aleong the lateral line osnal and can
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be followed to the dorsal surface of the head,
ending in a definite path at the nostril region.
These struotures are less numerous in the caudal
part of the spooenbill, A few of these sensory
structures can be traced forward on the surface
of the bill {ventral and dorsal) inm large spoon-
ville.

Kisresceple Examinstion of Chromstophores®

Celloldin cross sections, 40 microns, of
the integument of the anterior trunk region (ex-
oluding the lateral line canal) wera made, and
- stained by the hsmatoxylin iand eosin mathod, as
outlined by Ouyer {1932). The chromatophores
were of a browaish color and aeranged in two
vrows for the most part, although a few chromatow
phores were geen scatteted between these two rows,
in the epidermis the ohromatophorss, appeared small,
sphevical and light brown. In the dermis the
chromatophores were more or less stellate-shaped,
large and dark brown.

Celloidin oross sections {40 miorons)
from the mid-dersal body wall, including the integu-
ment, auscle, and conneative tissue weree prepared

. A8 above. It was observed that in the epidermis

8 Magnification: 100 diameters
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the ohromatophores wers small and spherical-
shaped, but the coler varied, that is, alternat-
ing from a light to daek brown. The larger

stellate~-shaped ochromatophores were more or less
equally distributed in the dermis, exteading
down adjacent to the musole and connmective
tissue, but not arvanged in any definite row,
Sections of integument (40 micrens)
from the mid-trunk region, ineluding the later.
al-line canal, were also prspared. Numerous
smiall spherical brownish chromatophotes were
ssen in the epidetmis and a few in the dermin,
- The large stellate-shaped chromatophores were
abasent, saxaapt for a few that appeaved around

the lateral line ocanal.
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The unusual features of the sxternal anate

omy of the spoonbill may be demonstrated by a come

surus longirestrus,

The following ten points will

serve to emphasize these differences (Fig. 10);

Eglyodop spathula
{spoondill)

1, Bill ende horse-shoe
shaped and extends beyond
the mouth., Nouth is poste-
erior and ventral to the

bill.

2. Bill considered sense

ory in funection,

S. Emall, rather degenere
ate eyes, spherical amd

ventral to nasal aperture.

4. large posterior project-

ing fleshy operculum

Iylosyrus longirostrus
{needlerish)

1, Narrow bill come
Upper
and lower bills include
ths mouth,

posed of ganoin,

2. B4111 is not sensory

in funetion.

3. Very large, sffioc-
ient spherical eyes,
ventral to the nasal

ape rture,

4. Rounded operculum.



Eglyodon spathula

 (spoonbill)

8. Peotoral fins ventral-

1y located and noa-lobate.

- 8« Hasal apeftures
paired and small {two
pairs).

7. Smooth skin {except
a few degenerate scales
in caudal region).

8. Body compressed laterally

as xn'thu pereh,

9. Heterocercal tail.

10. Absence of true teeth

in adult state.

49

(needlefiah) ”

5. Pectoral fins latere
ally leoeated and nom-
lohate,

6. BFasal apertures
large and single {(one
pair). |

7. BSacoth skin but
rougher than the speone
bill, -

8. Cylinder-shaped body
and elongated as in the

eel,
9. Homeocercal tail,

10. Numerous needlee

iike teeth present.



¢ AXTERNAL APPRARANCE OF THZ YOUNORST SPOORe -
‘BI1LL EVER RECORDRD  (MISsISsIPPI RIVER)

thnap'en {1933) reports to have obtained

seven small ganoid fishes ranging im size from 17
to 20 millimeters collected from the Nississippi River

near Grand Toweta, lllinois. Theso have Ddeen identi.
fied as young of Pglyodon gpathula. I‘thu post-
larvae of Polyoden were reported (o be pale and trans-
lucent and so small that most of them fell through the
meshes of the seine and inte the sand as it was haulcd
from the water, The waterv tcaporatnra wag about
55% ¥. JFour of the specimens were prsserved immedie
ate}y in 80% alcohol and the other three preserved in
formalin. Drawings of the smallest of the latter
(17 mm.) and of a 200 mm. specimen made by Ne. Mohr,
are shnwnvin Figure 11, in order to suggest the strike
ing ehangovin external appearanée of the figh. |

The reader may wonder why it has taken a cene
tury to secure a few small specimens of this conspic-
uous and common fish of the Missiseippi River.
Thompson (1933) explains that this scanty yield seems
to be associAted with the fact that the spawning takes

plage, and the young grow up in the swift and turbid
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portions of the main channel of the Missiseippi,
where biclogical phenomena of all sorts are largely
*gights unseen®, The evidence indicates that the
spoonbill migrates extensively through a wide variety
of large rht.ri; and baztmmv Xakeg habitats all
of which are more or less insccessible to tackle
used for collecting such material, It also seems
l1ikely that the most desirable stages are passed
within a fev days or weeks time,
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It should be mentioned at this time that
from all external appearances the mals and female
spoonbill cannot be distinguished from each other,
Bven in the apauning season one cannot diffaventie
. ate the male from the female. The similarity
between the two sexes during the spawning season

is because of the great abdominal distension in the
male due to the fat that collegts about the testes

&t this time.

Stockard (1907) discusses this point, "¥No
indication of sexmal dimorphism could be detected,
the males and femules being indistinguishable in
their color, eize, and shape, and in the proportion
of their external body appendages. A female with
her ovaries filled with egge of the season was
usually recognized by the distended condition of the
abdomen, and yet even this diatended.eondition of the
abdomen was not alwayas valid since the males when fat
and in good cendition have 20 extensive & mass of adie-
pose tissue about the testes that their abdomen is

almost equalliy swollen. The fat about the testes
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of ons male was found to weigh three and t?!ﬂt—
quarters p#und:.'

¥e should also take into account that a
poorly fed female spoonbill may be mistaken for a
male. The only way to definitely determine the
sex of a spoombill is to study its reproductive
system, and look for the presence of ree in the
mature specimen,

Allen (1911) says he has never seen sexu-
ally mature Polyodon weighing less than fifteen or

twenty ponnds.
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CHAPTER FOUR

GRHERERAL INTEBRHAL ANATONY



The coelem of body ¢avity is large and well
developed even in the lowest of vertebrates. In
the spoonbill as ia other fish the coelom is divided
into two pavrts: the pericardial cavity contaiaing
the heart, and the abdominal or peritoneal cavity
containing the viscera. The pericardial cgiity.
whioh lles just antetior to the pectoral girdle, is
triangular in shape with its apex at the aantervior end,
-~ The shape of the pericardial cavity of the spoombill
differs fiaa that of mammals because of the shape of
the heart, The heart is widest at the base .nd nare
rows slightly at the apex, the éppositc to the mame
malian heart. The heart is covered with the vis-
ceral pericardiuwe, The parietal paricardium which
lines the cavity is a smooth and rather tough memw
- brane,

There are no mesccardia in the adult époon~
bill, The heart is attached te the wall of the
pericardial cavity at the anterior end by the conus
arteriosus and at the posterior end by the sinus
Venosus. At these two poiats only are the visceral

and parietal pericardis continuous.



3 Ihs Acdominal Coeclom

The abdominal cavity is bounded anteriorly
by the transverse septum Jjust posterier to the
pericardial sao. The transverse aseptum scpavates
the abdominsl from the pericardial cavity. The
abdominal eavity extends to a point juet posterior
to the anal aperture,. It is lined throughout hy

a membrane, the parvietal parit9nnnn. which forms
Vtha smooth wall of the cavity, adhering very
GIG?QIJ to the muscles of the bedy wall, It i»
morphologically equivalent to the parietal peri-
‘ocardium. The parietal peritoseum is a tougher
membrane than the parietal pericardium, In studye
ing the relative sizes of the abdominal and peri-
cardial cavitien, we founmd during the dissection
that the pericardial cavity measured approximately
ene-half inch in length wheveas the abdominal
cavity measured six inches in length, giving a

proportion of one to twelve,

C  Ihe Abdemimal Viscers

The viscera will bLe discussed under indfe-

vidual systems. However, the following organs are



exposed when the abdominal cavity is opened. The

57

Jiver is a large brownish gland in the anterior region

of the coelom, It is composed of a long right and
left ‘lobe and & much divided median lobe. Eetween
the margins of the right and median lebes the gall
bladder is located, It is thin walled and almost
‘ qompletezy spherical, I1f the caecum is raised the
stomach is seen, It is shaped like an inverted
letter *J%, The curved portion lies beslow the
liver and the straightened portion along the body
wall., The large fanshaped caecum is divided into
several lobes. It is attached to ths short duo-
danum. Posterior %o the duodenum is the ileum or

valvular intestine, The -ileum narrows into the

short, rather wide rectum. The rectum leads to the

exterior or anal aperture,
The triangular shaped spleen elongates pos-
teriorly ending at the mid portien of the ileum.

It lies betwsen tne curvature of the short duodenuam

and the ileum. Large blood vessels cun to the spleen.

The dorsal aorta also crosses the boay gavity and

enters the mesenteries near the liver,

The -repreductive organs in the specimens

available were immature and therefore small and eone



cealed by the other abdominal viseera.
The kidneys are retro-peritoneal and elon-

gate.

D . Ine Nesenteries

The viscera are held in place by a number of
folds of the pevitoneum, the mesenteries. These
membrages are delicate, The dorssl mesentery does
not attach itself teo the entire digestive tract., It
is attached to the stomach, duodenum and caecum, but
net attached to the oesophagus, ileum, and rectum,

A membDrane connests the splsen and ileum; this is
the lieno~mesenteric ligament, The liver is conneoted
to the loop of the stomach by the gastro-hapatic liga-
ment, and to the oesophagus by the aepato-oesopnageal
digament. At the junction of the stomach and duoge
denum a membrane is attached to the liver, This is
the hepato-ducdenal omentum, The nortion of the
dorsal mesentery supporting the valvular intestine
(ileum) is the mesentery proper, The anterior end

of the liver is attached to the venteal body wall by
the suspensory or falciform ligament, which ir only
one centimeter long. This is a short remnant of a
ventral mesentery extending from the mid-ventral wall

of the coelom to the mid-ventral surface of the liver,
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A RREGIONS OF THE ALINENTARY TRAOT

The ventral month is the region extending from
the lips to the pharyax. It is more oFf lass flc:ky.‘
Enormous of mouth but weak of jaw, th§ paddlefish when
adult Joses sll of its t.eeth tyig. 12}.

It is interenting to note that the ganeid
Hhimedua of the Carboniferous period had more power-
ful testh than any animal ever known, sharper than &nd
four times as large as the largest liviamg croccdile
pot!‘.tt'.g
' Sincs the spoenbill supports itself enticely
by straining minute plants and animsls (plankton)
from the surrounding medium, it is not surprising te
find that the pharynx coatsins an elaborate system of
structures. The pharynx is the ré;iaa surrounied
and supvorted by %he five pairs of bLranchial ardhas.
1t is pierced by tha spiraclaes dorsally, and by the
five nearly semi-circularly pharyngeal slefts later-
ally, The brauchial archas extend forward in an
antaro-madial direotion on both the dorsal and ventral
8ides of the phaurynx. Dorsally the gill archaes fuse
in a xid-dorsal cartilaginmous ba?, part of the 7is-

geral arch. Posterior to the vigceral arch the

%The imerican Zmoyclopedia (1879}, Vel. 7, p. 614



pharynx broadens intc a triangular fleshy mass. On
the ventral side of the pharynx the five pairs of
branchial arches also fuse in a mid-ventral cartilag-
inous tod, the basi-branchial cartilage, part of ths
visceral avch. On each gill avrch there is a doudle
series of fine, comb-like gill-rakers, which are leng,
slender and exceedingly numetous. A morve cunpletc‘
description of the structures eahneetek with the gill
arohes appears bclew'in conneetion with the respiratory
organs and the vieceral skeleton. The fifth viscerval
arch, which is much reduced in size and bears no gill
- filaments, extends down to the begimning of the
vcaaephagus.

The cesophiagus is the first tube-like structure

of the digestive syastem through whieh the food passes.
7o the mid-dorsal surface of the oesophagus the large
cucumber-shaped swim-bladder {s attaghed by the dorsal

mesentery; and posteriorly the swim-bladder is direct-
1y connected to the oesophagus by the pneumatic duct,
Another duct at the anterior part of the swim-bladder
is present but vestigial, or at any vate is not near-
ly so large as the posterior pneumatie duoct. It ean
be said, then, that the swim-bladder of the spoonbill
posseuses two prneumatic ducts: the posterior duct

clearly shown and the anterior duct, which is veetigial,
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Thie species has s particularly large swim-bladder
as compavred with other ganoids. The swim-bladder {s
a hydeostatic orgun. Since tha swim»hl#ddar opens
dirvectly inte the oesophagus, air can be taken in
directly thréugh the mouth, This clagses the spoon-

10 wWhile

©ill with the physostomous group of fishes,.
-~ the swimebladder of fishes (pneumatocyst) is not
ordinarily considered a respirvatory organ, its poseible
relations to the lungs of higher vertebrates makes it

possible to consider it a respiratory as well ac a
‘hydrastatio organ. Dorsally it is attached to the
dersal bedy wall. .

| The American gar-pike of the family lLepidoatidae
has a éubdivided avim-b ladder used in rvesapiration,

*The swim-bladder of the gat-pike is muscular, freely
supplied with blood from the smorti, divided inte c2lls

l1ike the lung of a reptile by musculsar dbundles and

opening into the throat by 2 wide duct {pneumatic)

and long slit guarded oy sphincter muscles.l?

In the spoonbill, the swim-bladder is more
membranocus than muscular and has a comparatively poor
blood supply. This fact indicates that the spoonbill
has very little use of the swimebladder in respiration.

The soft fleshy oesophagus leads to the hard

105a3ter {2929), (p. 371}, includes the bony ganoids,
dipnoi and soft rayed Teleosts in the Physostomi group
<f-Tfishes. Polycdon is & cartilaginous ganoid and
from the above evidence also belongs to the group
Physostomi.

11tne Rncyclopedia Americana (1932) Wol. 12, p. 277



and widemed portion of the digestive traet, the
stomach. The ecardiac portion of the stomach ie
straight and curves to become the fundic portion
of the stomach., The stomach becomes knob-like in
structurs at its pylorie portion just before it
cenatriots to form the pylorie sphincter, fosterior
to the pylorvic sphiscter is the short ducdenum, or

small inteetine (3 inches long), which leads to
the ileum or valvular intestine, which ends in the

short, wide rectum, followed by an opening the anal
aperturs. Figures 13 and 14 show digestive tract,
The spiral valve in Polyedon counsists of

about seven folde or spirals but are not nearly as
well developed as théy are in Zlasmobranchs. Sur-
face absorption is aided by the pyleric caecum in
Polyodon as well as by the valvular intestine. The
priorie caecum will be discussed under the topic
pertaining to glands, |

~ Nodular markings were present on the caecum,
stomaoh, and duocdenum, but absent on the ocesophagus,
tleum; and rectum, When these nodular structures
on the stomach, caascum, and ducdenum were cut open,

seall nematode worms ware removed. These nematodes

showed parasitic infection of parts of the digestive

tract, These nodular atructures were seen on othee



spoonbills and on the same organs; namely, the
oesophagus, caecum, and duwodenum. In one instance,
two tape-worms were lodged in the addominal oavity,
and not in any partiecular organ. These cestode

parasites, Dibethruim hastatum, 2 were three to four
inches long.

Iastcciurd }39@?) quetes Linton for the above class-
ification of the tape-worm.



B IETERBAL STRUCTURE OF TEE DIGESTIVE TRACT

The mucous lining of the oesophagus, +hen
exposed presents numerous large fluffy papiliae
at its anterior portion. Posterior to the papillae
many long, slender folds called rugae are present.
These rugae become larger and fewer at the point
where the cardiac end of the stomach begins. The
muscular walls of the elongated stomash thicken
posteriorly and the ga:tt!c cavity begomes smaller,
The short duodenal portion salso has a thick muscu-
lar wall and a small esvity leading to the ileum,
The ileum or colon has a spiral valve which enlavges
- the surface of the intestine for absorption. Along
the rectum a few folds can be seen that extend in a

longitudinal direction; these are the rectal folds.
The ¢aecum when cut open presents a soft spongy mass;
this is glandular tissuse.

Numerous nematodes were taken from the muscous
layer of the stomach and from the parvrtially digested
food material, In ons specimen forty-three nema-
todes were lodged in the stomach, tea in the duodenum
and five in the caecunm. This large number of nemae
todes shows that the stomach of the spoonbill is the

favorable place for nematode infection,



¢ GLARDS

Caegus

An evelutionary significance cam De observed
in the pyloric caeca of ganoids. Thie is discussed
by Walter (1929). *The ganoids in general show a
transitional condition by the presence of a degenerat-
ing spiral valve, along with the intreduction at the
same time of 'pyloric caeca', which in higher fishes
take the place of an elasmobranchian spiral valve 9;
Y dovicpvfor enlarging the internal surface of the
food tube.” |

Attached to the duodenum ie the large pyloric
caecum, It is divided into several lobe-like
portions ridged at the ends. The number of lobes
varies in different specimens of the same species.

The pylorie caecum is part of the digestive tract

and is used zp an organ of digestion in the spoon-

bill. It ie nct a rudimentary organ as is the appendix
in man., By cutting saway a piece of caecum and sgusesz-
ing the vemainder, one can sse partially digested food
oozing out.

Alexander {1915) says the pyloriec caecum of
the spoonbill has been formed phylogenetically by
several small pyloric caeca becoming confluent at tﬁc
base.
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Liver

The 1iver attaches itself to the ventral and
anterior portion of the oesophagus by means of a
1igament, the hepato-oesopbageal ligament. As stated,
the liver consista of three lobes. The right lobe
ends at the pyloric portion of the ataisch. The left
lobe terminates at the fundic portion of the stomach.
 The large spherical gall bladder, almpst egual in sisze
to the human gall bladder (one and one-half inches in
diameter), is found attached to the ventral surface of
the right lobe of the iiver. It touches the margin of
‘the osudate lobe of the 2iver. Bile sesretion by the
liver is collected by a series of tubules, some of
which empty into the gall gladder. The gall Dladder
is drained by the ductus choledochus or common bile
duct, which leads from the gall bladder to the duodenum.

Fancreas
A 1ight yellowish gland is seen when the caequm

is raised; this is the pancreas. Alexander (1918)
says the duodenum receives the duct of the pancreas, but

the pancreatiec duot leading to the duodenum could not be

traced.

Splssa
The red triangular spleen is net connected by

anv ducts to the digestive system, but is attached to
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the dorsal anterior portion of the ileum by a highly
vascular mesentery, the lieno-mesenteric ligament,
Although not a digestive organ, the position of the
spleen on the ileusm makes it more convenient to include

its description here.
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D RESPIRATORY STRUCTURES

On the pharyngeal walls of the branchial
arches in Polyodon there have deyeloped rows of
€i11: rakers., These gill rakers evidently serve
as strainers to prevent food from passing out with
the respiratory gurrent. The gill rakers in the
spoonbill are especially adapted for separating
the food from the mud. They are largs, brittle,
comb-like in arrangemens, and curve in an oppoaite
direction to the gill filaments. The rakers arise
from the base of the branchial arches and extend
into the phatynx as slender rods in a densely
packed layer close to the branchial gill arch.
They aextesd into the pharynx for a distance of about
one centimeter. Thers are nine sets of gill rakers.
Theve are 46 gill rakers to an inch and a vough
eatimate totals about 598 gill eakers on one surface
of the firat gilil. The gill vakevs on the anterior
surface are larger posteriorly than afe the gill
rakers on the posterior surface of the branchial areh,
but their number is about the same. On the middle

part of the arsh the filaments and rakers are longest.
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¥igure 15 shows the arrangement of gill rakers and
gill filaments. Host of the gill rakers average one
and a half inches in length and are curved at the
base, giving the appearance of a small fisb-hook.

The gill rakers on the more posterior gills become
progresslively reduced in number, The gill rakers

on the seventh visceral arch are more unifors in
size than in any of the other branchial arches.
They measured 0.75 inches on a typical specimen.
The following table shows the length of both sur-
faces of each visceral aroh at the point where the

gill vakers are attached to the respsctive visceral
arch, and the totAl number of gill rakers per

visceral arsgh.

G411 Visceral Inches on anterior = Number of gill rak-

arch and posterior sur- ers on entire gill
face of visgeral arch {46 gill rakers

arch per inch)
3. 3 26.0 1196
] ) 4. 24.6 1132
3 s 20.4 938
4 é ' 18.4 846
5 7 5.0 | | “230

{measurement taken
on one side)

Total 4342
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From the above table we see that there are
4342 £111 rakers on four gilla and the seventh
visceral arch. In the entire respiratory system we
would then have 4342 times 2 or a total of 8684 gill
rakers in the aﬁoonbill. This number should be
considered as only approximate, The very lurge nume
- ber of gill rakers in Polyodon emphasizes their fung-
- tiomal importance to the fish. They are more nume
erous in the spoonbill than in other fishes because
the spoonbill obtains its food by strainimg it from
the water by means of their tremendous number of gill
rakers,

V- The interdbranchial septum is reduced in size
as in other ga&oida. Ths filaments are firmly
attached to the septum except the distal ends, which
project freely about one centimeter, In studying the
£111 structures of lower and higher forms of fishes
we find that the more primitive fishes possess the
best developed interbranchial septa. In Elssmo-
branchs the interbranchial aepta are well developed,
in Ganoids they are reduced, {Pelyodon) and in Teleosts,
which include ninety percent of the fishes, there ate
no interbranchial septa present,

Four sets of demibranchs are present in Polyodon
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one set on each of visceral arches threae to six.

There are no demilhranchs on areh sevem or on the
hyoid arch. Thefe i2 no pseudobranch or false
| §i11l around the spiracle. The seventh visceral
arch is incomplete and extends as a finger-like
projection pesteriorly, Furthevr discussion of
the visceral archés will be dealt with unde§ the

skeletal ayasten,



CHAPTZEZR 381X
TEE CIRCULATORY SYSTZHM
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A IBJECTION OF BLOGD VESGRLS

Red kKass anaetianla
¢e mixed four grams of catn!!p thoroughly
with eight cudic oentimeters of distilled water in

a mortar and added concentrated sodium hydroxide
drop by drop until a transpareant red color resulted.
Ten grams of Knox's gelatine (instead of French
gelative as CGuyer suggests) was soaked in distilled
water until the gelatine was swollen and seoft; then

it was removed to a porselain evaporating-dish and
" melted at & temperature of about 43 degrees C.
¥hile the gelatine was yet fluid we slowly added the

coloring matter, atirtiﬁg constantly until a homo-
geneous mixturs was obtained. Befors ths mass was
allowed to cool a 25 percent acetic acid solution was
added drop by drop, stireing thoroughly uniil the
mass became slizhtly opague and the odor of ammonia
gave place to & faint acid smell. This change must
be carefully watched, for a few drops too much of

the acid will spoil the entirve mass by precipitating
the caésiae. 17 the smucaii is not completely
neutraliszed, on the other hand, the coloring matter
will diffuse through the walls of the injected vessels

a%m, (1932), p. 85.



and stain the surtounding tissues.

Ealkarz‘ makes results more certain by mix-
ing one part of ladboratory water with four parcts of
distilled water, and then determining the exsct
amount of the laboratory acetic acid which will neut.
ralize 1t. Just before using, the mass should be

heated and atrained through clean flannel wrumg out of
hot wmater.
Three spoondills were injected: one was in-

- Jeected ihrough the heart and the red mass was forced
anteriorly through the ventral acfts and afferent

branchial arteries. The second injection was through
the dorsal aorta at a point where it ljies free in the

abdominal cavity. This second injection was forced
anteriorly into the efferent branchials and posteriorly
into the distal portion of the aorta. The third ine
Jeetion was through the caudal artery. The spoonbill
injected through the dorasal aorta took the dest imjeo-
tion, as was observed during the course of dissection.
The injection through thn heart and venteal aortsa also
was successful, Sat the injection through the caudal
artery did not yield satisfactory cresults. The melted
gelatine cools within the dlood vc:gtia foraing a gel
shich showe up very well beciuse it ewells the vessels
to their full extent.

yaiker, as quoted by Guyer (1932) p. 88.
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Blye Eass lnlection

A gelatine waa prepared as above. To the
waf® mass a sufficient guantity of saturated agueous
solution of Berlin blue was added to give the desired
blue celor to the veins. This was injected into the
hepatic portal veim at the point where it enters the

liver.,



B THE HEARYT

The heart of the spoonbill is composed of
four chambers: the sinous venosus, auricle, ven-
triele, and conus arteriosus. The heart does not
undergo the differentiation characteristiec of the
more complex heart of higher animals. The auricle
and sinus venosus are thin-walled. The auricle
receives the non-oxygenated blood from the sinusa
venosus and the ventricle sends it forward through
the conus arteriosus {¥ig. 16). The ventricle is
relatively small in all Hlasmobranchs, dbut in Polyodon
spathula it is quite large and thick-walled. It is
more or less pyramidaleshaped with the base posterior-
ly, two faces directed ventrally, and the other dor-
sally in position. 4 section through the ventricle
shows ite greatly thickened walls. The lining, unlike
that of the auricle, is rougher and irregular. The
tendinous cords, chordee tendinae, present in the ven-
tricle of the spoonbill are muscular at one end and
drawn out into teadons at the other, The ends are ate
tached to the opposite walls and prevent the ventrisle
from spreading beyond its capacity. The base of the
ventriele is joined anteriorly to the conus arteriosus,
& short tube, the wall of which is museular. The thres

rows of semi~lunar valves of the conus have not yet
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been mentioned. The valves of the anterior row are
best developed and eover practically the entire line
ing of this section of the conus. The valves in the
succeeding tiers decrease in size the farther they

are located posteriorly. The coronary arteries are
numerous on the dovsal surface of the ventricle. “The
auricle {(atrium)} in the spoonbill i{s thin-walled and

is dorsal to the ventricle. 1Internally the auricle is

smooth and possesses nc tendinous cords which paes
across the cavity from one wall to the othar as in

the ventricle. Communication between auricle and
ventricle takes place through the aurieular ventric-
.ulur valve, a ter& small pooket-like flap.

The sinug venosus may be dezgribed as a large
delta-ghaped eelléeting sag, the anterior mid-portion
of which leads to the auricle, and the base of whioh
is poaterior in'position. Dorsally the sinus venosus
is fused to the posterior part of the roof of the
pericardial cavity. Connecting the sinus venosus
with the auricle ie the sine-auricular aperture, which
is guarded by three sino-auricular valves (Fig. 16).
These valves are nothing more than folds of en&othelia]
lining of the auricle projecting into the sinus venosus.
They are so arranged as to permit the free passage into

the auricle, but a flow in the opposite direction is

prevented by their closure.



c TER YE1ES

The following vessela enter the sinus veno-
sus: laterally the posterior cardinal veins unite

with the anterior cardinal veins to form the Duots of
Cuvier, which finally enter the sinus venosus. Pos~

teriorly and medially she large hepatic vein enters
the sinus venosus. The hepatic vein is the result
of the fusion of the two hepatic veins in their course
from the liver to the sinus venosus.

Owing to their small size and the fact that
they were not injected, the small beanches of the

systemic veins have not as yst been traced.

The Benal Portal and Hepatjo Portal Systems

| In fiehes, besides the capillaries which units
the out'atd‘ﬂztttibatxi; system of bBlood vessels (arter-
ies) with the imward collectiag system {veins) thers are
two notabie tttaiuar:likc complexes of capillaries or
portal systems withia the kidneys and liver raspectively,
that interrupt the stream of bleod returaing to the
heart. The foramer ;a the reanal portal system, an addi-
tional capillary cemplex involving the kidneys. The
renal portal systes is a device for the return of blood

froxw the caudal region through a oapillary network in



the kidneys. The renal portal system Joins the main
blood stream secondarily.

The extra capillarty network of the digestive
system comprises the Hepatio portal asystem. The He-
patic portal system consists of & syates of veins from
the spleen, stomach, lleum, ducdenum, and esecum which
enter the liver amnd theve break up into capillaries.
Fig. 17 shows plun of circulation im a fish (after
Walter (1929).



b VENTRAL AORTA AKD AFFERRE? BRANCHIAL
ARTERIES

Emerging from the veatriecle ls the conus ar-
teriosus. it is not so conspicucus externally as it
is in Zlaamobranchs; but careful study indicuted that
it is about half an inch in length. %hen we cut open
the wall of the conus arteriosus, we observed nine
semi-lunar valves, three in a tow, one close to the
other (¥ig. 18)j. These valves appear ae large cres-
sent-shaped pockets, wvhioch are mussular st the dase
aaa meBdranous: at the apex. The conus arteriosus
aatrows slightly at its anterior end and becomes the
ventral aorta. The ventral aovta lies in a deep
groove, the groove baing formed in an anterior projec-
tion of the pectoral 'girdle. The ventral aorta
passes forward several inches unbranched until it
reaches the anterior end of the groove. When the
ventral zotta wus first exposed only a single pair of
affetent branochiuls at the extreme anterior end gould
be seen. This pair of afferent branchial arteries
suppliies blood to the first paie of gills which are
located on the third visceral arveh (Fig. 19). The
second pair of afferent branchial arteries loops off



the ventral aorta dorsal and postefior to the first
paic and can be seen only by dissecting dorsal to

the ventral aotta. This paiv supplies blood to the
second pair of_cills on the fourth viscaral arch.

¥From the dorsal surface and posterior to the second
pair of afferent branchial arteries a pair of arter-
jes are given off, one to the left and ons to the
right, Thnga arteries bdifurcate on both sides to
become the third and fourth afferent branchisls.

The third paiv ies more antevior; the fourth pair rise
doraally and then pierce the cartilage of the sixth
visceral arch posteriorly. These arteries supply
blood to the third and fourth pairs of gills respective-
ly, which are on the fifth and sixth visceral arches.
The afferent branchial arteries pass along & canal in
the visceral avrsch just internal to the gill filaments.
We shall name these canals the sffereat branchial
canals.

From each of the afferent branchial arteries,
minute arterioles are given off tq supply the gill filae
ments,. These arterioles are too fine to be traced by
gross dissection. However, during the course of dissec-
tion, small openings were seen on the afferent branchial
arteries, these openings being the poimts at whick the
delicate arteriole structures were hraktn:ﬁ The afferent

branchial arteries carry blood %0 the gill region to be



oxygenated., The afferent branchial arteries are of
uniform size around each gill arsh and become smaller
a3 they reach the region of the pharynx, terminating in
the dorsal part of the branchial region.

The capillaries to the gill filaments are con-
necting links between the arteriocles of the afferents
with the efferent arterioles leaving the gills. The
fine structure of the capillary network prevents the
tracing of a single capillary by dimssection. The wall
of sach eapillary is made up of a single layer of
endothelial cells, forming the effective membrane
through which the exchange of gases is mads.



EFVERENT BRANCHIAL ARTERIBS AKD DORBAL
AQGRTA

The dorsal aorta is formed by the union of four
pairs of efferent branchial arteries (Fig. 20). They
are not 80 uniform in size as are the afferent arteries.
The first pair of efferent branchial arteries is a bifur-
cation of the dorsal aorta, They are the smallest of
the efferent branchial arteries. The first efferent col-
lecter gives off a branch, the hyoidean efferent artery.
This artery is usually called the common or posterior
carotid artery.2%* It goes to supply blood to the head
and spiracle region. The other branch to either side,
which is a continuation of the first efferent branchial
artery, supplies the first vpair of gill arches. The
gsecond pair joine the dorsal aorta immediately posterior
to the first pair and supplies the second pair of gill
arches, The third pait is gquite large, looping off the
dorsal aorta and curving back in a V-shaped manner to
supply the third pair of gill arches. The Tourth pair
of efferent branchial arteries alse loop off the dorsal

aorta and are quite large. The fourth pair of efferent
branchial arteries bifurcate to either side to form the
8émsll pre-trematic branch that supplies the fourth gill

arch and goes to the third gill slit, and a larger post-

15Daniels (1928), p. 161,



'trematic braneh that supplies the fourth gill areh
is{ goee to the fourth zil: slit.

The dorsal aovta ls composed of a short anter-
jor paired part and a lemg posterior unpaired portion.
The paired portion gives rise to tha hyoidean arters
ies; the unpaired part receives the second, thivd,

and fourth pairs of efferent branchial arteries. The
unpaired dorsal asrta then passes backwards, wheteiit

becomas extrexely large. It is enclosed in a eavity
dérsal te the wall of the pharvyax and enclosed by a
thick membrans, a portion of the parietal peritoneun.
The unpairved dorsal aorta then passes backward, and in
its course through the body gives off arteties to the
digestive tract and its appendages, to the sxtremities,
aad to the body musculature and deepsr strfucturves.

After leaving the canal in the gill region, the
dorsal aorta enters the abdominal coelom dorsal to the
liver and ventral to the oesophagus. It passes backward
through the abdomen unbranched and unsupported by mesen-
teries for a distance of saveral inches; it finally ennn;

te the region of the median loke of the liver where it
lies adjacent to the portal vein. The dorsal aorta now
gives off a short, broad artery, the gastre-hepatic
aftery. The arterial supply to the digestive traet is
vely ocomplicated at thie point. The short gastro-hepat-
ic vessel turns to the Jeft and divides into a larvge




hepatic artery which goes to the dorsal surface of
the liver, and a large gasteric branch which supplies

the anterior and posteriocr dersal surface of the

stomach, The hepatic artery divides into smaller
hepatiocs and finally inte capillaries within the
liver. The gastric artery divides inte smaller

gastrie branches ;ﬁ& finally into capillaries on the
wall of the stomach. At the point where the gastro-
hepatic leaves the dorsal sorta, but to the right,

the dorsal aorta gives off two arteries; one to the

ventral surface of the cesophagus, the ocescphageal
artery, 4nd the other the gastro-duodesal aftery,

which bifuractes to form & guatrie brunch to the

ventral cardiae portiom of the stomach, and a bPtanch
to the duocdesum, the duodenal artery. {The large

pylorie ecascum ie very vasgular,. This structure
indicates that the casous is functionsl durimg 1ife.)
Underneath the sascum (dorsal surface) a dlood sinus

is present. From this vascular strauoture on the

dorsal surface of the caecum a short wide caecal

artery is given off to the caecunm. The oaecal artery
divides into about five moderately large caecal branches
also supplying blood to the caescum. The dorsal aortia
continucf posteriorly over the spleen enclosed in a

thick fidrous sheath. This portion of the sorta is the
spienic artery. it passes over the spleen and gives



off splenic brenches too small to be dissested. How-
sve?, by ralesing the artery at this point, it will break
off from the spleen, to which smalier branches pass.
Continuing posteriorly, the dovrsal aovrta passes ovet the
mid-dorsal surface of the valvular intestine or ileum to
become the posterior dorsal intestinal artery. Smaller
- arteries torﬁinatc at the rectum; these are rectsl arter-
ies. ?iaa the dorsal surface of the ileum the posterior
intestinal artery gives off about nine small artervies to
the kidneys or mesonephroi; lhese ate the renal arteries.
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INTRODUCTIOR

¥alter {1929) divides the ganoids into two
clasaes on the basie of skeletal development. The
first and more primitive olass comprises the cartil-
aginous ganoids, which include ths paddlefish, Polyodon
of the United States; Psephurue of China; the sturgeoms,
Aclipenser and Scaphiechynchus; and the gar-pike Lspides--
teus, These are galled cartilaginous ganoids becauss
their skeletons are partly cartilage and %nrtly bone,
and shov & transition between HLlasmcbranchs and bony
{ishea. th'cthot surviving c¢lass includes the bony
ganoids, sv called becauss the oartilaginous components
of the skeleton hauve been quite completely repl.ced by
bone. The bony ganoids include the Polypterus, Callimo-
ichthys of Africa, and the bowfin, Amia, found in rivers
and lakes of the United GStates.

The endoskzleton ie briefly described by King-
slay (1925}. *"The endoskeleton is outlined in eattilagi,
but membrane Lones may be added to the primitive frame-
work, espeoislly in the heads of the higher groups. In
Cyclostomes and Zlasmobranchs, it aever passes beyond the
cartilage stage, but in all other groups =ePe o0 less of
the oartilage is converted into bone, the amount of this
increasing, the higher the animal in the socale. To the

cartilage bone thue formed, membrane bones are added,



these being more mumerous in the skull, there being
none in the vertebral column or ribs snd few in the
appendicular skeleton.,”

Sinoe Folyodon is a oartilaginous ganoid, and
the ganoid fishes are the next higher group of fishes
over the Rlasmobranchs, we should expeet to find only
& few membrane bones and many cavtilaginous parts in

the skeleton of Folyodon.
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A AXIAL SKRLRTOR

The axisl skeleton includes the framework of
head, trunk and tail (notochord in Polyeden and lower

vertabrates).

Ihs Cranjunm
The skull of Polyodon gpathula is composed of &
relatively thin-walled cranium or brain case, 2 series

of cartilaginous visceral arches and capsules for the
c>gans of special sense. Figure 21 showa left side
view of the skull, jaws, and pectoral girdle and inner
view of the right jaw in Polyodon. The eranium iz dor-

so-ventrally depressed with the long cartilaginous rvos-
sttum protruding anteriorly intec the spathula. At the

most posterc-lateral portion of the rostrum are found the
olfactory capsules for the rasal apparatus. The sartil-
ages of the c¢apsules are exc#edingly thin-walled and open
~ to the exterior by way of the nasal apertures. The

nasal capsules fuse with the cranium, In the nassl fossea
are found the lamellae. Thess are fifteen lamellae in
each nasal fossa, arranged in a radial fasion, starting
from a point on the dorso-medial wall of the fossa. ¥ig.
22 siows the arrangement of lamellae in ths fossa. These

folds or lamellae ave called Schneiderian folds in Acanthias



according to Daniels (1928). The folds produce
accessory folds in which are found the 0lfactdry sense
cells, The oﬁéie capeule doss not fuse with the
crtanium. On each side at the posterior third of the
eranium is the auditory aparture or spiracle in whiech
the organs of hearing ave located. Between the aude

" itory and nasal capsules is the comparatively emall
ellipitical-shaped optic fossa for the eye. Overhang-
ing the fossa is the supra-orbital crest, the anterior
projection of whieh is the pre-orhital and the posterior
one the post-oPbdital process. The ventral pertion of

' the orbit bends dowmward forming the basal angle of the

- orbit., anterior to the basal angle and extending from
the margian of the cranium is a projection which is the an-
orbital process, which Allis (1923) oalls the ectethmoi-

dal process in the écgfiuh.le

The wall of the ordit is
composed n@inly of thin cartilage, a2xecept the portion
medial to the orbital process, which is composed of &
thick-walled cartilage.

Figure 24 shows a dorsal view of the skull of
Polyodon spathulg, Hote that the entire dorsal surface
is dermal in eanpe:ition, excapt for & smzll part, the
chondocranium, located between the anterior fontonelle

and the fossa. The spathula measured approximately 16

om., in length, whereas the region from the anterior

16,1115 as queitd by Daniels {1928), p. 42.



portion of the olfactory fossa to the pesterior emd

of the pterotic measured 8.5 om. This estimate shows
the #raparzienﬁtn length of the snout with the remaine
der afvghe skull, The dermal ensiél:a are numerous
on the snout., The cartilagincus rostrum is widest
posteriorly and narrows antevierly within and in the
center of the spathula. The olfactory eapsules are
Iatero-ventrally located, just anterior to the orbits,
but mey be partially seen in dorsal view, The portion
of bone Letween the optic fossae is the frontal. The
region posterior to the optiec fossas, to the point
where it fuses with the pterotie, is the parietal bone.

Sutures ave lacking in Polyodon hence a shavp distine-
tion between the different bones iz diffionlt <o make,

The hyomandibular can be partially eeen in dorsal view
attached ée the mid-ventral portion of the eranium,
The widest part of the cranium, the parietal, measured
4.4 om.; the widest portion of the snout measured 4.2
cm. Attached to the posterior part of the pterotic
is the post-temporal bone, whieh is long and thin and
inclines at an angle in a postero~lateral position.

The post-temporal ig attaghed to the pectoral girdle

at ite posterjor end and is sometimes considered a

part of the glrvdle.



Mandibuler and Hyeid Arches:

The visceral skeleton is composed of a series
of cartilaginous arches which surround the pharynx.

The arches may be divided into two groups: the mandi-
bular and hyoid avches, and the five pairs of brandhial
arghes, which support the 8;13 filaments. The mandi-
Bular or firat arch, upon which the teeth are borae in
the young spoonbill, has become most highly specialized
of all the visceral arches,.

The components of ghe upper and lower jaw of the
spoontill make Polyodon an interesting species for ans-
tomical study from the cvelatieastrvltanﬁpeint‘ In the
‘dogfish the lower jaw consists of a single piece of
cartilage aﬁsckel's and the upper Jaw also of a single
piece of cartilage pterygo-quadrate. . This is reduced
in Polyodon and modified vetween two portions of dermal
bone; externally keckel's cartilage is covered by the
dentary, and internally by the splenial bone. ¥eckel's
cattilage is best developed posteriorly. The pterygo-
gquadrate cartilage of the upper jaw is modified in a
gimilar manner by being partially covered externally by
the maxillary, and internally by the palatine bons.

The mandibular argh is attached to the crvanium '
through the hyomandibular., This is known as the h&éié?-
1ie type of attachment, The hyomandibular is broad and



flat anteriorly and curves to become less broad and
flat posteriorly. Anteriorly the hyomandibular is
attached to the mideventral third of the oranium and
posteriorly it connecta to the symplectic cartilage,
The symplectic is a boot-shaped piece of cartilage

to which many parts of the skull hinge. It is
interesting to mention that the symplecties are found
only in Teleosts and two ganoids, Acdipenser and Spatu-
lavia. The gymplactiocs appesar distal to the hyoids,
as a part of the hyoid arch.

Fig., 23 shows the sattachments to the symplectie
cartilage. The posteroe-ventral surface of the hyomandi-
bular hinges to the dorsal surface of the symplectic,
the stylohyal to the posterior surface, and the maxillary
and keckel's cartilage to the antero~ventral surface of
the eymplectic cartilage reapectively. The cerato-hyal
ends posteriorly inm a knobe-shaped structure which is the
stylohyal cartilage, and medially as the hypohyal carti-
dage. In polyodon spathula the stylohyal appears as a
partial fusion to the ceratohyaz.jv The sub-opercular
is attached to the postero-lateral surface of the stylo-
hyal. Antero-dorsally the symplectic is bound by liga-
‘menta. the gquadro-symplectic tendone, to the pterygo-

quadrate cartilage.

— - -

171nis structure is not named by Traquair in Figure 21
and appears as a separate structure.
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Ossification centers are found in the spoon-
bill; as for example in the hyomandidular and cerato=-
hyal cartilages. This is significant {un that it

shows the transitional etage Polyoden holds betwean
the Elasmobranchs and the Teleosts. an additional
point of intersst in this direction is that the dorsal
portion of the akull of Polyodon is almost antiraly
covered with thin plites of devrmal bone detrived from

ganoid scales.

The branchial archea consist of a numbar of
'scgnoats. The ficet branchial arch =iy be tiken as
a type. 1t has five segmentes. The firat pair of
branchial arehes arise from the postarior povtion of
the buceal cavity just medial and posterior to the
hyomandibular, and ends on the ventral visceral arch as
the basi-branchial sartilage. The seacond, third, and
fourth branchial arches are similar {in structure to

the first brunchial areh. & typieal draanchial arch
(Fig. 25) shows two large cartilaginous segments 2one

atituting the greater portion of the arch, the dorsal
seguent; the epibranchial, and the ventral segment,
the carata-heaa§h§31. These two segments attach
1atcrtlly‘h§'ui§€a‘$t connective tissue. Hedially



and attached to the epibranehial eartilage is the
amall pharyngo-branchial cartilage. Medially and
ventrally attached to the earatabwaas#in!. is the
emall hypobranchial cartilage. KNedial to the hypo-
branchial is the basibranchial eartilage.

In Polyodon the gill rakers are chitinous.
Their number and structure have been discussed under
digestive and respiratory systems,

Fig. 26 shows the upper side of the ventral
visoeral archesg in a typical 90 em. specimen.

There are three basibrfanchial cartilages,
The first basidbranchial fuses with the basihyal and
measursd 2.5 em., the second 1.8 em,, the third 1.8
ew. in length. A pair of basihyal gartilages fuse
anteriovly to the mid-ventiral portion of the first
basibranchial cartilage. iateral te the bLasihyals,
the hypohyal cartilages avre attached to either side.
To the first basibranchial are attsched the first
three paire of hyiobranchial cartilages. The fourth
. pair of hypobranchials fuse and attach ventral to the
second baeibranchial. The first four pairs of cerato-
branchials are attached to the respective pairs of
hypobranchisls. The fifth ceratobranchiel is attach-
ed to the third basibranchial cartilage, The fifth
rudimsngagy'brtuﬁﬁiaz arch is fused t; the fourth

L1y
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branchial argh posteriorly and beafs only gill rakers.
All the branchial arches are approximately the same
length. | |

| Since the skull of Polyodon is composed of two
distinct parts, the cartilaginous ehondrocranium and
the overlying dermal plates, we shall list these struo-
tures aeparatcly. The following table shows th§ der-

18
mal and cartilaginous portions of the skull.

Parts of 11 Cartilaginous Parts of sSkull

1. DPterctia l. EKostrum

2. Post-temporal 2. Chondrocranium

3. Parietal 3. Pterygoquadrate {palatow
quadrate)

4. Frontal 4. !eckcl’:.cartiisgi

5. Parvacphenoid 5. Hyoid areh

a. Hyomandibular
b. Sympleotic
¢. Ceratohyal

d. Hypohyal
e. Stylohyal
6. xaxillapy 6. Branghial arches

a. Pharyngo-branchial:
b. Epidbranchial

¢c. Ceratobranchial

d. Hypobranchial

e. Basibranchial

7. Palatine 7. Capsules of organs of
afeeial sense
a. Olfactory capsule
b. Optic capsule
¢s Otic capsule

8. Dentary

zs}n this use of the word skull the author follows Kings-
ley (1926) who inecludes the cranium, capsules of organs
of special sense, and the visceval skeleton under this
tarn.



Lermal Parts of ckull Cartilaginous Parts of Gkull
9. 3Splenisl |

10, OCsesicles of ancut

Foramina, through which netves and blood vessels
pase perforate the etanius. On making s sagittal sec-
tion through the head and spathula we found that the
rostrum contains fat-like matecial, The brain is ssall
and primitive nad surrounded by thiek masses of cartilage
and dermal bone., The bone is extermal to the cartilage

encasing the brain.

Yertebral Column

The vertebeal column in Polyodon spathula, de-
cause of its simplicity, is especially intereating.
1t consiste of a long central column which is sesentially
the esnlarged sheath of the notochord, or motochordal
sheath, and the jelly-like subatange, . the noiochard,
within the shesth. anteriorly the central column is
continuous with the occipital ragion of the cranium,
at whioh point the column becomes larger and {irmer
whereas posterierly it is observed to:cxtond to
the aorsal lobe of the ocaudal fin. &acerding'to
"Forbes and Richardson {1909) the vertsbrae are imper-

feotly formed any the anteriocr vartebrae are single.
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Ky investigutious confirm tiheir ctatement, above the
central eolumn there is & series of neural arvches, best
d;valbpad is the trunk region, less developed in ihe
caudal region. There are both neural and haemel arches
in the caudal region. The niural arches protect the
spinal cord, the haemal avches protect the caudal blood
vessels. In the trunk region the dorsal skeletogenous
septum is best developed and firmly attached to the
vertebral column., A lateral view of the vertebral
column in the mid-trunk region is shown in Fig. 27.

The soft notochord ie very primitive, and only partially
‘ surroundcﬁ by moenirous vertebrae consieting of separate
arcuslia, ZHote that the dorsal and ventral surfaces of
the notochord are covered by cartilaginous aroualis,
wviereas the lateral surfaces are exposed. On the dorsal
surface are the large basidorsals, united from either
side to fora a neural arch continued by & neural spine.
between tha bases of the busidorsals are the small tei.
angulatr interdorsals. The ventro-lateral regione of the
notochord are covered on each side by the basiventrals
from which & vestigial ridb projecta. The basiventrals
do not meet below the notochord. Between the Lasiven-
teals are the szmall interventrals. In thes caudel
region the neursl arches are least developed and the
haemal arches are most marked, as in the vegion of the
fulora. The haemal arches protect the caudal artery and
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vein; hence we can agcount fof the greatest develop- ‘
ment of the haemal arches in this reglon. The gen-
tral column is best developed in the trunk region.
vorsal to the central column and to either side arve
the neural plates that fuse dorsally and make up the
neural spines. These cartileginous plates are more
or less rectangular in shape at the anterior and
trunk regions of the column, and triangular in shape
in the caudal region of the column. The neural
}ﬂatea Sare‘ their &se on the notochordal sheath. - The

neural spines are large and projedt in a dorgo-poster-

ior dirveagtion, The neural enines, neural atches,
and central column are covered by the axial membrane
from the head to the tip of the tail region. Fifty-
eight neural arches ara present on the notochordal
sheatl. The neural plates are perforated vy the roots
of the spinal nerve. This is more olearly shown in
the anterior and trunk regions, The ventral foramina
are not clearly shown in dissection, however Kingsley
{1928} states that they appear during vertebral devel.
opment of Tolyodon.

#ith refarence to Chondrosteil in general, ny
investigations show that the notochord in living forms
is gquite unconstricted, and surrounded by a very thick

gheath outside wiich 2ra no true centra. Only pleursl
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ribes ocour in liviag Chondrostel, but they are unkamown
in extinect fsuilies; Dersal ribs are absent. in
Zolyodon gpathula the ribs are of the pleural type, but
vestigial,

B APPENLICULAR SLELITOW

The appendicular skelaton is the framework for
the girdles and fins, the latter beinz attached to the
. girdles.

'Skeleton of the Fsjred Finms
Fig. 28 shovs a lateral view of the jectoral

giredle. The pectoral girdle of the gpoonbill is com-
plicated by the addition of membrane bones %o the

cartilage bones. Such membrane bones are howsclogous
with the dermsl plates of the exoskeleton. The dermal
petﬁiaaa of Pelyodon consist of the elaviecle, cleithrum,
and postclaviole whereas the cartilaginous portions
consiat of the coracoid and scapular regions. The
branchiul avtery and nerve pass through the scapular
foramen to supply the fin. The poat-temporal bone ase
previously stated may be included as a dermal porti#u
of the pectoral givdle, serving as & bone attachment
betwaen tha givdle and the skull. The homologies of
the pectoaral girdle of Polyodon and other Chondrostel

have been discuesed by Homer {(1924).
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Fig. 29 shows the medial view of part of the
pectoral girdle with pectoral fin attachmeat., The
pectoral fin is fam-shaped, the proximal portion of
which conegiets of four basal pieces of eartilage.

The first two pieces {(anterior) of basal eartilages
fuse as® they touch the surface of the girdle. This
portion of cartilage is called the propterygium., The
third single piece posterior to the propterygium is
the mesopterygium. The fourth single and szallest
piece of cartilage is posterior to the mesopterygium

and is called the metopterygius. Several radials are
found between the ptepterykian and mesopterygium and
- fuse with thes. The dermal portion of the pectoral

fin shows radial arrangement (dermotrichia) but not

a0 sarked as in the post-dorseal, caudal or anal fins.

Belvie Girdlg and Fip

‘ The framework of ths pelvic givdle and fin con-
- sists of & thin segmented cartilaginous plate, (8
p:icet). the busipterygium, and 11 cartilaginous radiuls
which are ventral to the basipterygium. These radials
are unsegmanted and extend in a posterg-ventral direction,

The dermal portion of the pelvie fins is similur in etruc-
turs and arrangement to the pectoral fina.
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Skeleton of the Unpaived Fins: IThe Posterior

The cartilaginous radials of the dersal fin
ars thin and not well marked. They ate unsegwmented.
The dermal portion consiste of radials that extend
in a postero-dorsal directiom. Richardson {1909)

says there are fifty to sixty-five dorral rays

- present. ¥y estimation showed forty to fifty dore

gal rays present in three specimens.

Caudal ¥in

The cartilaginous radials of the caudal fin
are prolongations of the haemal spines of the haemal
arches. The radials extend in # postaerior direction
and gontinue backward as the dermal fin rays, whieh

extend in a posterior direction.

Anal Fig

The cartilaginous radials in the anal {in are
more marked than in any of the other fins. They are
largest anteviorly and become smaller posteriorly.
There are two rows of radials, the distal row, as in
the’palvic girdle, are the betiter developed. There
are eighteen distal radials in the anal fin. Thas

dermal portioan consists of dermotrichia. The dermo-
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trichis extend in a postero-ventral direction.
According to Forbes and Richardson (1909), about
sixty anal Tays are present, This number is

approximately correct,

Ine Fulcrs
Just anterior to the dorsal lobe of the

oaudal fin are lavge spines {modified scales) called
fuleta. They consist of the Bardest material that

can be found in the spoondill. The fulerta are cone
sidered 4 part of the exozkeleton since they arise

as direct ossifications in the corium, no cartilage
appeuring in their development. ({(Kingsley 1925).



ORIGINAL CORBRTRIBUTIOS
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Summaty of Original Comtributions

In dissecting the integument, branched canals
passing out from the lateral line canal wece observed
{Fig. 9). BRistological sections of integument showed

variations in pigmentation due to the differvences in
size, shape, and amount of ckromatophors present.

The large swim bladder was found to be perman.
ently connected with the ocesophagus by & paneumatic
duct, thus placing the spoondill in the FPhysostomous
group of fishes. Feom its poot Blocod supply the
swin bladder is not considered to have much respica-
toty fuaction in Pelyeodon.

¥From the pressence of partly digested food inmn
the pyloric caecum and ite rich blood supply, it is
believed thut this organ takes an active part in diges-
tion in the spoonbill. The liver was found to have &
© very large spherical gall bladder one and one-half
inches in diameter,

There were found to be nine sets of gill rakers
on each side of the pharynx. Zach set sxcept the most

posterior one contained about 500 iaéitzausIArakefu.
and the sntire respiratory aystem was found to contain
approximately 8684 gill cakers. The spiracle was de-
void of a pseudobranch or false gill,

Three rows of semilunar valves wers feund.in
the oonus arteriosus of which the Bmovre pOStz;iar are
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best developsd. The sino-auricular opening was
found to be guarded by & set of three valves. The
walle of the ventricle were found to have vidges,
the corda tendinse. The ventral aorta gives rise to
three pairs of afferent arteries, the third pair again
bifureating to produce a total of four pairs of arter-
ies which supply blood to gill arches one to four
respectively. The dorsal aorta is formed by the
union of four paics of effervent branchial arteries.

The remarkable condition of the dorsal aorta which
lies free in the addominal coelom, unsupported by

mesenteries, for a distance of several inches, is an
unusual Teature.

The attuchmant of the upper jaw to the eranium
is of the hyostylic type, that is by means of the
hyeid avch.

There is a symplectic cartilage on the mandi-
bular arch, a csétiiusa which has been reported in
only two genera of éaaoid:. Ossification centers
were found in the hygaaadiﬁular and ceratohyal carti-
lages., Heckel's curtilage is surrounded externally
by the dentary bone, and internally by the splenial
bene. The ptaryge-quadrate cartilage of the upper
daw is likewine sufrounded by bome, extermally Ly the
maxillary and intecrnally by the palatine bone. The
abave points indicate the transitional stage Polyodon
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Rolds betwesa Zlasacbrtanchs and Teleosts.
The dorsal surface and the ventral surface
of the skull is covered with dermal plates of bone

except for a small part where the chondroceranium is
exposed (Fig. 24).

| It was found that the basihyal and first
basibranchial fuse, and that the fourth hypobranchials
fuse together ventral to the second and third dasi-
branchials. |

The caurtilaginous oranchial arches are seg-
mented, Dersally the arch consists of a large epi-
branchial and a smal)l pharyngo-branechial cartilage;
veatetally of a long ceratobranchial and two amall
eaetilaggs; the hypobranchial and medially the basl-
branchial cartilage.

The vertebral column is primitive, acentrous,
and consisting of separate arcualis surrounding the
notochord. fhe notochord is mot constricted by
centra. Vestigial ribs project from the basiventrals.
&msll interdorsals are found between the bases of the
large basidorsals and small intetventrals ate present
between the busiventrals.

The peatoral givdle consists of mesbrane bones

and oartilage bones, showing a further evolutionary



110

significance in Polyodon as & linking genus beatwesn
Elasmobranchs and Teleovsta. The membrane bones ate
the post-temporal, post-clavicle, clavicle and cleith-
rum; the cartilagencus portions of the girdle consist
of the fused scapula and goracoid cartilages.
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Figure 1. Dorsal view of Polyodon

gpathula showing large paddle-shaped

snout

Figure 2. Lateral view showing color

variation from dorsal surface of body



Figure 1. Dorsal view of Polyodon

gpathula showing large paddle-shaped

snout

Figure 2. Llateral view showing colox

variation from dorsal surface of body
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FYigure 4. BHote large, ventral, horse-

shoe shaped mouth



Figure 5. GShows cluster-like patches coa-

taining sensory pits on the operculum

3‘1{;11!'9 6. Hote fleshy opgrcu]m and Q‘i]l

structures beneath
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Figure 9. Note that sensory pores lead

directly into lateral line canal

Figure 10, HNote the many different external

features of two ganoids, the spconbill and the

needlefish
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Figure 11. Postlarva end young of Polyodon
gpathula from Thompson (1933).

lote large head, absence of complete fin
formation and proportion of depth to length
of body im 17 mm specimen; also the forma-
tiom of the smout, complets fim formatiom,
lateral line ocanal, =nd elongation of the
bead and body im general in the 200 mm
specimen. '



Figure 12. large fleshy mouth and absence of

teeth
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Figure 13. Digestive system of Polyodon
gpathula. Note large pyloric caecum con-

fluent at the base .
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Figure 14, Digestive system with caecum

removed
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Structore ofF the Finet Gull

Figure 15. HNote tremendous number of gill rakers and

filaments
«G.A. Cartilaginous gill arch Branchial artery
« B .C. Branchial canal
S P

» Gill rakers
R, large posterior rakers
L.G.F. Large fill filaments (posteriorly)

Figure 16. Helationship of sinus venosus to heart.
8.V. dorgal %o heart in normal position

T.5.V. Three sino-auricular valves 8§S.V. sinus venosus
R.P.C.V.Right post-cardinal vein L,C. Duet of Cuviar

R.H.V. Right hepatic vein L.H.V. Left hepatic vein
L.P.V. Left post-cardinal vein H.P.V. Hepatic vein (large)

S.A. Gino suricular aperture A. Auricle
V. Ventricle
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Figure 17. Plan of circulation in s fish

(after ¥alter)
!.G‘ll' Lo Intestine !o:o m tissues
L. Liver H. Heart

T o

Figure 18. Conus exposed to show arrangement of
semi-lunar valves
Y.A. Ventral aorta C.A. Conus arteriosus
Sekie¥. Semi-lunar valve ¥. Ventricle
+8. Hembraneous part of semi-lunar valve
E.8. Kuscular part of 8.L.V. at base
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Figure 21 /‘

_Polyedon foli lac. (After Traguair.) A. Lefteside
view of skull, jaws, and pectoral girdle; . inner view of
right jaws., g, Coracoid; gh, ceratohyal; e¢l, clavicle;:

it, cleithrum; 4, dentary; he, postclavicle; hm, hyomandie
bular; lm, levator muscle; m, Meckel's cartilage; mx, maxe-
illa; n, olfactory capsule; 9, optic capsule; g%; oper=

P

cular; pa, palatine; pst, post-temporal; pt, rotic;

80, subopercular; gpl, eplenial; gy, symplectie,

(From Goodrich, Vert.
Craniata, 1909)
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Figure 22. Arrvangement of lamellae in nasal fossa.

L. lLamellae has olfactory sense cells
P.C. Pigmented sensory cells

T st it il T I L i — b - ——

. ¥igure 23. Part of skull showing relationship and
attachments tc the symplectic cartilage. HNat. size
of small specimen (60 om.)

£. cératdhyal D. dentary E. hypohyal

Hy. Byomundibular E. Heckel's cartilage kA. Maxillary
Pt.3. pterygo-quadrate {ST. quadro-symplectic tendons
8t. stylohyal By. symplectic
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Figure 24. Dorsal view of the skull of Folyodon spathuls

L, chondrocranium _ f, optic fossa
fontonelle _ parietal

g: fosea pterotic
frontal snout

E, hyomandibular ossicle

0C, olfactory capsule R, rostrum



¥Figure 24.




o

m w i m W arch ifﬂ u.
1_ m M un}




Figure 28. Upper side of the ventral viscersl arches in a
o  typical 90 em. specimen

mumz Tused to first Mhmc&ial
ofi}, Bypohyal joins basihyal
i, f£iret Rypodbranchial
. BOPRtOhyal
£bl. ceratobranchial
Kf4, fused hypobranchial 4th
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Figuro 26,
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Figure 27. Lateral view of vertebral column from mid-
trunk region (2X)

o Axial membrane iv, Interventral
Basidorsal H, Hotochord
B8Y, Basiventreal 8, Neural spine
7d, Interdorsal Sotochordal sheath

YR, vestigial v
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Figuve 28. Fectoral girdle of a 60 em. specimen nat. size.

£l. clavicle £lt, cleithrum ?9_. soracoid
« muscular foramen PC1. post-clavicle
Est. post-temporal §. scapula 8f. scapula foramen

Median View oF Pectovnl Givrdle Aand FIn.
4 ==

Figure 29, kedian view of pectoral girdle and fin

E.C. median cartilage V.E.A. veantral muscle attachment
E. propterygium R.A. radials (2)

' germal fin rays ¥.5. mesopterygium
E.I. metopterygium E.F. branchial foramen

L.C. coracoid cartilage
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