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IHfRODUCTIOK

1

Hi jHaklng the study of the proventrlculus and duodenum of the

isoumlng dove^ red«*he&dod woodpecker^ and imeadovlark,! tlxe ap*

IMPCMioh was a ocniE^ratitre aleroeoopio study in an attea^t to cor*

relate data obtained with the feeding habits* fhese three epeolee

Here ohoeen because of their eoeiparative similarity in siase and

because of the known diversity of the feeding habits*

the literature pertaining to the hletology of the digestive

tract of birds le widely scattered and much is contributed by

foreign authop8« Standard texts m sianeaalian histology are ratlier

difficult to uee i^ien naklng application to the histolo^^ of the

digestive tracts of birds because of tiie differences in general

structure and cell structure* The laasnal has nottxing comparable

to the gissazHi in orgenolo^loal or histological makeup* Certain

l^npes of colls found in the SMUMlian 8tc»saoh have not been found

in the proventricuius of the bird* The subaweoea, when present,

is not necessarily identical with the subsaueoaa of the oMuaoal*

Certain parts nay be »issing« for ejcample, no Brunner*8 glande

were observed in tlie birds studied*

UkrmUl& AMD I^StHOSiS

Tn collecting the speeiiaens upon whose tissues this study was

besed, Ell necessary equlptsent was carried in the field at all

iiaea so that specimens could be dissected and tissues fixed

Hie technical names of these forcis, as given by Chapaian (1952)
arei zenaldura awtcroura (Llrm*}| Melanerpes erythroeeiflialus
(tinn*) and Stumella r^^na (Limu), respectively*



iHMdiately* Rosenberg (1940) found that the duodenal tube eut

open and waehed eroded In 10 minutea* sections not cut open

eroded in still shorter tlrae* The tlseuee deelred were removed

end washed* Three seetlcms within the central area of tiie pro*

ventrieulus and one section between the bend of the duodenal loop

and gissard wore removed. Baeh eeetion of tissue was then placed

in the fixative as rapidly as possible to prevent disintegration*

Sections from the proventrieulus were found not to disintegrate as

rapidly as seotions frm the duodenua* Sections fixed within four

minutes after shooting the speoisMin were satisfaetory*

Pioroofonnol-aoetio aeid was used as the fixative* Following

fixation the seotions were washed in 70 parent alcohol* ^Oie tis*

sues were transferred to paraffin gradual changes in dioxan*

Tlie tissues were cut seven to eight aierans thick and stained wit^

Delafield*s hawnatoxylin and eosin*

Bouin*s pioro»for»al*acetic acid is an excellent fixative for

tissues of the digestive tract of birds* It gives a delicate

fixation and seldom gives poor results* Dioxan is soluble in

water^ alcc^iol and paraffin* It elljuinates unnecessary steps*

thereby saves time and prevents further hard«ning of the tissues*

Tissues can be transferred from watar to paraffin through dioxan*

Delafield's haenatoxylin is a good all around nuclear stain and

works well with eosin* a cytoplasmle stain* These two stains work

well for most of the general histological voiic} however* they can

be supplemented by more specific stains if necessary*

In aaking a study of the sections a Zeiss aiorosoope equipped

with 16 am* 6*S cm* 4 nm apoohromat and 8 sn apoohromat objectives



m» used* 80 X« 10 x» and 7 X oculars were used interehan^oably

•s the need required* Bach ocular contained en ocular oieroiaeter

Hiich was calibrated for taking measureinents*

All highly na^ified drawings were made by using the camera

lucida* The entire cross sections of the digestive tract viore

ftmnm by using a projector which na^^ifisd the sections about 41

times*

fbres birds of each species were used for the study* For

•ash Measurement five readin(ss were taken from each slide (repre*

senting a series of sections from <me bird), nakin^ a total of 15

nsastar^BMnts to the species*

All laeastiremonts were treated by analysis of variance which

determined the significance by comparing the differences within

birds and differences amcm<^ Individuals of a species with the

differsnoes betwsn speeles*

Discussion AHD PRRSMTATKMS OT DATA

HistolOijy of Proventrlculus

Ihe proventrlculus or tiM» fearerstoraaoh in each of the tliree

species of birds studied had the siune genwral shape* It could bs

differentiated from tiie esophagus by its sonsimat larger diaraeter*

Tho proventrlculus preceded the glssard and was marksd from the

latter by a slight constriction. The proventrlculus, according to

Bradley (1915), consists of the sams layers as the esopha^.ius.

Ellas (1646) found that by using selective stains with the sothod

of Van Gieson it was possible to show that Casln*s determination

of the layers was correct*
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In general the proventrlculus was composed of foiir major

layers, the mucosa, subraucosa, muscularis and serosa. The mucosa

(Pigs, 1-6, A; Pigs. 22-27, A, B) was composed of the epithelial

covering iriiich lines the folds or wrinkles in the Ixjmen, the

tianlca propria and the muscularis mucosa. The submucosa (Pigs.

1-6, B, Ci Pigs 7-9, B) included the parietal glands, the con-

nective tissue surrounding the glands and the connective tissue

or membrane separating the submucosa from the tunica muscularis.

The tunica muscularis (Pigs. 1-6, D, Pj Pigs 7-9, C) was composed

of an inner longitudinal layer, a thick circular layer and an

outer longitudinal layer. The serosa was composed of connective

tissvie, blood vessels, nerve fibers and epithelium.

The lumen of the proventrlculus was very narrovr. In cross

sections of the stomachs of the birds studied the concentrically

circular folds surrounding the opening of each parietal gland

appeared as finger-like projections in the lumen (Figs. 1-6, A).

These projections were more prominent in the woodpecker and meadow-

lark than in the dove. The folds were tallest in the meadowlark,

Kaupp (1921) states that the proventrlculus produces the digestive

juices. Ellas (1945) found that the wall of the lumen contained

two layers of glands.

The mucosa as mentioned by Ellas (1945) consists of the

epithelium and tunica propria. The tunica propria (Pigs. 22, 24,

26, B) extends up into the center of the folds of the mucosa and

supports the layer of simple columnar epithelium. The high folds

are called plicae proventricull by Ellas (1945), Some authors

describe the deep, narrow depressions between the folds as having

simple, short, tubular glands. Batt (1925) fo\md no well marked
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erypta as la th« oaao In the auuBCBalian atoisach* Eliaa deacrlbM

tlxe pllo«« prov«ntrlcuil aa aurrovjndlng tba opening of th«

parietal gland in a circular fashion. Re dlaagreea wltii aom

previous authors by saying that, with ttie exception of a few

short tuhulea to be found at the bottom of the furrow* In the

plgeoAt the depress Ions between the folds are furrows, clefts or

wrinkles but not tubules* The furrows between the plicae proven^

trlcull arc described by Ellas (1945) as glandular In function.

Be terns these furrows sulel provantricull« It was observed In

sections fron each of the three species tlmt tubules oomposed of

a single layer of epithelium were out obliquely, thus showing

thera In an oblong form. Isolated In tlie tunica propria.

ftw oells at the ridge of the plleae proventrloall of all

ttupee speeles stwSled were tall end beeame lower and more ouboldal

In the sulei proventrlcull (ef. Figs. 34 and The nuclei

appeared to stain £K>re Intensely in the furrows than at the tips

of the plloae. The stain appeared tc scatter throu^out the cyto*

plasm In the ret;i<m of the sulci proventrlcull. The nuclei In the

bottom of the sulci were less clear cut then those found closer to

the Ivnen*

Bllas (194£) states that the secretory mterlal produced by

the epithelial cells of the ridges anul furrows can be stained with

thlonln and Delafleld*s haeiaatoaQrlln. Thlonln Is said to stain

omcin but also stains other substances. He describes the seex^tlcm

M being eon9;>osed possibly of granules snd not droplets. In the

•pedes studied the seeretl<m in the lumen took the cytoplasmic

stain readily n^lle the nuclear stain was alsx>st entirely absent.

The secretion appeared to be faintly streaked and granular. It



ectitovtmA to the general outline of the lisaen*

•vteueose extended ^rcfm. the iniior Xont^ltodliMil layer of

ttie tuniofi musctilarle to the i^suscularis in tlie timlea propria*

According to Batt (X92B)t the submucosa la a narrow atone of .thite

fibrous connective tieeut iTtoae fll^re run Icniiitudinally, Eliai

(1646) atatee ti at the eubioueoaa eonaiets of Xooae fibroua coi^

neetive tiaaue and oont&ina th^ p&rletaX glanda*

Kaupp (1921) found tliat the gaatrio folllolea are alaple in

the majority of blrda, liavine neither internal cells, dilttted

fundua ncr constricted Back (Fig* 1*6)* Proa the dietal eztrestlty

tibie opening of ttie follicle proooeded rlth a imiforra dlasswter

until til© orifice of the Ivoaen was reached* Ttila fom he found

in aoopbagoua and onnivoroua birds* l]9 observed t:hat the gastric

glands were variously an*unt;>ed asMMOg birds, being broad cor.pact

belts in Falconifore»a« a continuous sono around the proventriculua

In perohin^^ birda (Passeriforsiee) in gwneral, sonul&r and of simple

structure in pigeons, each gland of pyra^nidal form with the apax

towards the ^Iftaard in the ipocdpeeker*

m each of tiie three species studied the individual follicular

(parietal) glands drained toward the center of th<e lobule and then

directly to the surface of tSric luiaen (i ig* 1, E)*

TtM cells of the parietal glands were attaehad to t^e aeptum

(Fig* IS-Cl)* The colls were genex^lly hemispherical ixi ahapa

and frequently the cell«»&Kis was dlrecl'ecl tciwa);>d tl:^6 lu&ien* 'Hie

diatal end of eacdi cell waa free frcsB its neiglxbor wad quite

frequently in all three species the separation axtcnded almost to

the baaeraent merabrana* Batt (1&2&) aM riias (1D4&) found thaaa



oells to be of one tyxje and by staining reactions indicated the

resembltmoe of the cells to the parietal cells of BMunnallan

stomachs*

The nuclei of the parietal gland cells stained deeply with

the nuclear stains (Flg« 7-10 and 15-21) • The chromatin material

was moat prominent aroimd the perlpheiry of the nucleus with one

or two irregularly shaped msses of chromatin siatarial in or near

the center. Tiie nuclei of the parietal gland cells of the three

ptdies stiidied were very much alike in morphology and general

appearance • The cytoplasm of the cell took the cytoplasmic stain

readily, thereby forming a sharp contrast to the nucleus* It

stained uniformly throughout witn the exception of being faintly

granular*

Ths ducta of the parietal inlands were lined with cells which

had a oletr cytoplasm* These cells mer^d gradually with the

gland cells*

The stroma or septum betv/een the glands and surroimding the

gland lobulo showed connective tissue o«ill8 and blood vessels

(Fig* 24s, B}* According to Batt (1925) the septum is merely a

bsssmsnt me^nbrane with a few connective tissue cells , blood

vessels, and nerve fibers* It wao observed in the three species

studied that the connective tissue of the ssptum extended around

the lobulu and formed a thin meisibrane which separated the ttailca

musculfsris from the submucoaa (Figs* 7-9 8, C)* Occasionally

it extended through the first layer of the tunica muscularis, the

inner longitudinal layer* It extended up to the lumen side of ths

parietal ^^lands and merged with the muscularis mucosa*

Blias (1945) does not agree with several previous authors as



to th« arr&ngMMint of the tsuneular layer* H« states that th«

nuaoul&pia oon«iat« of a thin entomal longitiK31n&l l&yer« thick

middle clx^xidar layer, and an Inner longitudln&l layer, and Unat

tlie miMOularie micoaa la on the liimen eide of the p&rletal (glands*

m the three epeolee studied the muacularia ^nucoaa could be

followed only with difficulty* The muacle nuclei indicated the

locatlCNn of the muscle elements* The muaeulature confortaed to

the general outline of the lumen side of the parietal glands*

Jim layers of the tuniea muaoularis could be clearly dif*

ferenti&ted one from the other in all tiare« apeeies stxidied* fba

inner longitudinal layer, the innermost layer of the muscttlaris,

«Mi bordered on the lu2»n aide by a msabram separating. It froa

the parietal glands* It was bordered on the outside by the eir->

euJUir layer of the isuscularis (Figs* l»e, D, B)* Inside it con»

fomod quite closely with the lower border of the i^ndular

follicles* Tiierefore, its tMokness was muah greater ui:»ier the

•eptft separating the follicles of the parietal glands than midmy

uaAsir the follicle* fHie cmeclo cells and nuclei of this layer

appoarod to run parallel to the direction of the intestine, sug*

gasting a lonsitudinal arrangement of the fibers* Tho circular

omacle l&yer or middle layer waa tlie thickest of the three layers*

Its cells and nuclei encircled the lumen* ThB outer longitudinal

layer was thin and irregular, suggesting isolated bundles at tifses*

It was interposed nlth nerve fibers and blood vessele, and waa

covered on the outaide by the serosa* la&e muaoular layers of the

proventrioulus and duodenun of the dove were thinner tiien in those

of tl^ie other two bird* (cf* Pig* 1 with 3 and 6)*



the boundaries of the muetuXe oells were dlffioult^ and at

»o«t sites Impossible* to dietin^suisht. nuclei were elc^arly

outlined (Fi^s* 10-*12f C» !}• ^e nuclei of the muscle cells of

the three species could not be distinguished one €rm. tiie ot^er*

m cross seetlons the nuclei of ttiG circular layer ap;;eared long

end wavy* Oecasi<m&lly they «ere shorter snd broader* The

nuclear mei^rane was clearly marked* Scattered throu|^t»out the

nucleus were ssisll patches of chromatic tnateri^l* In the im^er

and outer longitudinal muscles the nuclei freqijontly were cut in

cross section* and ap;>eared oval in fonB# Ko sttes^t was eiade to

oake a comparison of the serosa*

Desselberger (1951) reported that birds living on flowers

and berries have a digestive tract well adapted for that kind of

food* Flower peckers (Dieaeidtee) frcei l$ew Guinea md Celebes

show two steps in specialisation* ?rlatorhampnus and t rochttrls

hsvo short and wide intestines with a lunsn densely covered by

wide villi* In Dioaetw and A<aB<»ioyhynehus the muscular stcciadh

is tftlnm out of the direct digestive tract and transferrer^ into

ma appendix* Berries directly frcra the glandular stonach into

the duodenim* ehlie insects go into tiie muscular stmaoh*

£Qrowne reported that grenlvorous birds have a ssmll,

•trai^^t proventriculua whleli api>ears ae a dilatlcan of Uie

esophagus* m carnivorous birds the proventriculua Is but faintly

distinguished from the giessard* In certain Galliforrnes, according

to Kaupp (1921)* it is larger in diameter than the osophat^us and

smaller tiian the giseard* In son^ birds (Passeros)* It forins

almost the entire stomach, toe glssard being miniature, while in

"Alcedo perching birds" opposite proportions prevail* In birds
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with wide esophagi only the greater vascularity and tlie differ®j>ee

of linlns aeaibrone end stratum of fc^laarida wlsich open on the Irmer

surfaoe Identify the proventrlculxis . Desselbcrger (1958) quite

definitely states tliat birds with similar food habits show tjreat

similarity In the struetva^ of the intestinal tract.

Hi8tol04;y of DuodenuBi

The duodenuia was a U-shaped portion of the snail intestine,

followints the giis^erd and erabraein^^ tl^fe panoreas* The miKJOsa, the

innermost layer* l*icluded the epithelliaa and Uie ttardca propria

(Figs* 88«>S3, B, C)« Whether tlie muscular tissue in its tunica

propria eorreeponds to the lauseular tissue in the tunica propria

of the proventriouli wui not determined.

The presence of a subnuoosa was uncertain. Rosenberg (1941)

•teted that in general a oubmucosa is not present but tiiat a avUb^

tttdse Is indicated in the heavy folde. Batt (1986) described

the subanieoea §m a narrow iiorie of dense v^ite fibrous tissue*

It is altoget^r possible that rmnants of a subsueosa oay be

present in the birds studied altJiou^ n<me was located in this

work*

©w nusoularis included an Iniier lon£;itx«airuBl (amsculeris

majosa)* middle circular* and an outer lon^^itudlnal ^suscle layer

{Pigs. 34«*3€, P). The circular miiaele ««• sueh thioker than the

other two wusctaar layers* Th» serosa* the fourth layer, en»

closed and covered the intestine*

The epithelium was tlirown into nuiaftrous long folds by the

underlying tuniea propria. These folds may appear rather wide



If CMt at an ancle PRther than In cross eeetion (Fig. 34, D)*

Ros«tib«rg (1941) foxmd duodenal coltxmar colls of thres types,

th» chisf osUs, goblet cells, and basal granular cells* In ths

birds studied the chief cells <Flga« 28«>5S, B) were r^ost numerems*

The goblet cells (Figs* 29, 32, unlabeled) were fairly numerous

but no basal granular cells wore observed*

She chief cells (absorptive cells) were foxind on the villi

and extended into the crypts of Lleberkuhn* were simple and

eoXuBasar In shape, being tallest at the tip of the villus and

shortest in tl-ie crypt of Lieberkuim (Figs* 20, 31). The nuclei

wore oval to nearly ameboid in lOtape with Irregularly scattered

chromatin* Rosenberg (1941) illustrated in sx>8t nuclei two clear*

out nucleoli, wbieh were only Infrequently observed in the dove,

woodjMBOlcsr and asadowlax4c* Tti^ cytoplasm was definitely acldoph*

ilic with basophilic granules* These granules increased in

nusd^er and in density toward the fundus of the crypts* The chief

cells resenbled closely the epithelial cells of the proventrlculi*

Goblet cells were foxmd throughout the epithelltil covering*

Tlie nuclei were airailar to those of the cMef cells but are con»

siderably smaller* The nuclei (Fig* 51, unlabeled) lay closer to

the cell base than did teie nuclei of the chief cells* Freqwntly

Warn goblet cells could be loeated by the nuclei alcme (Fig* 33)*

The nuclei stained more deeply than did the nuclei of the chief

cells*

Rosenberi^ (1941), quoting Tan^, while diaci^ein^ basal gran*

laar cells and Faneth cells, states that i^ien one is present in

lar^-e niffiibers the otlter is absent* The granules of the Paneth
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eeXls ar« aoltible In ether alcohol or dilute acids. Therefore, by

the technic used for tlxla study tbe Paneth eella. If jxresent,

oould not be Identified*

IThe cuticle covering the eplttielial cella me interrupted by

tilt opening of the goblet cells (Fig* 30} « atie thickness of the

Qutiole of the three apeeiea studied tms not earefully ooaapared*

However, the euticle in the aeadovlai^ mm soasirtiat thinner than

that found in the other two speoies studied (Figs* 29, ai:id 30} •

tlM tunica propria formed the core or support for the epi-

thelial covering (Figs. 2&»30, C) and exter-ded down to the Inner

lon,gltudinal muscle layer vfiiieh is oallod the muacularis Bueosae*

It oontaiiMkl aMmy lymphatic cellfi, and a mxt&fr of muscle fibers

(Fl£. 32, C)«

Macklin and ^Jaoklln (1928} Ejantlonsd that certain histolO(-ioal

practices cause the tunica propria to shrink away from tlie epi«*

tbelium and that certain reagents as Hanvier*8 alooliol and dilute

acetic acid readily dissolve the cell eeE3«mt»

Wbsther the aiuscle cells of the tunica propria are a eon*

tinuation of the nuseularis eruseosae or inner longitudinal ciusele

was not determined*

In the tunica propria of the turkey Rosenberg (1941) found

fibroblasts with strands of white collagenous connective tissue,

lyisphooytes of various types, plaaraa cells end two tyjjes of

eofiinophiles* Ko comparison was rmde of the tunica propria of

the duodenm among the species studied*

The crypts of Lieberkiihn (Flss* 34*36, E) were situated at

ttie base of ttie villi* TIm» stratum of crypts in the swadowlark
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mui nueh thicker than those of the dove and vt>oAvtk»r (Figs* 34»

96t and 96^» The orypte in the neadovlark were etratified^ where*

«• in the dove and woodpecker they were g«>^<»*<^117 ein^Xe and some*

tisee isolated* Roeenb«rg (1941) states that the goblet cells are

mere muaerous in the orypt then at the villus tip* Batt (102&)

fotffid the crypts shco'ter and nxxre coiled in fowls than in maoRtals.

Several authors speak of ^e muscular layer as being o<KspcM(ed

of an inner longitudinal layer called amsoularis Biueosae« a alddle

layer called the circular layer and an outer longitudinal layer*

Rosenberg (1041) states that the circular siuaole in the turkey was

eOQjosed of a wide outer layer and a thin inner accessory layer*

ttw inner longitudinal muscle in each of th* three species studied

was very nerroWf thickest in the woodpecker and thinnest in the

dovBf and formtA a sheath around the crypts of Lieberkuhn* The

circular smsele was auch thicker tban the other two layers* It

encircled the Inner longitudinal layer » and appeared wavy* The

outer longitudinal rausele layer was similar In ap}?earanee to tl»i

inner longitudinal muscle layer* The circular muscle was thickest

in the EoeadowXark and thinnest in the dove* The outer longi-

tudinal layer was thickest in the woodpeek«r and thinnest in the

dove*

The cells of the misele elenents were spindle shaped and

their nuclei » as in the muscle cells of the proventriculus* were

clearly outlined* Anong the speoles studied ttie ni:iclei appeared

to be Identical in shape and form* The cell, exclusive of tbm

ntieleusy stained intensely with the oytoplaamlc stain* The

muscle tissue fozned a wavy pattern* l^lastio fibers aceorap-anied



tkw BMSole cells ana vero lumftllj orientated In the suae dlreetion

as tai« muteXs fibers » MKBig Hhieh they were found*

The serosft and 6ubeeroe& enolroled the intestine end as far

as eould be detonained these layers were identical in the speoies

studied*

Piets of Birds Studied

According to Portmsh and llay {19S9)« aniaal laatter con8ti«>

tutes one«third of the food of the red«*h«aded woodpeckert and

vegetable matter eonstitutoa two*thirda of its food* ^e animal

diet consists largely of adult beetloe^ wasps, gras6hopr>ers

«

predaoeoits ground beetles and tl^^er beetles* The vegetable food

oonsiatB l«^rgely of ssiall fruit end berries (Beal IBO?, 1942}*

m addition to the food already s»ntioned« Bent (1959) adds ants*

bugs* crickets, moths^ caterpillars* spiders* inyriopods* com*

dogwood* hi^kle berries* strawberries* raspberries* aiulberries*

elderberries* wild black cherries* choke cherries* cultivated

cherries* wild grapes* apples* pears* various seeds* acorns caid

beechnuts to the diet of the red*head«d woodpecker*

flii food of the meadowlark consists mostly of insects which

constitute 74 percent of its diet (Beal* ?.fcAtee* and Kalinback*

1941)* <&eal* 1942)* Vegetable matter aakss iip S6 percent of its

diet* Beetles* bugs* grasshoppers* a few flies* wasps* spiders*

and oyriopQds are also eaten* rieadowlarks f^o to i^ut effort to

obtain insects even imder adverse eonditicnui* Cfr&sshoppers and

crickets constitute 27 percent of its yearly diet* Beetles are

next in iiaportsdiee and constitute 16 percent of the annual food



of the meadowXark*

Of the vegetable food fruit constitutes two percent of the

iaeado«lark*e diet* Com, wlieat and oata make up nine percent of

Ita diet «nd are taken aoetly during winter. Common weed aeada

taken are ragweed^ bamgraaa* aaartveed^ sorrel^ ematard, erraaranth

•ad graowell*

Doves live largely oa a grain diet. Xn««eta are apparently

not a part of the dove*s diet (Jennines, 1941) • Their diet con»

sists of 99 percent vegetable natter and less than one percent

aniawl food (Bent« 1952)* mieat, oats, rye, com, barley and

^k«h*at constitute 32 percent of the total food. ?A)eat is tb«

favorite. Wead •••da are eaten at all seasons of the year.

Tabulatad Infomation and statistical
Treatment of Data

Method of statistical Analysis . In all analyses the estiasate

of population variance (o^) obtained from Xhe variability omoiag

birds of the saaio species vas used as the error variance in the

F test*

P is the probability that T would be at least a« lars« ••

tlMtt F dbserved if there were no differend*^ aaMmg th« •peoiee in

regard to the feature which was measured. It is oustoniary to

consider the observed differences among the sp«oies swans as being

statistically significant if P is mOQ or ssiall^r. If P is ^z^ater

than .05 this does not aoan that the speeies are not different in

the feattires Beasux*ed| it only indicates that in view of the

variability obsorved amon^ birds of the saiM speeies, the observed

differences amcaig speeies reasonably could be attributed to



••apllisg* If a Imrefiv xaxesber of bird* of each speclea had been

laaad it is possible that the P vouldi have b«en smaller In certain

Instanoea*

tbm v«iult« obtained are put in oh&rt form with the P indi-

oated to^^etlier with a statenont indicating aignificance of tli*

differences obtained*

Discussion of Statistical interpretation * Tho ends in view

for raaklnis neasureinsnts of histological aspects of the proventrl*

ouli and duodmi of the dove^ aeadowlark and red*headed wood*

peckor and treating thM statistically weret

(1) To ascertain if the food habits are paralleled by

hlstolO£;ical dlfferencGs*

(8) If MMun asasurensnts staggest differences In food habits

are paralleled by histological variation, them

(3) To treat data statistically to note If species dlf»

ferences are significant*

If the analysis of variance proves significant it would

appear that food habits are paralleled by a certain histological

pietirre*

VtaneifjH analysis of variance demonstrated significant dlf*

ferences int

(1) Width of nuclei of the chief oells of the sulci

l»*oventrlculi ^

(8) Length of nuclei of parietal gland cells

(8) Height of plicae proventrioull and thickness of tunica

propria

(4) ^surements of Uiickness of the inner longitudinal



KXPLAHATZOH Of^ TABLE !•

A ttudy of the sise of the chief oeXl nuclei in the in*oventri*

ouli WM mede* Fifteen reedinge were recorded for each epeeiee

studied* Readin^'9 were obtained at the tip of the plieee pro*

ventriculi end in the regitm of the eiilci proventric\ili«
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SXPLAHATIOir OF TA6LF 2«

On exsalning tho parietal gland coll, it was found dlffl-

eult to saaka a amrpbologieal differentiation between tne three

•peolea atudled. 9he cells and nuclei of the apeolea were

aaaaured to datenalne the difference In else* Fifteen neaaure«

loenta were taken on each apeolea within the central portion of

the in*oventrioulua« Five SMaaia^aienta were taken on each of

three aeparate Indivlduala within the aana apeolea*
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mtMuavm w table 9*

'Om glABd lobides of the thr** spvele* •bowed « aorp^io*

logi«ftI difference. Tbe dove eeeiaed to have nueh finer detail

and more delieate stnieture than the other two apeoiee* The

lobulea were aaaavo^ad by ueing a law Migiiiflcatlon.





EXPLAHATIOS OF TABZ£ 4*

Hh9 iMlght of tlM popticm of tim proventrlculua bet«»«&

th« parietal gXatnds and its Ivaam thowd oonaidorftble dlff«r«ne«

•BOng thft speelet studied* ftie region In th« dovo mueh

narrower than in the other two Vb» aeasuremente were

pede between the tip of the plieae proventriculi and the deep*

eet pert of the tuniea propria*
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EXPIAHATIOH OF TAEU^ 6.

ftm «!!• of thft nuclei of the tm^er longitudinal and

olroular layer of tl^ie museular eoet of the proventrlculus were

BMMUiured and the averege detervdned to see if the nuclear else

of the lauflcle cells differed greatly in the epeolee studied*
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To det«rmin« th« reXatlv« thiokma* of tb« museular l&yera

«»Miar«i»Biits talcen at ««•tiered locations to get M
beet poeelble average* Vhe inner XongitiidinAl nueele layer

extended up between the aeptun ililob aeparated the gland Idbulee*

Xt waa therefore very irregular in thieknees. Ttie nuaoles aay

have been in different stages of contraotion^ whioh nay have an

important bearing on the results obtained* Therefore, at best

tlM aeasuresaents of the misolea were not too meaningful*
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BXPZ.ASA7ZQII OF TAB££ 7«

Th« eireulor ntusele Xay^r «nd the outer longitudinal

layer were more uniform in thlckneei in all species than the

inner longltuSllnal layer* The layers i» tha dove were not

aa thlek aa those of the other two speciea*
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HXPLAHATIOH OF TABLE 8*

In BMftsurlae als* of the duodenal villi the height

vme recorded In the first oolunn of Table width near has*

of villi in aeeond coliaan^ width nidway between orypta and

villus tip in third ooluon and width near villus tip in fourth

oolum*
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BXPLANATICm OF TABI£ 9«

nt* nitolel of the chief eella were ntaaured where fcmnd*

both near the tip of the ylUl end in the orypte of Lleher*

kiihn* The chief cells were predominate in the epithelial

covering*
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EXPLAHA7X0S OF 7ABLE 10.

Th9 indlTlducX lobul»« or branehes of tho erjrpts of Li«ber*

kiihn wer« moatuiHHS for eompfirison of size* The branehea In th«

tadovlark appeared to be arranged In eeveral layere whereaa

the erypta of the dove and woodpeeker were lobxilee or branehea

at the aane level*
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mUMATimi OF TABLT: IX.

Th« iimfloI»« of th« duodenal aii8o\2laria irore arranged in

thraa layers • Itiase vera recorded aa the inner longittidinal

layer (ealled aiuaeularle muooaae), circular layer and outer

longitudinal layer of titie Biuacularla«
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BXPLAXATIOK OF TABI^ 12.

fb» fioblet oellfl wer« found throughout th^ •mil Intdatine*

Aekert, Edgftr Mad Friek (19S8) found that the goblet cells

increased in abundanoe with the Age of the chicken* The ages

of the birds studied could not be dotemined but pluasige indi*

oated all were adult birds*
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Biuiel* layer tinder the eeptun of the perietal glenA

lobulee

(6) Width of vim midway between base and tip

(•) Length and width of nueXel at tip of villi

(7) Height of crypta of Lleberinahn

(8) Nuaber of erypte of Lleberkuhn per fleld«

Iheee significant features are aoeonpanled by a laek of signify

ieanee Ini

(1) Length and width of nuclei at tip of plicae proven-

trlcull

(2) Length of nuclei In axacl proventrloull

(9) Width of nuclei of parietal ^^land cells

(4) Length and width of parietal gland cells

(6) Helcht and width of parietal gland lobules

(6) Length and width of the nuclei of tiie clroiOar and

Inner longitudinal muscle layers of proventrlcuU

(7) Thlckneea of Inner longitudinal nueole below lobule^

thickness of circular muscle and thickness of outer

langltudlnal muscle of the proventrloiaus

(8) Height of villi, width of villi near base, and width

of vim near tip

(9) Len^tli and width of nuclei In crypts of Lleberkiihn

(10) Length and width of Individual lobules of crypts of

Lleberkuhn

(11) 'miekness of Inner longitudinal, circular and outer

lon£;ltudlnal muscle layers of the duodenum

(12) Count of goblet cells near villus tip and In crypts

of Lleberkiihn*



Wm th* anaXyaes it appeamd timt tha results of tlia

MMureamts of the musel«s in both the proventrieulua end duo*

denum and the result of the count of the goblet cells were very

uBsatisfaetory as regards proof that food habits are paralleled Ixf

histologieal differences, m the nitfeles the lack of evidence by

analysis for the dlfferenees obtained in the asans probably can be

partly explained by the fact that the muscles of the fixed tissues

undoubtedly differed greatly in degree of contraction, ilowever,

it must be borne in nind that even ihou^ the differences in mean

were not eonfiroied by analyses « this does not exclude the possi*

bility of a significant difl'erenee awig tti» species on the

particular thing studied*

fhe differences in nsian which could not be recorded as

•Ifnifioant by analysis will not be considered* If one could

consider that greater sise and greater niBttber« e*g* else of

parietal cells^ number of crypts of Lieberkuhn, were indicative

«f euperiw developawnt^ then the woodpecker had the best all

aroiuid developBsent* It showed the beat developaent in five sets

of aeasurements out of nine* The dove in no point of oonparison

showed the greatest develeimsnt* The roeadowlark was by far

•vperior to the other two species in developaient of the crypts of

Lieberkuhn* Evidently it was capable of secreting a »uch Isiri^er

quantity of intestinal juice*

Aeeording to ¥;an and mi (1956), Voig^t (1054), man and Lee

(1091) and Rledel (1944) a vegetable diet supplenented by neat

is better than a strict vegetarian diet as regards growth and

development* Bieater (1944) stated that in general aninal pro*
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telns are considered to b© superior to plant protelna In poultry

fMdlng* He indicated that a ration should ran^^e from a Xfi per*

eent to a 17 percent level of hig^ quality proteins* He further

states that a eosibination of meat neal, fish meal and soybean

Mai is Bore effioient biologieally than meal and fish meal as a

protein si^pplemsnts

It seeni» Judging frosi experiaier.tal results of various

authors 9 that a proper balance of aniraal diet and vegetable diet

Is desirable and appears to give the best results in growth and

development. The woodpecker and neadowlark were oomivoroufi end

the dove was granivorous* The woodpecker excelled in sise of

nuclei of surface epithelial cells and the asadewlark excelled in

developnsnt of the crypts of Lieberkuhn and height of mucosa of

proventrieulus. The results indicated that the proventrlculus

and duodenum of the omnivorous birds » woodpecker and nsadowlark^

were flsxre like each other than like the dove in hi8tolo£;ical

features* The development as observed by a aioroseopioal study

indicated that it paralleled the food habits in the birds studied*

Roi^verf Whether one was the result of the other is not yet known*

Vhe proventrlculus and duodenum of three speeies of birds,

mourning dove, red*faeaded woodpecker and meadowlark, were studied

microscopically to ascertain if the histological picture could be

associated with the feeding habits*

Three birds of each species were collected for eomparisor^

Adiat birds were collected, essential tissues fixed in BouinU
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fljmtlve, tnuuiferred to paraffin throtA^ dloxan and atained with

VmliM.tUil&*» haesntoxylin and •osin*

Fifteen waaureoenta were oade upcm eaeh apeelea to obtain

eaeh mean for oonparlson. Th9 laeasurenwnts taken were length and

width of epithelial nuolel near tip of plicae proventrloull, in

auloi proventrloulif at vlllua tip and in crypta of Lleberkv3m|

length and width of parietal gland lobttle^ lengtii and width of

parietal gland eella and length and width of parietal ^^lo^hd cell

nueleif height of plleae proventrioull and txmioa propria of

proventriculuai height and width at baae« midway and at tip of

villi, height of crypta of Lieberkuhn, nxxmber of orypta lobulea

per field, length and width of each lobulej thlcimoas of inner

loni;ltudlnal nuaele layer of duodenum, Ita thlekneaa under the

gland lobule and gland aeptiaa in the proventriouluai thlokneas of

oireular and outer Xcn^^itudlnaX nuaele layers of both proventrl*

culua and duodenumi length and width of nuclei of inner lon£;i«»

tudinal and circular muacle layers of proventrioulua i count of

goblet cells in crypts of Lleberkuhn and at the villus tip*

Nine seta of neaaurensnts, shown significant by analysis,

were used for ooaq^ison* The woodpecker with an animal dl«t of

33 percent ahowed the greatest development in mnst comparisons,

the meadowl&rk with an insect diet of about 74 peroent closely

approached the woodpecker but exceeded both the woodpecker and

dove by far In the devolopsaent of the crypts of Lleberkuhn. The

dove, aliBOSt entirely granlvorous, showed the least developnent*

Xn this research the histological picture seeaed to parallel the

food habits, but does not prove that one was the result of the

othera
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B3CPLAIIATI<»I . OF PLATE I

Fig* 1, 2 Croas teotlon of p^roventrloulus of th« Boumiag dor*

Pig* 4 Cross section of proventrioulius of th« voodpeekor

Pigs 5» 6 Oroes tootlon of proventrioulus of tho mtAtmlat'k

at different regitma

A* Mieoaa

B« Folliole of parietal glanda

C* Saptun aaparating gland folllelea

P» Inner lonj^ltudHaal anise le layer

S* Clroulor ouaole layer (outer longitudinal layer not

dravn)

I. Parietal gland folliele ahewlng arrangaaiant of glaad*

ular etruotura
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1X?LA!IATI0II OF ^UTB II

Pis* 7 Portion mar baso of parietal gland folllole of th« dove

Fig. 8 Portion near base of the parietal gland folliole of the

woodpeoker

Fig* e Portion near bate of the parietal glaxid follicle of the

meadowlark

A* Parietal Ql^nA oella

Bm Septiaa

C* inner longittnlinal »iaeXe

C« iQraph nodule landor aepttni

Fis* ^ ?4uecle nuelei of dove proventrieulue

Fig* 11 ?.?U80le nuclei of voodpeoker i»roventrioulua

Fig* le liueele ntiolei of aeedowlark proventrioulua

C« Nuelei from olroular muaole

!• ?^'iielei fron inner Icngitudiml nueole





BXPXAHATIOlt OP PLATE ZZZ

Fig* ISy 14, 16 Tbr— leotlons tftk«n &t diffor«nt regions In

prov«ntrioulu8 of dovo ahewlng th« cells and

•eptuzs of the parietal glands

Fig. 16f 17, 18 Ttome sections taken at different resions in

proventrlcvlus of the woodpeeker showing the

eells and septum of the perietal glands

Fig* 19, 90, 81 fhree sections taken at different regions in

the proventriciiluts of the meadowlerk showing

the cells and septum of the parietal glands

A* Parietal gland sell

B« Septint



Scale 50 microns



EXPL4KATI0N (F PLATE IV

Pig* 22 Seetion of plloa«

Pig* 25 Section of aulctut

Fig* 24 Section of plicae

Pig* 25 Section of stileus

Pig* 26 Section of plieae

Pig* 27 Section of atalcua

A* Epithelial eella

B* Tunica propria

C* Cuticle

IKPOventricull of dove

proventriculi of dove

proventrlcull of voodpecker

proventriculi of woodpecker

proventriculi of loeadcwlark

proventriculi of iMadowlark
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EXPLANATION CF PLATT V

Pig* 88 Ssotion mar Up of vlUu« in dove duodmnai

to Section n«ar tip of villuo in woodp«ok«r duodmiuK

Pig. 30 Section near tip of villus in naadowlark duodenuM

Flg« 51 Seoticm in crypt of T4.«b«rkiihn in dove duodaniai

Plg» 52 Sdctlcn in crypt of Lieberkiihn in woodpecker duodenum

Pig* 55 Section in crypt of Lleberkuhn In aeadowlark duodenua

Fig. 54 Section of duodemai of dove

Fig. 5& .Section of duodenum of voodpeeker

Pig. 56 Section of duodenum of Miadowlork

A. Cuticle

B. Epithelial eelle

C. Tunica propria

Z>. Duodenal viUl

e. Crypta of Lleberkuhn

p. llmica muacularia
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