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Chromosome complements of ten species of shorebirds, order

Charadriiformes, were analyzed and compared. Mitotic chromosomes

from the pigeon guillemot (Cepphus columba), Heermann's gull (Larus

heermanni), the California gull (L. californicus), the western gull

(L. occidentalis), the American avocet (Recurvirostra americana),

the western willet (Catoptrophorus semipalmatus), Wilson's snipe

(Capella gallinago), the wandering tattler (Heteroscelus incanum), and

the black oystercatcher (Haematopus bachmani) were examined in this

study.

Short term cultures of bone marrow cells from each of these

species provided a source of rapidly dividing cells. Mitosis was

arrested with colchicine and the cells exposed to a hypotonic environ-

ment prior to fixation in Carnoy's acetic-alcohol without chloroform.

Fixed cells were resuspended in a 45% aqueous solution of acetic acid,

air dried onto warmed cover slips and stained with lactic-acetic-orcein.



In addition to these mitotic chromosomes, meiotic chromosomes

of the black tern (Chlidonias niger) were fixed, air dried, stained and

examined.

Study of the slides of mitotic chromosomes revealed a marked

similarity of karyotype in six of the ten species. These six were the

oystercatcher, avocet, the three species of gulls and the pigeon

guillemot. Study of the meiotic chromosomes of the black tern showed

that it also had a chromosome complement similar to these six species.

Three species, the western willet, Wilson's snipe and the

wandering tattler, all members of the family Scolopacidae, were found

to possess karyotypes quite different from the other members of the

order. These last three species had diploid numbers between 90 and

100 and karyotypes which included many acrocentric elements but few

metacentrics. This is in contrast to the other seven species which all

had diploid numbers near 70 and karyotypes containing many non-

acrocentric macrochromosomes.

Finally, chromosomes of the domestic chicken (Gallus domes-

ticus), a member of the closely related order Galliformes, were com-

pared to the shorebird species. This comparison lead to the con-

clusion that the seven species, with diploid numbers near 70 and many

non-acrocentric macrochromosomes, are evolutionarily descended

along a common shorebird line and have many karyotypic characteris-

tics in common with members of the closely related order Galliformes.

Because of the markedly different karyotypes of the three



members of the family Scolopacidae (snipe, willet and tattler) the

suggestion is made that this family may have evolved from a different

phylogenetic line than the other members of the order Charadriiformes.
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THE CHROMOSOMES OF TEN SPECIES IN
THE AVIAN ORDER CHARADRIIFORMES

INTRODUCTION

For more than 70 years biologists have recognized that chromo-

somes, the bearers of the hereditary particles (Sutton, 1903), per-

haps more than any other structure reflect the phylogenetic history of

a taxonomic group, White (1954, p. 1) points out that evolutionary

transformations have their origin in the chromosomes, and, being the

physical basis of heredity, these bodies furnish the material source

for evolutionary change. He goes on to say,

The differences in chromosome number and chromosome
shapes which frequently distinguish one species from its
relatives throw new light on the problem of taxonomy,
while the cytological characteristics of whole groups of
organisms have a bearing on the differentiation of the
higher categories of our classification and on the problem
of their evolutionary patterns, plasticity, and adaptive-
ness (White, 1954, p. 2).

As early in the history of chromosome study as 1905, McClung

(1905) suggested that advances in taxonomic knowledge would come

about "by a comparison of the germ cells and body characters in nearly

related species, by observing the differences in germ cells of in-

dividuals that vary from the type of the species... It

Since the beginning of the 20th century cytophylogeny, the study

and comparison of the chromosome complements of different species
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in an effort to elucidate phylogenetic relationships, has yielded signif-

icant results in a large number of taxonomic groups. However, cyto-

phylogeny of vertebrates, which, because of technical difficulties was

generally neglected during the first half of the 20th century, has only

recently seen great progress. Yet in spite of this recent rapid ad-

vance in vertebrate cytophylogeny one group, the birds, has continued

to be neglected. This is somewhat surprising in light of the fact that

of all vertebrate classes, Ayes is probably the best known taxonomi-

cally and would provide an excellent opportunity to examine the value

of cytotaxonomy by comparison with classification based on morpho-

logical characteristics, As Darlington (1957, p. 236) put it,

In some ways, birds are the best known animals. Almost
all existing species of them are probably known, some
8600 full species (Mayr, 1946; Mayr and Amadon, 1951)
plus thousands of geographical subspecies, and the dis-
tributions of many of the species are known in detail.

The reasons for this lack of knowledge about the chromosomes

of birds are two. First, the class Ayes has long been notorious as

being "exceptionally difficult" (White, 1954, p. 283) to work with

cytogenetically. As a result many cytologists have, understandably,

selected less refractory animals for study. Secondly, the presence of

a large number of "microchromosomes" in every known bird karyo-

gram has made determination of the exact chromosome number a

virtual impossibility (Stenius et al, , 1963; Ohno, 1961; Itoh; 1969;

Bhatnagar, 1968), In spite of these difficulties some species,
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especially those of commercial importance, have been intensively

studied.

The domestic chicken, for example, has been a favorite subject

throughout the brief history of cytogenetics, Between 1906 and 1950,

there appeared in the literature at least 29 separate reports of studies

of chicken chromosomes (Brant, 1952), Since then the total has at

least doubled. And yet, when R. N. Shoffner (1965) summarized our

knowledge about the chromosomes of the chicken he listed the fol-

lowing eight points.

1. The chromosome number is uncertain.
2. The microchromosomes are unclassified as to number,

size, shape, heterochromatic condition, random dis-
tribution and function,

3. The constancy of either meiotic or mitotic division
products for the microchromosomes is questionable.

4. There is little or no knowledge about the occurrence
or the effects of aberrant chromosomes such as
translocations or inversions in fowl populations,

5, There is little knowledge about the incidence or
results of abnormal chromosome behavior such as
aneuploidy, trisomy or nondisjunction,

6. The female is the heterogametic sex, distinguished
by a single X or Z chromosome (fifth in size among
the microchromosomes), The existence of other sex
determining elements or loci is uncertain,

7, Except for the sex chromosomes, association is un-
recognized between the many known genetic marker
loci and their residual chromosomes,

8. Cytogenetics in the fowl is almost a complete void.

If knowledge of the chromosomes of the domestic chicken is

"almost a complete void" in spite of the very considerable amount of
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work conducted on this species the situation is even worse with

regard to other species, genera, families and orders of birds. Re-

cently a symposium at the University of California at Los Angeles on

the "Cytophylogeny of Vertebrates" (December, 1969) ignored the

class Ayes because, as one speaker put it, "We simply don't have

enough data from birds to draw any meaningful conclusions, "

Thus we see that avian cytogenetics is a relatively new and un-

explored area of genetics.

Not until the late 1950's and early 1960's, with the introduction

of improved techniques for preparing vertebrate chromosomes for

study, was any real progress made in avian cytogenetics. Newcomer

(1957) using for the first time relatively modern techniques, described

the mitotic chromosomes of the domestic fowl. Two years later he

described (Newcomer, 1959) the first chromosomal aberration in

birds, a reciprocal translocation between the two largest pairs of

chromosomes in the chicken which had been obtained through

x-irradiation of sperm at the University of California by Inouye (1962).

Prior to Newcomer's work the reported diploid number for the

chicken had steadily increased as techniques were improved. The

earliest investigators reported the lowest diploid numbers (Guyer,

1909, 2n = 18) while the more recent studies found diploid numbers in

the upper seventies (Yamashina, 1944, 2n = 78), Newcomer's study,

however, reversed this trend. In a study of spermatogenesis in the
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fowl he reported (Newcomer and Brant, 1954) that "the number of

chromatin elements is variable throughout spermatogenesis, " In this

and later reports (Newcomer, 1957, 1959; Donnelly and Newcomer,

1962) he reached the conclusion that only six pairs of macrochromo-

somes constitute the normal diploid complement in the chicken. The

so-called microchromosomes were then relegated to the uncertain

status of "chromosomoid bodies, " Considerable controversy deve-

loped as a result of Newcomer's statements; however, almost without

exception, students of avian cytogenetics have rejected his hypothesis

that the smaller members of the avian karyogram are non- chromo-

somal in nature (Ohno, 1961; Krishan, 1962, Ford and Woollam, 1964;

Owen, 1965; Hammer, 1966; Renzoni and Vegni-Talluri, 1966; Ray-

Chaudhuri, 1967),

By the beginning of the 1960's, Ohno (1961), working with em-

bryonic gonads from the chicken, had demonstrated the chromosomal

nature of the microchromosomes and also published a detailed de-

scription of the macrochromosomal complement of Gallus domesticus,

Ohno concluded, "On the basis of counts made on well-prepared mito-

tic prometaphase and first meiotic metaphase figures, the author

favors the view that Gallus domesticus has a fixed diploid number in

the upper 70's. " The following year Krishan (1962) verified the

findings of Ohno and concluded that technical difficulties in counting

the microchromosomes produced the apparent fluctuations in diploid
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number observed by Newcomer and others.

In 1963, Stenius, working with Christian and Ohno, compared the

karyotypes of Phasianus colchicus, Gallus domesticus and Meleagris

gallapavo, all members of the order Galliformes. They found that

Gallus and Phasianus, both members of the family Phasianidae

showed distinct differences in chromosome morphology. However

there was no detectable difference between the chromosomes of

Phasianus colchicus and Meleagris ag_...111pays, species belonging to

two distinct families. These authors concluded that, "The possibility

remains that during the evolution of these two divergent species from

an ancestral form of the Order Galli, the original chromosomes set

remained relatively unchanged, "

Slizynski (1964) in a report on chromosomes of a hybrid duck

remarked,

Class Ayes is characterized cytologically by great uni-
formity of the karyotype in all its taxonomical groups.
All birds so far studied contain few (6-8) pairs of
relatively large chromosomes (including the sex chromo-
somes) called by Matthey macro-chromosomes (1949)
and a varying number (up to 40 pairs) of short dot-like
chromosomes, microchromosomes of Matthey. In
this respect the birds are similar both to the Reptiles
and to the Monotremes.

Other studies of avian chromosomes in the middle 1960's in-

clude those of Ford and Woo llam (1964) who worked with testicular

chromosomes of the domestic chicken. They determined that, "The

number of chromosome pairs at meiosis is constant and is most
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probably 40 (although 39 or 38 is possible) in Gallus domesticus. "

However, they concluded that, "The diploid chromosome number at

mitotic metaphase cannot be certainly determined by light micro-

SCOpy If

In the same year Ohno, Stenius, Christian, Becak and Becak

(1964) made a study of chromosomal uniformity in several orders in

the avian subclass Carinatae, In their report the macrochromosomal

complement of members of the Orders Passeriformes (canary),

Columbiformes (pigeon), Psittaciformes (parakeet), Anseriformes

(duck), and Galliformes (jungle fowl, Japanese quail, and a turkey-

pheasant hybrid) were compared morphologically, From this com-

parison Ohno concluded that birds as a group show a marked uniformity

in total chromosome area and that this uniformity "extends to their

karyotypes as well. "

All the species studied by Ohno et al, (1964) with one exception

(the parakeet),

had a diploid number of about 80 with complements
consisting of nine pairs of macrochromosomes which
comprised 22 to 30 percent of the total area. The para-
keet had a diploid number of about 60 with 12 pairs of
macrochromosomes and about 36 microchromosomes
which comprised only 15 percent of the total area,

Ohno also found that in all the species he examined, the Z chromosome

could be identified with certainty, In each case the Z or sex chromo-

some was in the same size range as the fourth, fifth or sixth largest
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autosomes. In addition, a W chromosome could be identified in both

the canary and the pigeon and in each was a "mediocentric element

two-thirds as large as the Z. " While earlier investigators (Frederic,

1961; Schmid, 1962) had reported a W chromosome in the domestic

fowl, Gallus domesticus, Ohno was unable to identify such a chromo-

some with any certainty in that species. This agrees with the present

author's own work (Ryan, 1967, p. 8) in that a W-chromosome cannot

be readily identified in female chickens. However, in view of the

findings of Frederic and Schmid plus his own findings in the canary

and pigeon, Ohno concluded that the female sex chromosome consti-

tution of avian species belonging to the subclass Carinatae is

"probably ZW, not ZO. "

Progress in avian cytogenetics accelerated in 1966 with publi-

cation of 17 new karyograms for species in six orders (Renzoni, 1966;

Ray-Chaudhuri, 1966; Hammer, 1966; Thorneycroft, 1966). The

work of Renzoni included karyograms of the following birds from the

Falconiformes and the Strigiformes: the kestrel (Falco tinnunculus

2n = 52), a buzzard (Buteo buteo 2n = 68), an unidentified falconid

(probably a sparrow hawk Accipiter nisus 2n = 64), the tawny owl

(Strix aluco 2n = 82), the barn owl (Tyto alba 2n = 92) and the little

owl (Atene noctua 2n = 82). Renzoni pointed out that Falco

tinnunculus with a diploid number of 52, "shows the lowest number

recorded for the Carinatae. " (Note: Excepting the pre 1940 work of
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several authors whose results are suspect because of the inadequate

technique available at that time. Many, if not all, of these early

works have since been proven in error when new techniques were

applied to the same species,) The buzzard with 68 chromosomes and

the unidentified hawk (probably AccipLiteL° nisus) with 64 chromosomes

also have some of the lowest diploid numbers reported for any of the

carinatae. Only the budgerigar (Melopsittacus undulatus 2n = 58)

studied by van Brink (1959) shows a lower chromosome number for

any species examined by modern techniques up to 1966.

The most remarkable finding of Renzoni, however, concerns

the Z or sex chromosome. As pointed out above, all avian species

previously studied had a Z- chromosome fourth or fifth in size; how-

ever, in the kestrel, tawny owl and little barn owl, the Z was re-

ported to be the largest member of the set. Further, in the kestrel

and the tawny owl, the Z was found to be acrocentric whereas in all

other Carinatae it is described as metacentric.

Hammer (1966) studied the karyotype of nine species of birds

including four species of ducks (Anseriformes), each with a diploid

number around 80, a member of the Columbiformes (Columba

palumbus 2n = 78+), two species in the Passeriformes (Pica pica

2n = 76+ and Phoenicurus phoenicurus 2n = 76+) and, of greatest in-_

terest to this study, two gulls Larus canus and Larus ridibundus in

the Order Charadriiformes, The chromosomes of these latter two
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species will be discussed at greater length below under a general

consideration of the Order Charadriiformeso

Ray-Chaudhuri, Ray-Chaudhuri and Sharma (1966) examined the

W-chromosome in the jungle babbler Turdoides s, striatus and the

red-breasted parakeet Psittacula alexandri fasciata which are Indian

species belonging to the orders Passeriformes and Psittaciformes

respectively, They found both sexes of both species had a diploid

chromosome number of 68. In the females of each species they

found ", o e a chromosome of small size without any homologue. " This

chromosome "is presumably the W chromosome° " They conclude

their paper with the remark:

Thus the difficulty in studying meiosis in heterogametic
females and the close similarity of the W chromosome with
the microchromosomes which are usually large in number
in birds make the identification of the W chromosome not
an easy job° However, proper karyotype analysis of both
macro- and microchromosomes from well spread plates
may help to find out the sex chromosome constitution in
female birds of more and more species°

It is my opinion that Ray-Chaudhari, Ray- Chaudhuri and Sharma's

positive identification of the W-chromosome in these two species is

doubtful; especially when we note that these authors went so far as to

pair up 66 autosomes including all 52 microchromosomes which ap-

pear to me from the photographs to form a continuous series from

largest to smallest° Such pairing would imply that they were able to

identify each individual microchromosome--an impossibility, I feel
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that at least ten other microchromosomes could just as easily be

identified as the W- chromosome,

Thorneycroft (1966) was the first and only investigator to report

a case of chromosomal polymorphism in any avian species. He found

five distinct karyotypes in a study of 35 white-throated sparrows from

a single deme in Ontario, Canada, This species is phenotypically

polymorphic; however, the exact relationship between the phenotype

and the chromosome constitution of the morphs was not established.

This sudden blossoming of avian cytogenetics between 1955 and

1966 deserves some comment° Prior to the mid 1950's most studies

of bird chromosomes were conducted on squashed or sectioned mate-

rial that had been fixed immediately after removal from the animal.

In such material, lacking any pre-fixation treatment and often in-

adequately fixed, the microchromosomes tend to clump together while

the macrochromosomes often overlap each other as well as overlapping

or covering completely some of the microchromosomes, Obviously,

under such conditions, any precise determination of chromosome

number or morphology is nearly impossible, I must say "nearly" im-

possible, however, because of the truly remarkable work of members

of the so-called "Japanese school" of cytogenetics, particularly Oguma

and Yamashina, who came very close to describing what we now be-

lieve to be the correct chromosome complement of certain avian

species, Oguma (1937 as quoted in Itoh et al. , 1969) counted 66
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chromosomes in the gull Larus argentalus vegae and Yamashina

(1941) counted 80 chromosomes in the domestic duck Anas platyrhyn-

chos, And these are just two examples out of about 25 species studied

by these investigators where their counts agree very well with more

recently established diploid numbers and karyograms constructed

using modern techniques.

The improvements in technique, developed during the 1950's,

that permitted more accurate description of avian chromosomes are

four (Ryan, 1967):

1. The use of tissue culture where cells are either sus-
pended in a nutrient medium or form a monolayer on
a glass surface, Such a technique allows for rapid and
thorough fixation, and in addition permits the investi-
gator to subject the cells to any of a number of pre-
treatments designed to improve the number and ap-
pearance of chromosomal figures,

2. Colchicine pretreatment. In the middle 1950's Ford
and Hamerton (1956) and Tjio and Levan (1956) observed
that the chemical agent colchicine, which had been used
for almost 20 years by plant cytogeneticists to pre-
vent spindle formation during mitosis, had the same
effect on animal cells. It thus became possible to
block mitosis at metaphase and accumulate large num-
bers of cells suitable for cytogenetic analysis,

3. Hypotonic pretreatment, Once again applying a tech-
nique borrowed from plant cytologists, Makin. and
Nishimura in 1952 showed that by placing animal tis-
sues in a hypotonic solution (distilled water) for a few
minutes prior to fixation, the chromosomes of dividing
cells could be dispersed throughout the cytoplasm,
thus reducing the clumping and overlapping of chromo-
somes that had plagued cytogeneticists for so long,

4. Air drying of pretreated cells. Although the use of
colchicine aided in accumulating cells suitable for
study and hypotonic pretreatment scattered the



13

chromosomes, such cells were difficult to study be-
cause the chromosomes did not all lie in a single
focal plane, The squash and air-dry methods force
the chromosomes to lie in one plane on the surface
of the slide where they can easily be studied with a
minimum of focusing. Photomicrographs of such
chromosomal spreads are easily taken and errors in
chromosome characterization minimized,

It was through application of these techniques that the advances

of the 1960's described previously came about, Additional recent

advances in avian cytogenetics included the first description (Ryan

and Bernier, 1968) of a spontaneous chromosome aberration: a

reciprocal translocation in Gallus domesticus. Finally in 1969 the

first attempts at truly comparative studies of karyograms from

several related species began to appear (Ray-Chaudhuri, Sharma and

Ray-Chaudhuri, 1969; Jovanovic and Atkins, 1969; Itoh, Ikeuchi,

Shimba, Mori, Sasaki, and Makino, 1969; Castroviejo, Christian and

Gropp, 1969),

Ray-Chaudhuri, Sharma and Ray-Chaudhuri (1969) compared the

karyotypes of eleven species in the orders Galliformes, Columbi-

formes, Psittaciformes, Strigiformes, and Passeriformes, They

discussed the previously published work of other authors and com-

pared it to their own results as follows:

The presence of large numbers of microchromosomes in
birds also excludes a considerable amount of genetic mate-
rial from critical analysis, yet in cytological clarity the
macrochromosomes are comparable to the chromosomes
of any other group. Moreover, being fewer in number, it
appears probable that the number of individually
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recognizable chromosomes or so-called marker chromo-
somes are comparatively more numerous in this group.
In a rough estimate from a random sample of 19 species
of birds from various families it has been found thai- out
of a total of 151 macrochromosomes in these species
there are at least 71 marker chromosomes. This is a
distinct advantage for comparison of idiograms of groups
of birds of different taxonomical categories in order to
derive possible homologies between chromosomes in
different species (Ray-Chaudhuri et al. , 1969).

In this paper Ray-Chaudhuri et al., make perhaps the first

attempt to compare the chromosomes of different species in the five

orders examined. Their findings were as follows:

In the Galliformes there was "a rough overall similarity among

the six different species, five belonging to the family Phasianidae and

one to Meleagridae... " For this order they conclude, "In the evo-

lution of the karyotype in Galliformes, structural changes in chromo-

somes have played a comparatively minor role. The whole order is

conservative in this respect. " With reference to the order

Psittaciformes they found, "The picture is again of a good deal of

conservatism when the karyotypes of three species within a single

genus Psittacula are compared."

In the order Strigiformes Ray-Chaudhuri et al. examined

chromosomes from only a single species, Athene brama, but were

able to compare this species with the previously published karyo-

grams (Renzoni et al., 1966 and Krishan, Haiden and Shoffner, 1965)

of A. noctua, Strix aluco, and Tyto alba and Bubo v. virginianus. They
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found that the two species of the Genus Athene were similar to each

other as were the two genera Strix and Bubo. On the other hand,

"The chromosomes of Tyto alba are radically different from the other

four species; it has not only the highest diploid number so far re-

corded in birds, but also all its chromosomes except the Z and W are

distinctly acrocentrics. " Unfortunately, no attempt was made to re-

concile this distinctly different karyotype with the phylogenetic rela-

tionship implied by the classification of these birds in the same

order.

In the order Columbiformes three species have been examined

and Ray- Chaudhuri et al. (1969) concluded, "The morphology of the

nine big pairs of chromosomes is almost similar in the two species

of Columba, " and, "When the chromosomes of Streptopelia are

compared to those of Columba species a striking similarity is ob-

served between them. "

Finally, in the order Passeriformes, where data were avail-

able from species belonging to seven different families, Ray-

Chaudhuri et al. (1969) found, "In general the idiograms of the macro-__

chromosomes in different families are so different that they are not

suitable for effective comparison. "

Thus, with the exception of the Passeriformes, the overall pic-

ture presented by Ray-Chaudhuri is one of great uniformity within

each order except for the single case of Tyto alba which had a
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karyotype quite unlike that of any bird studied previouslyo

Another comparative study appearing in 1969 was that of

Castroviejo, Christian and Gropp on the karyotype of four species

of Passeriformes (Passer domesticus, Passer montanus, Parus

major and Parus palustris). They found that: "No gross chromo-

somal differences exist in Passer domesticus and P. montanus, "

In the genus Parus on the other hand: "Cytogenetic differences in-

volving the Z chromosome and the fifth pair of autosomes have been

found to exist in Parus major and P. palustris. " However, when the

genus Passer was compared to Parus some "marked gross differ-

ences" were revealed. They concluded: "The findings of gross

chromosomal differences between the two genera is suggestive of an

independent karyotypic and phyletic evolution. "

With the exception of these most recent studies (Ray-

Chaudhuri et al., 1969; Jovanovjc and Atkins, 1969; Itoh et al, ,

1969; Castroviejo et al, , 1969) there has been no recent attempt at

comparative karyology in the class Ayes. And even these few com-

parative studies have of necessity included species from several

distantly related orders rather than concentrating on a single order

or a few closely related orders. As a result, none of these studies

was able to generate any meaningful conclusions regarding the

phylogenetic relationships among presumably closely related species.

The present study is, to the best of my knowledge, the first
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attempt ever made to examine the karyotypes of a considerable

number of species in a single order and to attempt to draw tentative

conclusions about the possible evolutionary relationships among them.

The subject of this study, the order Charadriiformes, is a

diverse cosmopolitan order, containing 16 families which fall roughly

into three groups, each of which is sometimes given subordinal rank

(Wetmore, 1951; Mayr and Amadon, 1951). The first group includes

the 12 families of wading or shorebirds; the second combines the

shuas, the gulls and terns, and the skimmers; the third combines the

auks, murres and puffins (Austin, 1967, p. 162). Classification of

the 305 species in this superficially diverse order is based on ana-

tomical similarities involving the type of palate bones and larynx and

the manner of insertion of the tendons that connect the leg muscles to

the toes. Adult members of the Charadriiformes vary in length from

5 to 32 inches and in general display little or no sexual dimorphism.

The fossil record for the order goes back about 75 million years

to the Paleocene, The Charadriiformes seem most closely related on

one side to the Gruiformes (cranes, rails, coots and their allies)

which in turn are apparently closely related to the Galliformes

(chicken-like birds), On the other side they appear to be related to

the Columbiformes (pigeons) and Psittaciformes (parrots and their

allies).

In this present study chromosome complements of species from
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each of the three suborders were examined and compared. The

study included the black oystercatcher (Haematopus bachmani), the

common snipe (Capella gallinago), the American avocet (Recurviros-

tra americana), and the western willet (Catoptrophorus semi-

all from Suborder I. [The wondering tattler (Heteroscelus

incanum) also a member of Suborder I, was examined but no karyo-

gram could be prepared for this species. ]

Examined from Suborder II were three gulls; the western gull

(Larus occidentalis), the California gull (Larus californicus) and

Heermanns gull (Larus heermanni). In addition, testicular material

from the black tern (Chlidonias niger) was prepared and photo-

graphed.

In Suborder III only one species, the pigeon guillemot (Cepphus

columba) was studied; fortunately both male and female specimens

of this species were collected and examined. Thus chromosomes

from a total of ten different species representing five families in the

single order Charadriiformes were examined and compared in this

study.
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METHODS AND MATERIALS

The birds examined in this study were collected from several

locations along the Oregon coast near Newport, and in southeastern

Oregon near the Malheur Game Refuge. Specifically, both of the

pigeon guillemots and the single wandering tattler were taken at

Marine Gardens south of Cape Foulweather; the black oystercatcher

and the western gull were shot at Yaquina Head on the cobblestone

shingle beach immediately south of the lighthouse; and the Heermann's

gull was collected on a sandy beach north of Seal Rock, near where

Beaver Creek empties into the Pacific.

Birds collected in southeastern Oregon include a Wilson's snipe,

a California gull and a western willet all of which were taken on the

edge of a pond east of state highway 205 south of Burns. The Ameri-

can avocet and the black tern were also collected near the Malheur

Game Refuge from a marshy field west of highway 205. Other birds

taken in this study but which were not used because their cells could

not be successfully cultured include the following: a pair of Wilson's

phalaropes (Stoganopus tricolor), a Caspian tern (Hydroprogne caspai),

a small unidentified white gull (probably Bonepart's gull Larus

philadelphia) and two killdeers (Charadrius vociferus).
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Bone Marrow Culture Procedure

After each bird was shot (a 16 gage shotgun and number 7 bird

shot were routinely used), it was immediately labeled and identified

by number. The long bones of the legs were dissected out, cleaned

of muscle, and split longitudinally using a pair of surgical scissors.

The bone marrow thus exposed was scraped out and placed into a

nutrient culture medium at room temperature (22-24°C). The marrow

was aspirated vigorously two or three times to break up clumps of

cells and to disperse the cells throughout the medium. With the

larger birds (gulls, guillemots and avocets) it usually was possible

to obtain enough bone marrow to establish two cultures; however, with

the smaller birds only a single culture could be set up. In every case

approximately 0.5 cc of marrow was added to each culture vial.

Early in the study marrow taken from the bones of the wings

was used to inoculate cultures. This source of marrow was later

abandoned when it was found to have such a high lipid content that the

resulting cultures could not be successfully harvested. Attempts were

also made, unsuccessfully, to work with tissue from the liver and

spleen of some of the smaller birds as well as embryonic tissues

from the eggs of California gulls, ring-billed gulls and killdeers,

The medium used for culturing the bone marrow cells was ob-

tained from Difco human chromosome culture kits (Difco Laboratories,
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Detroit, Michigan). These kits are normally used for propagating

human leukocytes for chromosomal analysis. This medium, which

proved to be quite satisfactory for short term culture of avian cells,

was used because of its availability and ease of handling° The freeze-

dried medium is provided in the proper quantity in individual culture

vials so that the investigator need only add distilled water to recon-

stitute the medium prior to inoculating it with bone marrow.

Following inoculation the cultures were incubated at room tem-

perature for 24 hours and at 39. 5° C for an additional five to eight

hours. A mitotic arresting agent such as colchicine, Colcemid

(CIBA Pharmaceutical Company) or Velban (vincablastacine) was then

added to the culture in order to accumulate cells in metaphase of

mitosis, The cells remained exposed to this mitotic poison for three

hours at the incubation temperature of 39. 5°C.

Colchicine, an alkaloid extracted from the roots of Colchicum

autumnale, was first isolated by Zeisel in 1883. This agent, whose

empirical formula is C221-12506N, is believed to be the methyl ether

of an enolone containing three additional methoxyl groups, an

acetylated primary amino group and three non-benzenoid double

bonds, This water soluble chemical, which is very active in ex-

tremely low concentrations, apparently brings about a change in the

colloidal state in the cytoplasm, causing spindle disturbance by in-

creasing the fluidity of the nu dear substance (Sharma and Sharma,
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1965, p. 10). The exact mode of action, however, is not yet under-

stood. In the study of chromosomes, colchicine is applied in a low

concentration (e. g. 0.5 percent for one hour) causing straightening

of chromosome arms and permitting easy study of the constriction

regions. As Sharma and Sharma (1965, p. 12) point out

One of the most essential requisites in the use of this
alkaloid is that the tissue must be thoroughly washed to
free it of colchicine before fixation; otherwise the super-
ficial deposition of this alkaloid hampers visibility of the
chromosomes and penetration of the fixative. It is al-
ways necessary to use a rapidly penetrating fluid such as
acetic-alcohol after colchicine treatment, as otherwise
the nuclei may rapidly enter into the resting phase at the
time of fixation.

Harvesting of Arrested Cells

Following three hours of exposure to colchicine each culture

was transferred to a 15 cc conical centrifuge tube and centrifuged at

800 rpm (190 RCF) for 12 minutes. The supernatant liquid was dis

carded and the button of cells resuspended in 5 ml of Hank's physio-

logical salt solution which had previously been warmed at 39. 5°C,

The isotonic Hank's solution served to wash the cells and further

disperse all clumps of cells remaining in the culture. This cell sus-

pension was again centrifuged at 800 rpm for five minutes and all but

0. 5 cc of the supernatant Hank's solution aspirated off and discarded.

The button of cells was then resuspended in the 0. 5 cc of Hank's solu-

tion prior to the next step.
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A hypotonic environment was then created for these cells by

adding, drop by drop, 1. 5 ml of warm (39. 5° C) distilled water to

the 0. 5 ml suspension of cells. The resulting cell suspension was

incubated for 10 minutes at 39.5°C. This hypotonic treatment prior

to fixation serves to swell the cells and to disperse the metaphase

chromosomes throughout the cytoplasm.

After a series of unsuccessful culture attempts in the early

summer of 1969, the pH of the distilled water, which had been used

to produce this desired hypotonic solution, was found to be distinctly

acidic (pH 4. 5). After adjusting the pH of the distilled water back to

approximately pH 7 by adding 5 to 10 drops of buffer no further dif-

ficulty resulted. As Sharma points out (Sharma and Sharma, 1965,

p. 30):

The distinct response of nucleus and cytoplasm to such
dilute solutions as isotonic calcium chloride, tap water
or even re-distilled water suggests the existence of an
extremely subtle metabolic equilibrium necessary for
the functioning of the spindle and maintenance of chromo-
some structure. Any change in the medium, however
minimal the chemical composition may be, may upset
the balance, resulting in spindle disturbance and con-
traction of the chromosome and its segments.

When swollen by the hypotonic solution, the cells are very liable

to mechanical damage and must be handled with special care to avoid

rupturing them. Vigorous shaking or rapid centrifugation at this

point can greatly reduce the number of metaphase chromosome

spreads. To harvest these cells from the hypotonic solution the
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suspension was gently centrifuged at 600 rpm (110 RCF) for five

minutes.

Fixation of Cells

After centrifugation the supernatant was carefully aspirated

off and discarded and the button of cells remaining then fixed in

Carnoy's fluid. This acetic acid-ethyl alcohol mixture, first in-

troduced by Carnoy in 1886, is known to be one of the most rapidly

penetrating and quickly acting fixatives for chromosome study.

Sharma and Sharma (1965) state that: "For the study of animal

chromosomes, where fats remain associated with several organs,

such as testes, etc., Carnoy's fluid is exceptionally useful, " In

this study, Carnoy's acetic alcohol (three parts alcohol:one part

acetic acid) was used to fix all tissue prior to slide preparation.

To insure proper fixation the acetic-alcohol fixative was

freshly prepared immediately prior to its use. Only reagent grade

chemicals were used to insure purity, and the absolute ethanol used

was kept stored in full bottles to prevent dilution by atmospheric

moisture. To further reduce the water present, as far as possible

all of the supernatant fluid overlying the button of cells was removed

before the fixative was added. Fixative was introduced very gently

down the side of the centrifuge tube to avoid disrupting the button of

cells. The cell button was then allowed to soak in the fixative at
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5°C. At the end of 30 minutes the fixed cells were gently resuspended

in the overlying fixative by bubbling air over the button of cells using

a Pasteur pipette with bulb. The suspension of cells was again cen-

trifuged at 600 rpm (110 RCF) for five minutes and the supernatant

discarded. Fresh fixative was added and the cells again resuspended.

After soaking for five minutes the cells were centrifuged once more

at 600 rpm and the supernatant discarded. By repeating this pro-

cedure two or three times the cells were washed and thoroughly fixed.

At this point the cells could be stored for several days or even weeks

until permanent slides could be prepared.

Preparation of Slides

Slide preparation proved to be one of the more critical steps

in the study of shore bird chromosomes, Such techniques as blaze

drying, squashing, and smearing, which work so successfully with

human chromosomes, were found to be totally inadequate for avian

chromosomes. Very inferior chromosome spreads inevitably resulted

when such techniques were applied to bone marrow cells, To obtain

useful chromosome spreads it was necessary to resuspend the fixed

cells in a 45% aqueous solution of acetic acid and then air dry this

suspension onto chemically cleaned microscope slides or cover slips

warmed to 60° C on a slide warming plate (Ford and Woo llam, 1963).

Tiny droplets of the suspension were placed on the warm slides and,
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using a fine air stream, the droplets were gently blown over the

slide surface. As the droplets move over the slide, cells are de-

posited on the glass and immediately dry onto its surface. In this

way non-overlapping chromosome spreads were routinely obtained.

The general technique of air drying cells from a 45% acetic acid sus-

pension was first applied to avian tissues by Ford and Woo llam (1964)

for the study of testicular chromosomes of Gallus domesticus. Later

J. J. T. Owen (1965) used the same technique for studying mitotic

chromosomes from 14-19 day chick embryos.

Slides or cover slips produced in this manner were stained for

30 minutes in lactic-acetic-orcein (Welshons et al. , 1962) which was

prepared by adding two grams of orcein to a mixture containing 50 ml

of glacial acetic acid, 42.5 ml of 85% lactic acid and 7.5 ml of dis-

tilled water. After staining, the slides were dehydrated through an

alcohol series without xylol and mounted in Euparal Vert. Lactic-

acetic-orcein, which was found to be the most useful stain for shore-

bird chromosomes, has the advantage of destaining less rapidly than

plain aceto-orcein and of being less prone of become "grainy" during

storage. In temporary mounts it does not evaporate nearly as rapid-

ly as aceto - orcein; as a result such preparations could be examined

for several hours or even days without their drying out.

All permanent slides were immediately labeled by scribing the

bird identification number on the right hand side using a diamond
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stylus. Since the birds themselves were tagged with this number

immediately after capture, and their carcasses preserved by refri-

geration, any confusion about the source of a particular karyotype

was avoided.

Slide Analysis and Preparation of Karyograms

Slides were surveyed under phase-contrast optics (Carl Zeiss

trinocular microscope with Neofluar objectives), and suitable

chromosome spreads catalogued by noting their rectangular co-

ordinates on the mechanical stage. These spreads were then ex-

amined individually under oil immersion optics and potentially

analyzable spreads photographed with a Polaroid land camera,

These 3-1/4 x 4-1/4 Polaroid pictures could be studied at leisure

and preliminary karyograms prepared by cutting out the individual

chromosomes and taping them to a 5 x 7 index card.

Final, permanent karyograms were prepared by photographing

selected spreads with a 35 mm camera (Nikon single lens reflex)

using ultra high contrast copy film (Kodak microfile). These nega-

tives were printed onto 8 x 10 Kodabromide F3 double weight paper

developed in Dektol and made glossy by drying face down on a metal

print dryer. These glossy prints were then cut up and karyograms

prepared by pasting the chromosomes onto railroad board. Eight by

ten inch negatives were then made from these karyograms which
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were in turn printed onto 8-1/2 x 11 light weight Kodak AD-type

paper.
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RESULTS

Successful bone marrow cultures were achieved for eight

species of shorebirds (order Charadriiformes) and c-mitotic chromo-

some spreads prepared from each. In addition, meiotic prophase I

chromosomes were observed in testicular material from a single

black tern. Finally, one species, the wandering tattler Heteroscelus

incanum, although successfully cultured, produced such inferior

chromosomes that detailed analysis of this species was not possible.

However, sufficient detail of the macrochromosomes from this

species (Figure 11) could be seen to confirm its close relationship

to two other species (snipe and willet) of special phylogenetic interest.

Chromosome complements of the following species of shore-

birds were studied from cultured bone marrow cells.

Order Charadriiformes

Suborder I (Charadrii)
Family Haematopodidae

Black Oystercatcher
Family Scolopacidae

Wilson's Snipe
Western Willet

Wandering Tattler
Family Recurvirostridae

American Avocet

Haematopus bachmani Audubon

Capella gallinago (Linnaeus)
Catoptrophorus semipalmatus

(Gmelin)
Heteroscelus incanum (Gmelin)

Recurvirostra americana
Gmelin



Suborder II (Lari)
Family Laridae

Western Gull
California Gull
Heerman,n's Gull

Suborder III (Alcae)
Family Alcidae

Pigeon Guillemot

Larus occidentalis Audubon
Larus californicus Lawrence
Larus heermanni Cassin

Cepphus columba Pallas

Meiotic chromosomes were described from one male tern

classified as below:

Order Charadriiformes

Suborder II (Lari)

Family Laridae
Black Tern Chlidonias niger (Linnaeus)

30

In addition, the chromosome complement of the domestic chick-

en (Gallus domesticus) as described from cultured leukocytes, is in-

cluded for purposes of comparison. This member of the order

Galliformes was found to possess a karyotype remarkably similar to

certain of the shorebirds; this karyotype possibly represents a primi-

tive or ancestral chromosome complement.

All of the birds used in this study (with the exception of the

chickens, which were provided by the Poultry Department of Oregon

State University) were collected under the rules and regulations of

Federal bird collecting permits. The migratory bird collecting
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permit issued to me by the Bureau of Sport Fisheries and Wildlife

of the U. S. Department of the Interior restricted my collecting to no

more than two adults and four eggs of each species. As a result of

this restriction, I was not able to include members of both sexes from

all species since I often collected my legal limit (2) of a species be-

fore I had successful cultures from both male and female. Thus, for

all species except the pigeon guillemot (Cepphus columba), a single

bird provided the material for chromosome analysis. In the case of

the pigeon guillemot the first two birds killed included a male and a

female, and fortunately a culture prepared from each was successful.

Obviously, since such a small sample of each species was ex-

amined, the karyotypes illustrated here must be interpreted with

caution. It should be kept in mind that the single bird examined from

a given species might be carrying an abnormal complement of chromo-

somes and thus not be representative of the species as a whole. Only

detailed examination of large numbers of cells from several birds of

the same species will verify the karyograms presented here. It

should be pointed out, however, that birds are known as a conserva-

tive group cytogenetically (Slizynski, 1964; Ray- Chaudhuri et al. ,

1969) and that only a single case of chromosomal polymorphism has

been reported from birds (Thorneycroft, 1966), thus we can be rea-

sonably certain that the karyograms presented here are representa-

tive of the species.
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Since in most cases only a single bird represents an entire

species, it often was not possible to determine exactly which chromo-

some pair is the sex or Z chromosome. We do know that in all birds

so far studied, the female is the heterogametic sex (ZW or ZO) with

the Z chromosome usually being a metacentric element ranking fourth,

fifth or sixth in overall length. Thus in those female birds included

in this study (pigeon guillemot, California gull, western gull and black

oystercatcher), it was possible, tentatively, to assign the Z designa-

tion to an unpaired element in the size range of the fifth or sixth

chromosome.

In addition to these difficulties in identification of the sex

chromosome, problems were also encountered when a precise, exact

count of the total chromosome number was attempted. As was pointed

out earlier, bird chromosomes are notorious for being difficult to

count accurately and many observers confine themselves to a de-

scription of the so-called macro chromosomes.

In this study determination of total diploid number has been at-

tempted. However, because of the impossibility of identifying the

smaller elements only the macrochromosomes will be presented in

the following karyotypes. These karyotypes are arranged in phylo-

genetic order following the taxonomic sequence shown above. In each

the chromosomes are arranged in descending order according to their

overall length.
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In those cases where it was possible tentatively to identify the

Z and W chromosomes, these elements are so labeled and placed

together in the karyogram. In the case of the western gull (Figure 5)

an unpaired acrocentric element, which may or may not be the W-

chromosome, was observed. Because of the questionable status of

this chromosome it was separated from the Z-chromosome and labeled

W followed by a question mark.

Finally, the chromosomes of the black tern are shown just as

they appeared in their meiotic prophase I configuration.
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Figure 1 Black Oystercatcher Haematopus bachmani
Female karyotype (X2100)
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Figure 2 Wilson's Snipe Capella gallinago
Male karyotype (X1800)
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Figure 3 Western Willet Catoptrophorus semipalmatus
Male karyotype (X2000)
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Figure 4 American Avocet Recurvirostra americana
Male karyotype (X2000)
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Female karyoty176-72200)
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Figure 6 California Gull Larus californicus
Female karyotype (X2200)
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Figure 7 Heermanns Gull Larus heermanni
Male karyogram (X3300)
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Figure 8 Pigeon Guillemot Ce hus columba
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Figure 10. Meiotic Chromosomes of Black Tern
Chlidonias niger (X3600).
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Figure 11. Mitotic Chromosome Spread from Wandering
Tattler Heteroscelus incanum (X3600).
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DISCUSSION OF RESULTS

The following analysis and discussion of the karyotypes pre-

sented above will include a brief description and classification of the

chromosome complement of each species or group of species in one

genus. While each karyotype is being described, comments will be

inserted regarding the possible structural rearrangements that might

have produced the observed differences among the several species.

Since this is intended to be a comparative study of shorebird chromo-

somes, it is essential that such speculative interpretations be made.

However, one should keep in mind that although this spectulation is

based on careful examination of many karyotypes over a period of two

years there still are some very large gaps in our knowledge of ver-

tebrate chromosome complements. Analysis of avian karyotype evo-

lution is especially difficult and speculative because of the dearth of

karyotypic information from the great majority of orders and families.

Future work will fill in these gaps in our knowledge and may provide

information refuting the conclusions reached here. I believe, how-

ever, that the following evaluation is sound. Several considerations

lead to this conclusion.

First, several authors have remarked that birds as a group

show great uniformity of chromosome sets (Renzoni and Vegni-

Talluri, 1966; Ohno, Stenius, Christian, Becak and Becak, 1964).
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Other investigators have reported similar findings. For example,

Hammer (1966) found that, "The near-related species are quite

identical in karyotype and systematically well-separated species have

distinct differences in chromosome complement. " Hammer goes on to

state,

The large similarities in karyotype between near-related
bird species are not restricted to Galliformes and
Anseriformes but seem to be valid also for other groups
of birds. In this respect Ayes differ considerably from
Mamma lia, in which class near related species usually
differ clearly both in chromosome number and structure.
It is probable that speciation in birds is of a very special
type that permits different species to have the same
karyotype and still be different species.

If such uniformity of karyotype is typical of birds, then any

lack of uniformity between birds which have been classified as closely

related would be reason to re-examine this classification.

Since all of the species examined in this study were members

of the same order, it was anticipated that their karyotypes would

show a considerable degree of similarity. While it is obvious from

examination of the photographs above that the three species of gulls

possess virtually identical chromosome sets, and similarity between

the gulls, guillemots and oystercatcher is apparent; the chromosomes

of the snipe, willet and wondering tattler (all family Scolopacidae)

are distinctly different from the other species.

Before beginning a discussion of the individual karyotypes and

the possible evolutionary relationships in this taxon, it would be well



48

first to examine the mechanisms that are believed to result in the

evolution of karyotypes.

Structural Evolution of Karyotypes

Changes in the karyotype of a species are believed to occur

through three main types of chromosomal rearrangements. The first

of these, Robertsonian fusion (Robertson, 1916), involves a type of

translocation in which two acrocentric chromosomes fuse to form a

single metacentric element plus a centromere with very short arms

attached to it (Mayr, 1963, p. 444).

Usually this small fragment is eliminated since the new meta-

centric element includes all of the essential genetic material and the

fragment is expendable. When such a Robersonian or "centric" fusion

occurs, we can expect to find that the haploid chromosome number of

the organism has decreased by one, a new metacentric element ap-

pears, and two acrocentric elements disappear.

The second type of rearrangement is essentially the reverse of
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this, That is centric fission in which a single metacentric element

breaks to form two acrocentric chromosomes.

A A

Some authors (Mayr, 1963, p. 446; White, 1957) have disputed the

existence of such fission because it would, presumably, require the

creation of a new centromere since each of the two new chromosomes

must receive a centromere and the original metacentric element had

but one to contribute. If we accept that centric fusion is a more

likely type of rearrangement than centric fission we would expect to

find a trend toward lower haploid numbers with continued evolution,

That is, the ancestral karyotype of a group might contain several

acrocentric elements and have a high diploid number, while an ad-

vanced member of the group would have a lower chromosome number

and a karyotype with more metacentric elements and fewer acro-

centrics.

A third type of rearrangement which can alter a karyotype is

pericentric inversion which will alter the morphology but not the over-

all length of a chromosome (Swanson, 1957, p. 170). For example,
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if a metacentric chromosome should undergo a pericentric inversion

as shown below, the result would be a subtelocentric element. This

new chromosome would contain all the genetic material of the original

except in a different order and would have the same overall length.

If all of the chromosomes are arranged in descending order of length,

the new chromosome would have the same rank as the original. Of

course, a pericentric inversion could also serve to change an acro-

centric chromosome into a metacentric chromosome. Other types of

chromosomal changes such as reciprical translocations can also act

to alter the karyotype of a species and at least two such translocations

have been described from birds (Newcomer, 1959; Ryan and Bernier,

1968). It is probable, however, that centric fusion and pericentric

inversion are the major factors in karyotype evolution.

With this in mind, we can now interpret the karyological data

presented previously and attempt to draw tentative conclusions about

the origin of the Order Charadriiformes.

It is hoped that this analysis will demonstrate the following:
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1) That the gulls (family Laridae in Suborder II) and the pigeon

guillemot (family Alcidae in Suborder III) have generally similar

chromosome sets and are probably commonly descended from the

same ancestral shorebird line.

Z) That considerable karyotypic variation exists in Suborder I

and that members of this group appear to be less closely related to

the other two suborders.

3) That at least one family (Scolopacidae) in Suborder I is

karyotypically so distinct as to lead one to suspect the monophyletic

origin of this order,

Before describing in detail the chromosome complement of these

shorebird species, it would be well to review the nomenclature for

centromeric position on chromosomes. In the description of chromo-

somes the position of the centromere is the most useful landmark and

one characterized by great constancy. Unfortunately, the terminology

of centromeric position has not been formally standardized and as a

result much confusion exists as to just what a particular author means

when he refers to a "metacentric, " "submetacentric, " "telocentric"

or "acrocentric" chromosome. To avoid this uncertainty I will,

throughout this work, use the nomenclature proposed by Levan et al.

(1964). This nomenclature uses the following letter prefixes as terms

to characterize the centromeric position. The arm ratio (r) is cal-

culated as the length of the longer arm divided by the length of the
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shorter arm.

Term Centromere Position Arm Ratio (r)

M Median Point 1.0

m Median Region 1.0-1.7
sm. Submedian Region 1.7-3.0
st Subterminal Region 3.0-7.0
t Terminal Region 7.0- c)
T Terminal Point oo

The correct way of describing chromosomes with centro-
meres in these four regions would be 'chromosome with
median centromere' etc. This is inconvenient, when one
has to repeat such expressions incessantly, as is necessary
in descriptive morphology papers. In old times these
concepts were expressed quite easily by 'medially in-
serted' or 'medially attached' chromosomes. To speak
of 'median chromosomes' is unpleasantly illogical. We
suggest use of the terms M, m, sm, st, t and T, alone
or in combination with the chromosome, group, type,
etc. (Levan, Fredga, Sandberg, 1964).

Although this convention will be employed wherever possible,

it will be necessary in some cases to use the less well defined terms

metacentric, submetacentric, acrocentric, etc. , when referring to

certain chromosomes whose arms could not be measured with any

degree of precision.

Interpretation of Karyotypes

We can see from an examination of Figures 5, 6 and 7 and

Table 1 that the three species of gull examined have essentially the



Table 1. Chromosome arm ratios for five species of gull (Larus).

Species:
Chromosome

Number
L.

canus
L.

ridibundus
L.

occidentalis
L.

californicus
L.

heermanni
Chromosome

Type

1 1.7 1.9 1.8 1.7 1.8 sm

2 1. 4 1. 3 1. 7 1. 6 1. 6 m

3 8. 0 6. 0 7. 0 7.0 8.0 t

4 2. 6 2.6 1. 9 2. 8 2. 4 sm

5 (Z) 1. 4 1. 2 1. 1 1.3 1.3 m

6 9.0 6.0 7.0 6. 7 7. 0 S t

7 3. 3 2. 4 2.6 2. 8 3. 1 S M.

8 2.7 3.3 1.5 2. 1 1.8 sm

9 1.6 1. 6 1. 2 1. 1 1.4 m

10 1.2 1. 1 1. 2 1. 3 1.2

Note: Arm ratios for Larus canus and L. ridibundus from Hammer (1966).
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same karyotype. In each case the total (diploid) number of chromo-

somes is approximately 70, including 10 pairs of macrochromosomes

plus an unpaired metacentric element in the female, and 11 pairs of

macrochromosomes in the male. Both male and female karyotypes

include 45 to 49 macrochromosomes in addition to these larger

elements. The presence of a W-chromosome in female gulls could

not be conclusively demonstrated; however, an unpaired acrocentric

element in the size range of chromosomes 8-10 was often observed.

In all probability this is the W-chromosome.

The following constitute the macrochromosome complement

of the three gull species examined in this study. They are presented

here in descending order according to overall length.

Chromosome number one is an sm-chromosome with an arm

ratio of approximately 1. 8. Number two has the centromere located

near the upper limit of the m or median region with an arm ratio of

1. 6 to 1. 7. Here it will be considered to be an m-chromosome. The

third largest element is a t-chromosome with only a suggestion of a

short arm in some karyotypes. The determination of arm ratio in

st- and t- chromosomes is always difficult and imprecise; regardless,

the arm ratio of this chromosome was usually measured as slightly

greater than 7. 0. Number four is an sm-chromosome with an arm

ratio near 2. 4. Number five, the Z or sex chromosome, has a ratio

varying from 1. 1 to 1.4 making it an m-chromosome. The sixth
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largest pair is represented by a st-chromosome with a very short

arm extending beyond the centromere. It has a ratio slightly less than

7. 0. Pair number seven has an arm ratio slightly less than 3.0 in

most cases and thus must be designated an sm-chromosome. Number

eight, with a ratio varying from 1. 5 to 2. 1 overlaps the m- and sm-

regions. Since Hammer found somewhat higher r values for this

chromosome, it will be placed in the sm category in this study.

Chromosomes number nine and ten both were found to have r values

near 1. 2 and thus are m-chromosomes. In some preparations 11 or

even 12 pairs of macrochromosomes could be recognized and paired

up. These smallest elements appear to be sm-chromosomes but

were simply too small to allow measurement of arm length.

This description of the general gull karyotype based on measure-

ments from three distinct species can be seen by examination of

Table 1 to compare quite closely with the results of Hammer (1966).

Although he studied species different from the three studied here, his

results, with one exception, agree within the margin of measurement

error. The one exception is chromosome number eight. Hammer

found this to be an st-chromosome with an arm ratio near 30 0 while in

this study it is classified as an sm-chromosome with an arm ratio

slightly less than 2. 0. Itoh (Itoh et al, , 1969) who studied the chromo-

somes of a sixth species of gull, the herring gull L. argentatus, also

reported that this eighth largest element (seventh largest exclusive of
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the Z-chromosome as ranked by Itoh) was an st-chromosome. How-

ever, no measurements of arm length were reported by Itoh and ex-

amination of his published karyogram of L. argentatus shows this eighth

largest element to be an sm-chromosome in agreement with the present

study.

Hammer reported a 2n number of 66 for both L. canus and L.

ridibundus. Itoh, on the other hand, found chromosomal counts to vary

from 56 to 72 in L. argentatus but his published karyotype showed 66

to be the diploid number. Probably as the result of a typographical

error, a 2n number of 82 for L. argentatus was reported by Itoh in a

summary table in the same paper. The present study found the 2n

number for L. heermanni, L. occidentalis and L. californicus to be

70 + 2.

Both Hammer and Itoh reported the presence of an unpaired W-

chromosome in female gulls. However, the former found it to be an

m-chromosome in the size range of the tenth largest macrochromo-

some while the latter reported it to be a submetacentric of the same

general size. In L. californicus and L. occidentalis, an unpaired

chromosome in the size range of number eight or nine was found and

probably represents the W-chromosome for these species. The centro-

meric position for this chromosome could not be established for these

species.

This lack of agreement on the morphology and size of this
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W- chromosome is probably due to the difficulty in identifying and

measuring the smaller macrochromosomes rather than to any intrinsic

difference among these five species. Only additional work with these

gull species plus examination of other genera will confirm or deny

these findings concerning the W-chromosomes. It is probably safe to

conclude, however, that the sex determining mechanism in the gulls

is ZW with the female being the heterogametic sex.

The karyotype of the pigeon guillemot (Cepphus columba) was

determined from one male and one female specimen. The arm ratios

for these karyotypes are shown in Table 2. Fourteen distinct pairs of

Table 2. Pigeon guillemot - chromosome arm ratios,

Chromosome
Number

Arm
Ratio

Chromosome
Type

1 1. 8 sm

2 1. 6 m

3 7.8 t
4 2, 0 sm

5 2.0 sm

6 1. 2 m

7 1.2 m

8 1. 1 m

9 1.3 m

10 1. 4 m

11 m
12
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chromosomes were found in male cells, while in female cells the

sixth largest element, an m-chromosome, was unpaired. No other

macrochromosome was unpaired in the female which suggests either

that sex is determined by a ZO mechanism or else the W is one of

the microchromosomes in this species. The diploid number in this

species is probably 70 + 2.

Unlike the situation with regard to the gull karyotypes, no other

studies of guillemot chromosomes have yet been published. Thus

independent verification of these results is not possible at this time.

However, the close correspondence between the male and female

karyotypes reported here provides some degree of internal verifica-

tion.

In C. columba we find a gradual and more or less uniform de-

crease in size as we progress from the largest to the smallest of the

14 pairs of macrochromosomes. More careful comparison of the

generalized gull karyotype with that of the guillemot reveals a marked

similarity in the larger macrochromosomes but distinct differences in

the smaller pairs. Thus we find that the first four pairs in both gulls

and guillemots are, as well as can be determined, identical. In all

five gulls and both guillemots the arm ratios were found to be the

same for these four chromosome pairs. Pair number five in the gulls

is the Z-chromosome while number six is the Z in the guillemot.

Pair number six in the gull is an st- (or acrocentric) chromosome,
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while in the guillemot there are no acrocentric elements in the size

range smaller than number three and larger than number 13. It

seems likely that this acrocentric chromosome, sixth largest in the

gull, has undergone a centric fusion with one of the larger micro-

chromosomes to become an sm-chromosome in the guillemot, The

addition of this extra material has increased the size of this chromo-

some, making it, in the guillemot, slightly larger than the Z- chromo-

some, As a result, the new chromosome becomes the fifth largest

element in the guillemot shifting the Z-chromosome to the number

six position. Thus, centric fusion would account both for the absence

of the acrocentric gull chromosome (number six) in the guillemot as

well as the difference in rank of the sex determining Z-chrornosome.

If this hypothetical rearrangement actually did occur then we

might also expect the seventh largest gull chromosome to correspond

to the seventh largest in the guillemot. This is not the case however.

In the guillemot chromosomes seven, eight, nine, ten, eleven and

twelve are all m- chromosomes with arm ratios very close to 1. In

the gull, as noted above, numbers seven and eight were both sm-

chromosomes. Pericentric inversion could account for these differ-

ences between gulls and guillemots; however, there is no direct evi-

dence for such rearrangements.

Chromosomes nine and ten possess median centromeres in both

gulls and guillemots. In the guillemot chromosomes 11 and 12 are
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distinct m-chromosomes while number 13 is a small t-chromosome.

Number 14 in the guillemot, on the other hand, appears to have a

short arm beyond the centromere and possibly corresponds to number

11 in the gull.

These six pairs of distinctly metacentric macro chromosomes

(numbers 7- 12) in the guillemot were found only in this one species.

No other species examined in this study was found to possess more

than two pairs of metacentric chromosomes in this size range. It

seems possible that in the evolution of this member of the family

Alcidae centric fusion of six to eight pairs of the larger acrocentric

microchromosomes produced these extra three to four pairs of meta-

centrics. If this were the case however, we might expect to find the

diploid number for this species to be at least eight less than the gull

(ten less if we include the proposed centric fusion of chromosome

number six to produce number five). This, in fact, is not the case

with both the gulls and the guillemot having essentially the same

diploid number of 70 + 2,

Until other members of the family Alcidae are examined using

modern techniques, we cannot speculate further about the evolution

of the auks and gulls. However, the general similarities between the

gull and guillemot karyotypes are sufficient to suggest descent along

the same ancestral evolutionary line and to justify their classification

in two suborders in the Order Charadriiformes, At the very least,
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this study provides no evidence sufficient to recommend further

separating these groups taxonomically.

Continuing our comparison of karyotypes, we find that two

members of Suborder I, the black oystercatcher and the American

avocet, also possess chromosome complements similar to those of

the gulls and guillemots in Suborders II and III.

The karyotype of the female black oystercatcher (Haematopus

bachmani) (Figure 1), a member of the family Haematopodidae in

Suborder I, shows a marked resemblance to that of the gull, especial-

ly the seven largest pairs of chromosomes. The four largest pairs are

virtually identical to those of the gull and the Z- chromosome is the

fifth largest and unpaired in the female oystercatcher just as in the

gull. Pair number six in the oystercatcher is an m-chromosome

while in the gull number six is an st- or acrocentric element. Num-

ber seven is an sm-chromosome in both the oystercatcher and the gull.

Like the oystercatcher, the American avocet (Figure 4) also

has a karyotype quite similar to the gulls. No female avocet was

taken so it is not possible to determine which is the Z-chromosome in

this species. If the avocet karyotype is compared to the gull, the

guillemot and oystercatcher, several similarities are observed. The

largest pair in each has its centromere positioned about at the dividing

line between m- and sm-chromosomes. The second largest pair in

the avocet is similar to those of the gull, guillemot and oystercatcher;
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however, the centromere is somewhat more terminal producing an

arm ratio of about 2. 7, making it an sm-chromosome in the avocet.

Unfortunately, the cytological material from the avocet was not of

the same quality as that of the other species studied and, as a result,

the position of the centromere often was hard to determine with pre-

cision, Chromosome number three, which was a t-chromosome in

both the gull and guillemot, has a distinct short arm in the avocet,

This chromosome with an arm ratio around 5, 0 could be the result

of a centric fusion with one of the acrocentric microchrornosomes,

It seems more likely, however, that a pericentric inversion occurred

in chromosome number three in the avocet, shifting the centromere

away from its nearly terminal position in the gull, guillemot and

oystercatcher.

An interesting relationship emerges if we examine chromosome

number three by comparing it to the long arm of the largest or num-

ber one chromosome in each species, In the oystercatcher, avocet

and guillemot, number three is almost exactly the length of this long

arm of chromosome number one. In the gull, on the other hand,

number three often appears to be somewhat shorter than number one's

long arm.

We might first make the assumption that number three in the

gull represents an ancestral condition and gave rise to number three

in the avocet through centric fusion with a microchromosome, making
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the new number three the same length as the long arm of number

one. A pericentric inversion could then again shift the centromere

to a more or less terminal position as found in the oystercatcher and

guillemot. This new acrocentric would then be as long as the long

arm of number one. Through such a mechanism a small acrocentric

chromosome (as in the gull) could in effect "grow" to the size seen

in the oystercatcher and guillemot.

This is, of course, pure speculation and may bear no relation-

ship whatsoever to the actual sequence of events. It does, however,

suggest one possible mechanism to account for the difference seen in

chromosome three in these four species.

Chromosome number four in the avocet has an arm ratio of

about 2. 4 which compares favorably with number four in the gulls

(2, 0 -2. 5), the oystercatcher (2. 0) and guillemot (2. 2). Numbers

five, six, seven and eight all appear to be m-chromosomes in the

avocet and have arm ratios of 1. 5, 1.4, 1. 6 and 1. 2 respectively.

These values compare favorably to those of chromosomes seven

through eleven in the guillemot, numbers nine and ten in the gull and

numbers six and seven in the oystercatcher. Whether these are the

same chromosomes in these different families simply cannot be

determined without the karyograms of species from intermediate

families.

The exact phylogenetic relationship among these four families--
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Haematopodidae represented by the oystercatcher, Recurvirostridae

represented by the avocet, Alcidae represented by the guillemot, and

Laridae represented by the three gull species--is still not fully re-

vealed. However, it does appear that they all share a similar an-

cestral line of evolution.

The common snipe (Capella gallinago) and the western willet

(Catoptrophorus semipalmatus) are both classified in the family

Scolopacidae. This family is usually placed between the families

Haematopodidae and Ricurverostridae in the super family Chara-

drioidea. If this classification scheme is correct, we would expect

to find the karyotypes of the snipe and willet to be quite similar to

those of the avocet and oystercatcher. Rather surprisingly, their

karyotypes bear little or no resemblance to these members of pre-

sumably closely related families.

Both the snipe and willet karyotypes include a much larger

number of acrocentric elements than was found in the other species

discussed above and both have diploid numbers around 90 compared

to 70 in all the others. In fact, in one of the few good chromosome

spreads from the snipe a 2n number of 98 was observed° If this is

true, and I believe it to be close to the correct count, this would be

the highest diploid number yet reported for any bird species; the

highest previous count being 2n = 92 in the barn owl (Tyto alba) as

reported by Renzoni and Vegni-Talluri (1966). The western willet
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showed a somewhat lower total, viz. , 85-94, but still this approaches

the highest diploid number previously reported.

To emphasize the differences between the four genera discussed

previously (Larus, Cepphus, Recurvirostra and Haematopus) and the

two members of the family Scolopacidae, the general karyotypic

characteristics of each group will be outlined here. The karyotypes

of the first four genera in the families Laridae, Alcidae, Recurviros-

tridae and Haematopodidae had the following general characteristics:

1. A diploid number of 70 ± 2.

2. Eight to fourteen pairs of distinct macrochromosomes

showing a gradual and uniform decrease in size from largest

to smallest.

3. No more than two of the macrochromosome pairs were

acrocentric elements with virtually no short arm apparent

beyond the centromere.

4. Several easily identified marker chromosomes comprising

the first four or five macrochromosomes.

This is in sharp contrast to the situation seen in the willet and

snipe karyotypes which have the following general characteristics:

1. Diploid number near 90.

2. A macrochromosome set showing an abrupt decrease in size

between the largest and second largest chromosome with the

remaining macrochromosomes decreasing in size and grading
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imperceptibly into the microchromosomes.

3. Many distinctly acrocentric elements among the larger

chromosomes and very few metacentrics-- especially in the

willet which has only four pairs of chromosomes in which

the centromere is not apparently terminal.

It is hard to imagine any series of chromosomal rearrangements

that could possibly account for the great dissimilarity between the

members of the family Scolapocidae and the other families examined

here. In fact, it simply is not possible to make any meaningful

chromosome by chromosome comparison between these Scolopacidae

and the others above.

Actually, three members of the family Scolopacidae were ex-

amined in this study. In addition to the snipe and willet already men-

tioned, a bone marrow culture was prepared from the wandering

tattler (Heteroscelus incanum). Unfortunately, the chromosome

spreads (Figure n) prepared from this culture were of a distinctly

inferior quality. However, a rough chromosome count from these

slides showed the wandering tattler to have a diploid number between

90 and 100 with most of the macrochromosomes appearing to be acro-

centric elements. In the willet, it was possible to determine the cen-

tromeric position with reasonable accuracy. This was not the case in

the snipe although, in the author's opinion, the snipe karyotype is es-

sentially as presented in Figure 2. Additional study of this species
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may, however, result in certain modifications in the chromosome

description presented here.

In the snipe, the largest element is an st-chromosome (arm

ratio near 4), while in the willet it is a t-chromosome (r = 7 -8),

Chromosome number two is an m-chromosome in both species (r = 1. 6

in the willet, r = 1.0 in the snipe) and, in both, has an overall length

approximately 60% that of number one. Pairs number three and four

were rather difficult to work with, especially in the snipe karyotype.

In the willet these two pairs appear to be t-chromosomes. In the

snipe on the other hand number three appears to have a distinct short

arm beyond the centromere and would be classified as an st-chromo-

some. Pair four in the snipe karyotype may or may not be correctly

arranged. One of the members of this pair has a constriction near

the center and if this is the centromere then this may not be a homolo-

gous pair. Whether this represents a sex determining mechanism is

questionable. Regardless this fourth largest pair will be considered

to be homologous until further evidence to the contrary becomes

available.

In the willet the next four pairs (numbers five through eight) of

macrochromosomes are essentially acrocentric while numbers nine

and ten appear to be m-chromosomes, All of the rest of the willet

chromosomes appear to be acrocentrics.

In the snipe chromosome pair five may be metacentric but again
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the exact position of the centromere was difficult to determine. Pairs

six, seven, and eight are, as in the willet, essentially acrocentric or

t-chromosomes while numbers nine and ten have medially placed

centromeres. In both species the eleventh and twelfth largest chromo-

somes as well as all the microchromosomes seem to be acrocentrics.

It is of interest to note here that Renzoni and Vegni-Talluri

(1966) found a somewhat similar situation in the barn owl which had

a 2n number of 92, all of which were acrocentric with the exception

of the &chromosome and a microchromosome ranking approximately

38 in overall size.

Renzoni and Vegni-Talluri (1966) say,

Regarding the position of the centromeres, we can say
that the species endowed with a smaller diploid number
have more meta- or submeta-centric chromosomes, while
in the species having more chromosomes, most or all
of them are acrocentric.

In a footnote these authors speculate further on this relationship.

One can wonder whether the chromosome morphology of
the barn owl, so different from the morphology of other
birds and more similar to that of remote animals (bull,
dog and mouse for instance) is primitive in type or
represents an aberrant case. As the distinction be-
tween macro- and microchromosomes is phylogenetically
very old, already appearing in the reptilians, the second
alternative seems more plausible.

If we accept the hypothesis that the evolutionary trend is toward

lower diploid numbers with centric fusion being more likely than cen-

tric fission, one must conclude that the karyotypes of the willet, snipe,

wandering tattler and barn owl do represent a more primitive
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condition. In fact, if centric fusion were to occur in the willet pro-

ducing 10 metacentrics out of 20 pairs of acrocentrics, the resulting

karyotype would closely resemble the "normal" karyotype for birds

and, in addition, the diploid number would be reduced from 90 to 70

as found in the other species in this study.

Phylogenetic Relationships in the Crder Charadriiformes

We have noted in the preceding papers that, as a group, avian

karyotypes tend to be conservative. We have quoted Hammer (1966)

to the effect that "near related species... are quite identical in karyo-

type... " In accordance with this generalization, we have observed

that six of the species studied (L. californicus, L. occidentalis, L.

heermanni, C. columba, H. bachmani, and R. americana) possess

generally similar chromosome complements. The differences in karyo-

types among these six species can be accounted for by the process of

structural rearrangement of chromosomal material during evolution of

these species from some common ancestor. Robertsonian fusion,

pericentric inversion and reciprocal translocation occurring over a

long period of time could produce virtually all of the observed differ-

ences in karyotypes.

However, we have also seen that two species, the snipe (C.

gallinago) and the willet (C. semipalmalus) in the family Scolopacidae

have karyotypes markedly different from the other six species even
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though they have been classified as closely related to these others. In

this section an attempt will be made to reconcile this seeming dis-

crepancy and to suggest what factors might have produced the observed

differences.

Basically there are three, more or less mutually exclusive ex-

planations, to account for these differences in karyotypes. First it is

possible, although only remotely so, that the karyotypes presented here

are not representative of the species. Second, a series of structural

rearrangements could have occurred to alter the ancestral chromo-

some complement into the two or more quite different karyotypes we

observe today within the order. Or, third, the order Charadriiformes

could have had a polyphyletic origin with two or more ancestral lines

converging to produce unrelated species so similar in morphological

characteristics that they have been classified as closely related.

The first of these explanations, that some or all of the karyo-

types presented here are not representative, seems quite unlikely

since only a single case of chromosomal polymorphism has ever been

reported from birds (Thorneycroft, 1966). Further, only one spon-

taneous chromosome aberration is known from the class Ayes. The

possibility seems remote then that three species all from the family

Scolopacidae should, by chance, be found to possess aberrant chromo-

some complements. Thus I feel confident in concluding that the karyo-

types of the members of family Scolopacidae (or at least that of three
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species in the family) truly are markedly different from those of other

members of the order Charadriiformes.

The second possible explanation, that a series of structural

changes has occurred within the order over its long evolutionary his-

tory to produce at least two distinctly different karyotypes, also seems

quite unlikely. To examine this second possibility we need first to

establish which of the two chromosome complements is the "ancestral"

karyotype, or at least has characteristics of the hypothetical ances-

tral karyotypes. Knowing this, we could then proceed to speculate on

what structural rearrangements would be required to produce the dif-

ferent karyotypes we observe today. To do so, we need first to ex-

amine the chromosome complements of birds in closely related orders.

Any karyotypic characteristics common to two or more closely re-

lated orders might be assumed to be characteristics of the ancestral

karyotype.

Perhaps the best known bird karyotype is that of the domestic

chicken (Gallus domesticus). Fortunately, the chicken is a member

of an order (Galliformes) that is considered to be more primitive

than, and possibly ancestral to, the Charadriiformes (Welty, 1963,

ID. 16). We have noted previously that the four largest pairs of

chromosomes in all species of gull studied and in the pigeon guillemot

are remarkably similar from species to species; and, when we ex-

amine the karyotype of the chicken (Figure 12), we find these same
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rather distinctive chromosomes as the four largest elements.

If we accept that these are the same four chromosome pairs in

each order, then we might also conclude that they represent a portion

of some hypothetical ancestral karyotype.

In fact, if we compare the gulls as a group to the chicken, we

find a remarkable similarity between all of the first seven pairs of

chromosomes. In both we find the fifth largest chromosome (an m-

chromosome) is the Z or sex chromosome while the sixth largest pair

is a t-chromosome with no apparent short arm beyond the centro-

mere. In the gulls, however, this sixth largest chromosome is about

as long as the Z chromosome while in the chicken the sixth pair is

only about one half the size of the Z. The seventh largest pair in both

is a subtelocentric element of approximately the same overall length

as the number six pair.

In the chicken these first seven pairs of chromosomes are be-

lieved to contain the great majority of all the genetic material. If

this is the case, any rearrangements of these elements could pos-

sibly have a marked effect on the viability of the species through posi-

tion effects, This could account for the fact that in spite of extensive

study over a 60 year period, very few spontaneous chromosome aber-

rations have been reported in the domestic fowl, Possibly these

largest members of the chromosome complement cannot be altered

without serious consequences and those zygotes receiving aberrant
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chromosomes do not survive to reproductive age.

If we agree that the "ancestral karyotype" is like that of the

gull, then the problem becomes one of determining what structural

changes produced the Scolopacid karyotype from the ancestral one.

That is, deriving a karyotype with few metacentrics from one having

several such elements. The only mechanism known that could effect

such morphological change is centric fission or disassociation.

Centric fission, however, seems unlikely because it requires the

production or acquisition of additional centromeres, and, as has been

pointed out elsewhere, centromeres do not arise de novo. Thus

centric fission to produce two acrocentrics out of each mediocentric

element seems most unlikely based both on theoretical grounds as

well as on empirical evidence from other vertebrate classes. We

must keep in mind however the possibility that structural rearrange-

ments in the class Ayes are not governed by the same factors that

influence chromosomal evolution in other classes. The possibility

remains that extensive centric fission might occur and possibly has

occurred infrequently in certain groups of birds while not occurring

in closely related groups. And a possible mechanism should be con-

sidered here. Since centric fission theoretically requires that an

"extra" centromere be found for each such fission, we must speculate

on the possible source of such centromeres.

It seems possible, although not probable, that the many
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microchromosomes present in all known bird karyograms might

somehow serve as "centromere donors" in a centric fission process.

If this is so, we might expect as a result of such karyotypic evolution

to find fewer microchromosomes, especially the tiny dot chromo-

somes, since presumably they contain less genetic material and thus

are more "expendable" that the larger microchromosomes. In fact,

this was not found to be the case in the willet and, despite the rather

poor material prepared from the snipe and tattler, does not appear to

be the case in the other Scolopacids studied. These species appear to

have at least as many, if not more, small chromosomes than other

birds.

Thus, it seems unlikely that structural rearrangement could

account for the great differences in karyotype between the three mem-

bers of the family Scolopacidae and the other seven species studied.

If we reject these first two explanations to account for these

observed karyotypic differences within the order, we are left with the

possibility that the order has had a polyphyletic origin. This must

remain only a tentative explanation however, at least until considerab-

ly more data are accumulated on the chromosome complements of

related species.
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SUMMARY AND CONCLUSIONS

This study was undertaken to describe the chromosome comple-

ment of several members of a single order of birds, the Charadri-

iformes or shorebirds. Mitotic chromosomes from nine species, plus

meiotic chromosomes from one additional species, were analyzed in

an effort to shed light on phylogenetic relationships within the order.

In addition, the chromosomes of the domestic chicken, a member of

the closely related order Galliformes, were analyzed and compared to

those of the shorebirds.

In the study of mitotic chromosomes, cultured bone marrow cells

(or, in the case of the chicken, leukocytes from the blood) were ex-

posed to a mitotic arresting agent in order to accumulate large numbers

of cells suitable for karyotype analysis. For study of meiotic chromo-

somes cells taken from testicular tissue were used.

Of the ten species studied six were found to have generally simi-

lar karyotypes. These six are the black oystercatcher (Haematopus

bachmani), the American avocet (Recurvirostra americana), the

western gull (Larus occidentalis), the California gull (L. californicus),

Heermann's gull (L. heermanni) and the pigeon guillemot (Capphus

columba). Karyotypes of these species had the following general

characteristics: a diploid number near 70, eight to fourteen pairs of

individually identifiable macrochromosomes showing a gradual and
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uniform decrease in size from largest to smallest, and few acrocentric

elements among the macrochromosomes.

One species, the black tern (Chlidonias niger), did not produce

a successful bone marrow culture so its mitotic chromosomes could

not be compared to these other species. However, examination of

meiotic chromosomes from this species showed it also had a diploid

number near 70 and few acrocentric elements among the larger chromo-

somes.

Three of the species studied, the western willet (Catoptrophorus

semi almatus), the Wilson's snipe (Capella gallinago) and the

wandering tattler (Heteroscelus incanum), all members of the family

Scolopacidae, were found to possess chromosome complements quite

different from the other members of the order. These three species

had diploid numbers near 90, and many acrocentric macrochromo-

somes.

This striking difference in karyotype among birds in the same

order is unusual because the birds are known, cytogenetically, as a

conservative class in which closely related species tend to have simi-

lar, and in many cases identical, karyotypes. If these birds are cor-

rectly classified as members of the same order a long and unprece-

dented series of extensive chromosomal rearrangements must have

occurred to produce such dissimilar karyotypes. It seems more rea-

sonable to conclude that these species are not as closely related as is
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implied by their classification. However, to conclude that the order

Charadriiformes has had a polyphyletic origin would be premature.

The classification of this order is based on extensive, detailed and

careful morphological studies and to propose any revision of this clas-

sification on the basis of the evidence presented here is probably un-

warranted. These findings should, however, serve as a stimulus for

reexamination of the taxonomy of the order Charadriiformes.

Hopefully, much additional work will soon be undertaken to fill

in the wide gaps in our knowledge of avian karyology so that more

firmly based conclusions on avian phylogeny can be reached. In par-

ticular, the karyotypes of many more of the 305 species in the order

Charadriiformes need to be examined and compared to those already

known. Members of only five of the sixteen families in this order

have thus far been studied. Hopefully, additional work will focus on

those families not yet studied.

In addition, there is a great need for additional cytogenetic in-

formation from closely related orders, especially the Gruiformes,

Columbiformes and Psittaciformes.

Finally, it is hoped that some day in the future a karyotype de-

scription will become an integral part of all taxonomic descriptions

of birds. The techniques are now available to make this hope a reality.
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