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CHAPTER 1

INTRODUCTION

1. Occurrence of the Maryland Brook Lamprey

The Maryland Brook Lauprey, herein provisionally
called Lampetra aspyptera, has dbeen found in the last 5
years (1950-1952) by me in Crov and Bear Branches, about
one and one~half miles southeast of Laurel, Maryland.
These 2 streams are tributaries of the Patuxent River (Fig.
1). Bear Branch appears to represent the Laurel Run of the
U. 8. Museum records of the early 1900's, and nowv flows
into the artifically created Laurel Lake. The ocutlet of
Laurel Lake is a splllvaey adjacent to & dam and about 50
yards vest of U.S5. Highway #1. The overflow from the lake
forms a brook which passes under the foregoing highway and
1ta vaters are jolined dy Crow Branch at a crossing of the
Baltimore and Ohlo Rallroad, about one-fourth wmile east of
the highwvay.

Over a ulle of each of these branches has been ex-
plored systematically in the wooded region west of Highway
#1. 'The vater movement 1s slow in the deeper parts of
these streama, but is faster over riffles. The bottoms are
chiefly fine gravel in quiet sections, with coarse gravel
at the bottom of fast-running vater. The bottoms of pools
(about 3 to 4 feet deep) consist of fine sand, and backwater
areas have fine sand overlaying decomposing organic

3



4
material. Bnoth brooks appear to be free from pollution in the
area explored; algae, protozoa and insect larvae are found in
abundance.

the holoatype of L. &epyptera 1s stated to have comne
from ortsmouth, “hlo several years before 1360; it was pnlaced
by Wr. C. C. Abbott in that year in the cablnet of the Acadeuy
of Natural Selences 1in Philadelphla (voce ur. Henry . Fowler
of the Academy, 1952,. What appears to be the same lamprey has
been ¢ollected from Bear Lranch (s Laurel kun) or collateral
tributaries of the Patuxent iiver since April 9, 1888 (U. s.
guseum #39,%70, G. Marshall). dr. G. sdarshall, together with
¥rnest B. and fi. sarshall, systematically collected the mary-
land Bro»ok Lamprey in this locality for several decades (U. S.
duseum #49,136, April, 1899; #143,898, April 19, 1902; #143,4897,
April 23, 1902; #73,882, April 21, 1912 (Crow Eranch); #93,870
in June, 1932 and #106,%83 on april 18, 1937). Other speclmens
in the iJ. 5. wuseum were from the 'alnt Branch {(likewlse &8 tri-
butary of the fatuxent River) north of College Park, «aryland
(#143%,899, aApril 13, 1930, xiss Cochran}; Austin's fun (a tri-
putary of the rappahannock Kiver), at U. . dighaay #1, south
of Fredericksburg, Vvirginia (#100,276, G. 5. wyers and k. W.
Balley, aoril 28, 193%); Suitland Bog, near Sultland, .aryland
(#102,%62, Dr. Paul Bartsch, about .day, 1936); and 1in runs 1in
Anne Arundel county, near annapolis, waryland (#103,760, wil-
liam H. Bayliff, in the soring of 1937;.

raney (1941) found L. sepyptera in the Neuse RKiver sys-
tem in North Carolina, and specifically in a tributary of the
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Iittle River on April 6, 1940. Subsequently Bayliff (1942, and
personally to the writer, 1951) studied specimens of this
lsmprey taken from a small tributary of the North River, par-
allel to Rutland Road at its junction with U.S. Highway #50,
nesar annapolis, Md. (See also Vliadykov, 1950, p. 77). Mr.
Romeo Mansuetl of Bsaltimore, Md., reports L. aspyptera in
Chambers Lske at Federalsburg, Md., October 26, 1950 (cor-
respondence).

Subsequently the writer and others have found over ¥00
specimens of adult and larval forms of the Maryland Brook
Lamprey in various stages of development in Crow and Bear
Branches. To this vwriter's inowledge, no other species of
lamprey has besn reported in these brooks.

2, Adult Morphology

. General Characteristics

The adult Maryland Brook Lamprey is s slender, eecl-like,
somevwhat fountein-pen-shaped animal which svims agllely in
clear fresh-vater brooks (Figs. 2 and 3). It is dark grey-
brown to buff dorsally, and white to very light salmon-buff
ventrally and over the spiracles. It may grov to 130 mm.({sabout
5 inohes) in length and 10 mm., (about 3/16 ineh) in body
height, Without jawe, it has a roughly circular sucking mouth,
by which charascteristically it attaches to the substrats.

There 13 no complete description published of the
Maryland Brook Lamprey., It 1s practicable, therefore, to give



some of the more ilmportant morpnolosical criteria by which

this lamprey may be ldentifled. Specifically, it is a mono-
rhine vertebrate of elongate, subterete body form, wlthout pec-
toral and pelvic girdles and fins, but with 2 well-separated
posteriorly disposed dorsal fins (the anterior imbricate over
the origin of the posterior on the right side). The posterior
fin 18 the higher. The animal has an oval to nearly circular,
toothed bueccal cavity; &n unpaired, dorsally placed nasal aper-
ture; typically paired eyes; and 7 exposed branchial clefts
sublaterally placed behind the eyes. There 1is a distinctive,
diamond-shaped caudal fin. The male has tne long gonoducal pap-
11la characteristic of the genus, and 1t has & larger buccal

cone than the female, with coarser fimbriae and teeth.

B. Dimensions

No extensive statilstlical coverzge of the total length
of the adult or ametamorphosing lamprey hes been made. ueasure-

ments aade upon relaxed animals in chloretone vwater show:

TABLE
Kinds of Lampreys Nuauber Lenpthe in willimeters
- of
Animals  Average  waximum sinimim
ADULTS
Total 22 103.7
sale 12 103.8 120.0 93.0
Female 10 103.6 119.0 90.0
T aw0: PHOLING AN IsaLG
Total 28 107 .4
dale 8 105 .1 12% .5 96,0
Female 20 108.6 130.0 935.0



TagLY I (Continued)

AMUINT OF SHORTENING,

AV ERAGH LYNGTHS:

(Base = Average, ueta- Total 3.4

morphosing Animals) Hale 1.2
Female 46

It 18 seen that the metamorphosing animals have under-
gonNe an average shortening of 3.4% upon attainment of the adult
state. The change from larval form begins internally about Oct-~
ober 15 and externally about February 1 of the following year,
at the 39th parallel.

Variation in lengths of individual anlimals ie thus very
great. One maturing female caugnt during this perisd wus, as
indlested, 130 mu. in overall length. At the same time there
#ag maintalined in the laborat ory another female wilch had been
caught as & larva October 13, and which at its death on the
following sarch 17 was far advanced 1n metamorphosis. Because
of its over-winter environment in the aguarium, thls relatively
unfed animal was only 82 mm. long on aarch 1. It appears, there-
fore, that the longitudinzl groath of the late larva ls signifi-
cantly dependant upon econloglical conditions, partlcularly upon
the avallabllity of food.

At this point 1t i1s convenlent to mentlon t hat TO%
athyl alcohol used as & preservative caused conslderable surink-
age in the lengths of these animals, chlefly bescause ol ayotom~
al eontraction. Sixteen animale so0 fixed contracted from an
average length when living of 109.3 mm. to 99.3 mm. in alecohol

(9.27 of the original length). In contrast, the killing and

preservation of 7 animals in half strength formalin (18.75%)
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ceaused a very small average decrease of 0.2 um. (from 104.2
ma, to 104.0 am,).

€. HKyotome Count

One of the erlteris considered to separate this specles
from others im the average number of muscle segments which may
be counted from the seventh (most posterior) spiracle to the
beginming of the anus. This count has been given by Fowler
(1907) to be ebout 53; and counts for the late larva averagsd
54 {(¥ladykov, 1950). 40 adults and 15 late larvae collected

by me show:

TABLE IX
# Late
# # L
otomes  Adulte m’fcr )

l -
R
2 ! i
51 19 7
5 2 -
2 > 1

The average myotome count appears to be 5H5. The myo-
toms count of the holotype, &8 perscnally wmade by me, was 57.
In making such counts it has been borne in mind that ventrally
the muscle segments are reflesed anterad, and those immsdiately
in front of ths anus are strongly cowmpressed. Consequently the
more lateral, wider part of the last 3 or 4 segments may seem



0 be located posterior to the beginning of the vent.

D. Coloration

The coloration of the adult Maryland Brook Lsmprey is
derived from, at least:

1., Stellate melanophores, capable of changing consider-
ably in size. These are disposed in a single layer just below
the somewhat transpearent epildermis, and are greatest in number
in the dorsal midline. They may extend in patches on the
ventroposterior part of the animal, giving 1t s plebsld appear-
gnce. Anterovemtaally, there are few melanophores. In wmany
animals the melanophores are surrounded by other cells whose
cytoplasm is fllled with a filnaly distributed, deep brown pig-
ment, wvhich gives the area a very even, deep raw-umber color,

i1, Very small cellular inclusions which reflect a cop-
pery sheen. These are extremely minute and more or less evenly
distributed in the cells just under the epidermis,

1ii. Ventrally, the glistening white of the belly is
cansed by numerous mieroscopile, scale~like cell inclusions,
vhich appear tc be aimilar to those occurring, for example, in
the epideruis of the Clupeiformes. The whitening of the venter
is an indlcation of maturity; this is reinforced when the sikin
above the splracles likewise becomes quite pale.

iv., The bdluish tone arising from the brsaking up of light
in the lmperfectly transparent eapidermls, and which modifies
the brown colorsation. This contributes to the zrayish color
of many aniwals, particularly when the melanophorss are cone
tracted.
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. Dentition

The dentition of the Maryland Brook Lamprey appears
to be cheracteristic of that described for the genus Lagmpetra
(Regen, 1911; Creaser and Hubbs, 1922; Berg, 19%1). See Fig. ¥,

Located Just within the oral fiumbriae there 13 a single
circular ssries of small, blunt teseth (arciform in cross-
section), averaging about 65. These frame the oral cavity and
may be termed the border teeth; ventromesially they become
smaller,

Inmedliately above the entrance to the throet is the
supra~orsal lamina, which in the recently metamorphosed adult
consists of 2 stout, obtusely pointed cusps whose points are
directed centrally and downvard. These are connected by a
bridge vhich wmay be partly covered by the buccal epithelium,
These cusps are somevhat varisble in shape; in one animal one
cusp had been developed centrad so that instead of terminating
in a blunt point, the anterior edge was chisel-like. In old
animals the cusps are vorm and are sometimes fractured. They
are usually light buff in nevly-metamorphosed animals, but
darker tones have been Observed in older animals,

The infra-oral lamina, which is located on the poater-
ior intermal border of the buecal funnel (opposite the supra-
oral lamina) is broader than its upper counterpart, It i1s
band-like, the long axis of the lamine lying in the horlizontal
plane. The outer edge of the lamina is quite variable in
design, but it is usually divided into 5 or T very blunt
"hupps”, which may be designated for convenience as reduced
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cuspa., The 2 distad cusps on each side appear to be fused
vhen only 5 may be counted; those outside cuasps are then
uskally very large. Infrequently the infra-oral laaina is
quite band-like,

Laterally disposed at each slide of the disk are 3
single or double cusps, arrayed in parallel with the lateral
curvature of the buccal border. They lie near the throat,
and are larger than those in the rest of the buccal cone,
exceluding the laminse, Each tooth of these sets has at
least 1 cusp; and enimals are found wherein the anterior-
and posteriormost teeth were bluntly blouspid. The

wumber of
cusps appears to be varieble.

On the anterior face of the buccal cone, between the
supra~oral laminag and the anterodorsal border teeth, there
are 5 rows of teeth, all unicuapld, and which exhibit a
fairly constant morphological arrangement. From outside towards
the pharynx, the number of teeth in each row is 2, 5 end 4.

There appear to be no teeth on the posterior face of
the buccal cone between the infra~oral lamina and the border
teeth. Thiz observation is baszsed on microscopic examination
{970 x) of complete serial longitudinal and cross-sections
of this part of the adult aniwmal, cut at 8 u,

F. Other Criteria

o

In the first published deascripilon of L. sepypiera
by abbott (1840), no reference is wmade to certain morphnolog~
lcal characteristics found In the Maryland Brook Lamprey.
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Also, there is sowme veriation in the atructure of the Maryland
fora frow that published for the alleged holotype. It is be-
yond the scops of this paper to enter into a critical taxonom-
ic discussion, but certain of these differences should con-
cern the interested taxonoumist and for that reason they are
mentioned here.

First of sll, the holotype ls somevwhat larger than
the average length of this Maryland Brook Lamprey. It was
originally reported in 1860 to be 5S4 inches long (180 wmm.),
which seems to have been 1ts original length, Powler {1907)
found this animal to be #-7/8 inches long (123.8 mm.); there-
fore it had undergone contraction of more than 16 mm. in ths
nearly 50 years which had elapsed since Abbott's observa-
tions., Mr., Fowler did not collect nev materiasl from this
locality at the time. Only 6 Maryland lampreys (12% of those
measured) have exceeded this later value. Compared with the
original reported length (140 mm.) of the holotype, the
average length of the Maryland form iz shorter by about 36
mm., and none has been found of 140 mm, length. Whether this
is (&) a genetic difference, (b) & reasonable ecological
variation, or (¢) an actual specles or subspecies difference
remains to be determined.

In the redescription of the holotype by Fowler (1907)
he states that there are about 53 myotomes between the poster-
1ormoet splraclie and the anus. This seems to be a8 matter of
definitior, &z I found 57, as hereinbefore noted. Therefore,
the myotome count in both the holotype and in the sub ject
lamprey is about the same.
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In Abbott's description of the tina of L. aepyptera
it is stated that

The first dorsal fin arises somewhat posteriorly to

the centre of the entlre length of the body, and is

pyramidal in figure. The second dorsal fin, Jjolning
with the caudal, 18 smaller than the first dorssl and
more acutely pyramidal in its figure. The caudal,
whose orizin is sltusted opposite ttie vent, 1is higher
than elther dorszl fin, and decreases rapidly towards
the tail.

Part of thils description of the holotype does not ap-
pear to be correct, as the specimen itself will show. uy ob-
pervation (1952) was that the esudsal fin 1s not higher than
elther dorsal fin; it 1s lower than botn. Prom its present
condition it ig not readily possible to determline the relative
helght of the nosterior dorsal f in of thils ancient specimen;
but a very serlous doubt may be cast upon the accuracy of ab-
bott's statement that the anterlor dorsal tin is the higher
ona of the two. The enthusisstlc callpers of many researchers
nave reduced ithis old cyclostome to & sad state of dilapida-
tion, and the 4dorsal fins are badly frayed. In any case, para-
tynes ag accepted in the U. 4. duseum show that the second
(poaterior) dorsal fin is higher thin the rirst (anterior;.
The same holds true for all adult specimens of the Maryland
Brook Laamprey that [ have caught. It 1is certaln, then, that
this part of Abbott's description cannot be used sately to
define the flns ot L. sepyptera.

The nrolonged snout 1le also deacribed as one of the
pecullar characteristics of L. aepyptera. Gnout lengtn 1s

meagured here by the distance from the amlddle anterodorsal

edge of the snout to the beglnning of the first splruac:le. in the
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holotype this 1s 13 mm. (yoce Henry W. Fovler, March 27,
1951)., In the Maryland Prook Lamprey this measurement for 10
completely mature enimals averaged 11.2 mm., or 13.5% short-
er; in 2 animals, however, snout length was 1.0 mm. or more.
L. aspyptprs has been effectively distinguished from

Entosphenus lamottenii (Entosphenus appendix) by Creaser
(1939). In any case, plate I in Creaser and Hubbs' A Revision

of the Holerctic Lampreys, ldentifled a&s Lampetra (QOkkelbergia)
lamottenii (Creaser and Hubbs, 1937, facing p.l%#) does not
portray correctly the dentition or facliles of thils Maryland

Brook Lamprey.
Therefore, with all of the forsgoling in wind, I
think that only a provisionsal classification of the Maryland

Brook Lamprey as L. sepypters seems practicable at this time.

5. Life History

The adult Maryland Brook Lamprey spawns in Crov amd
Bear Branches from agbout April 10 to May 10, possibly earlier.
Adults c¢can be found for several days aftsrward, but they
become progressively moribund, and soon dile. They are similar
to other non-parasitic brook lsmpreys in that the intestinal
tract degenerates at maturity to a threadlike, useless strand.

in the experience of this observer, the females
caught (ususlily between 1 and 5 in the afternoon) seem to
complete thelr metamorphosis before the males. Likewise there
are caught about 3 females to every 2 males; in the latter
part of March and the first week in April the ratio is even



greaters 3 to 1. Only 1in May are more amales Tound.

The water of the brook may be as cold as 11° ¢. when
the adults start to come forth from the brook bottom, but spawn-
ing actually takes place when the temperature has risen to ap-
proximately 16° C. The lamprey selects a very shallow place
where the water runs more slowly, and in thls case has been
found 1in naturally occurring ripnle-like depregsions in fine,
graded gravel of the brook bottom, a little distance above rif-
fles. This lamprey has beén seen to transport stones, but its
attempts at nest bullding are relatlvely uncoordinated. 1 have
examined 2 nests, both hollowed out adjacent to & somewhst
large atone (the latter perhape 2 inches in diameter)}. No ar-
ray of pebbles supgestive of artiricial arrangement has been
found; and spawning activities 1n laboratory ansuaria under
failrly close observation exhlbit only sporadlc attempts at
nicking up sand.

The nesting lamprey attaches iteseli by 1lts mouth to
a large pebble on the site selected, and wlith rauplid vicratory
motinns of the posterior half of the body, "fans" the fine
gravel from underneath 1lts body, creating an oval, bowl-shiped
depression. The nairing laupreys both jolin in this activity.
dJuch nesats are not very deep, perhaps to & deptin of 3 inches
below the nlune of the local brook bottom; they are about 7
or more inches in the longer dlameter.

This activity merges 1Into the spawnilng behavior. Dur-
ing nesting activity the labla of the anus of the temale be-
come bloodshnt; and the fins of both lampreys may become

flecked #ith netechlae. In preliminaries to tine sexusal act,thnere
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has been observed a sort of sexual play ss exhibited by the
animala asintained in laboratory acuaria. nis consistis of a
characterist ic, slowly undulste awimaing; the ventral side of
the trunk rubs againat the gravel, whille the two animals inter-
#eave in and out. Eventudally the male attaches dorsally to the
nead of the femrls (or to the stone or aquarium wall to which
the female has already attached). In & sudden motion he curves
the posterior part of his body sharply in a comnlete circle
about the female, and brings the penlle papilla into apposi-
tion with the reproductive aperture of the female. Anteriorly
his body 1s arched tautly over the temale, and that part of
nis body which encircles the Temale vent contracts convulsive-
ly at least onece, perhaps & number of tlmes. Concomitant with
this there is a ranld and violent vibration of the boay, part-
lcularly in the caudal reg.lon of both anlaals. The &ct 1s per-
iodle and lasts for about 3 to % seconds at & time, with rest-
ing perlods of varlable extent ln between. During thnls act
the femsla extrudes one or more 1ndividual batches o1 2 o 4
ezgs, rarely more and usually 3. At the tlme lhe female lays
the eygs the male fertilizes them. The spawnling movements &are
a0 fast thaut 1t 1s not possible to determine whether or not a
foran of intromlsslion 1s acnhleved. Spawnlng in the lapboratory
usually occurs in subdued llght or &t nlgnt. A griovid feamale
contains over 1,100 eggs’ (13164 in one case by actual count),
and nractlcally all of them a&re layed.

Unon tertillization the Jelly about esch o g expands.

The sz falls to the brook bottom where it 18 soon covered DY
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fine narticles of gravel wnlch adhere strongly to tne extremely
viaecid outer Jslly. tThe flurry of gravel caused by the spawning
motions of the parents, as well as the movement of gravel caused
by the changing flux of the stream, may cover the eggs and pro-
tect them.

In my agquaria it took about 26% hours for the 4 ma.
cream=colored luervae to emergs from the exgs (teaperatures
ranged from about 182 to 229 C.). In the brook they are elther
then caught in the changling water currents or swla to fine sllt
beda in very qulet (but not stagnant) water, and which are dark
tfrom the presence of thoroughly decomposed leaves and other or-
g8nlec matter. In this locale the de& eloping awmuocoste appears
to stay throughout 1its first year. By October 1% of this year
it has achleved an average length of 34 mm., and no anliawal of
this generation was dug up at the tlime that messured less than
28 mm. Animals up to & length of 43 mm. (at least) appear Lo
be first yar larvae. Thils 1s based on a group of fifteen
animals taken on that date.

The progressive longltudlnal growth of the larvae 1is
1llustrated in Tables 111 and IV. The indlcated 1ife aspan is
three years. An extenslve saaplling wede on February 2 uncov-
ered no larva shorter than 33 mm. length, wniech 18 almost the
average for the JOctober 1 - 28 sample. It 18 safe to conclude,
therefore, that these smallest of the February larvae consti-
tute first yearlings. In the say 168 days elapsed slnce fert-
1lization, the growstn of 34 um. in length represenis an

averagze »f 1 mm. every five days (it 1s recognized that this
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is probably not a straight line trend). If this indicated
grovth rate were continued throughout the vinter months, on
February 2 (110 days later) the average indicated length of
these first yearlings would be 02 wm.

The 67 lampreys collected on February 2 fall into 2
clusters, separated by a gap roughly in the 67 to 77 ma. inter-
val. In the first cluster the snimals range in length from
3% to 66 mm, (there is one larva of 71 mm. length of doubtful
catepory, vhich has been excluded from computation). The wider
disperaion of lengths way be expected as indicated by the
development of the "spread” found in October. The weilghted
average of this distribution is 48 mm., which shovs that there
is a definite slowing down of the rate of longitudinal growth
in colder veather,

This retardation in grovih rate seems to be maintained
until vell along in the year. In the middle of August, however,
the average length of 12 larvae vas O4.4 mm., This cluster
has become, with the advent of the nev gensration in April and
May, the second year group. By the last of September, 18
animals considered to be referable to this group had inereased
in wean length to 69.7 mm., It is this group, with a range in
length of about 57 to 84 mm., vhich in turn forms a part of
the second csluster of February 2.

This second cluster is bellieved to consist of 2 con-
verging groups of animals: (a) those that are about to uetamor-
phose (to spawn in April and May), and (b) those which will form
the late larvae of the third year. This distinction is well
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supported: in day, June and July, long after the adults of Ap-
ril and day have spawned and dled, these larvae of practically
adult body lenuzth are to be dug out of the t'ine y.ravel bottom.
Of the 40 lampreys in the February 2 group, 4 were obviously
metamorphosing . Because of limitations of time it has not been
poagsible to mutopsy each animal to determine the condition of
its reproductive tract; however, sufficlent examinations have
been made to establish very definltely that there are two stages
of developuent exlisting here: one where the reproductive strand
is a fine, undeveloned cord of cells and the other where thne
gonads have undergnone most of the maturation process. The mean
length of the anparently non-metamorphosing laumpreys of this
date 18 97.% mm., althou.h 1t 18 to be borne in mind that thie
group without doubt includes anlmals wnlch will transform short-
ly, as explained further below. DBased on the preceding year's
trends, the conuputed value would be about 87 mu. for non-trans-
Yorming larvae.

The changes 1in length of ametamorphosing near-adults
and lengtns »f adulte are dlscussed on page 6. For non-metawor-
nhosing larvae, the welghtad average length of 12 larvae on
wareh 20 (the close of thelr second yesr ) was 90 ma., w.leh le
alanst precligely the indlcsted trend. Since trangtormlng
animals become adults in Anril and may, &ll remalining
larvae of apn-roximately these lengths represent tolrd-yesr
ammncoetas, which becone adulte in the fourth April or uay of

thelr exlstence, at the end of thelr third year. In early
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October these third yearlings are, on the average, sbout 110 wm.
long, practically the length of metamorphosing animals in their
final spring months,.

During their development the ammocoetes are found in
different environments, The fine, mudllke sllt of eserly larval
life is exchsnged in the second year for fine, sandy drifts,
particularly under the lee of banks vhere the conformation of
the brook protects the sand from the thrust of water flow,

In the third yvear they are found in somevhat coarser sand,
but they are still much more frequently dug up near the danks
of the streem. In late winter and early spring these second-
and third-year larvae may be found in great number between
layers of fallen leaves of the previous fall, particularly
vhere the stream has plled sand over them.

The metamorphosing larva of Pebruary and March often
buries its body up to its posteriomost spiracle in the brook
bottom,but leaves itz head clear in the water. Buch animals
arient themselves facing stream flow and may be found anywhere
in the fine gravel stratum of the brook bottom. Here they stay
presumably, until the urge to mate sends them to thelr nesting
grounds .

The Maryland Brook Lamprey evidently does not have to
leave its brook during its lifetime. In the case of the
present example, all stages have been found in & mile-~long
streteh of the brook. It is true, however, that as the larvee
grow older they inhaebit parts of the Branch progressively
negarer the lake, and they maey occur in 1it.



CHAPTER 1I

MATERIALS AND METHODS

« Ldving Material

A. Procurement

Equipment required for the procurement of living
material includes & standard-sized shovel, a fine-meshed,
large fishsnet, & small aguarium fish-net, 4 gallon collection
Jars, and hip boots. Also indispensable are a Centigrade
thermometer for measuring water temperature, a3 camera, and
a note book for records,

Larval forms of this lamprey are almogt never found
on the surface of the brook bottom except when metamorphos~
ing. Usually they are found within 12 inches from the bottom
surface, and careful spading and combing of siit, sand or
fine gravel of uniform composition, particularliy at the edge
of the brook, is frequently productive. Coarse or pebbly,
hard gravel bottoms are sterlle. The material spaded 1ls
deposited with a spreading motion on the bank; often the
larvae will squirm to the light. Since the larval skin is
slimy, collection is aided by scooping the animals into a
snall, Tine-meshed aguarium net.

The larvae seem t0 be somewhat gregarious, and a

favorable location often disclogses a community of animals of

a3
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approximately the same size.
Nets, of course, are indispensable Tor capture of me-

tanorpnosing and adult anlmals.

B. maintenance

Larval forme of the .uaryland Brook Laaprey have been
maintained successfully for perlods of a year or more in well-
aerated anuarisa kept in a co9ol nlace. The brook water is re-
placed occaslonally to prevent foullng. Either silt, sand or
gravel, as anpropriate, 1s placed on the bottoam of the aguar-
ium to the depth of about 2 inches (although less will serve).
Detrimental factors encountered in malntenance have been (a)

fungal infectlons wilth a speclies of the LSaprolegnisles, (b

high tempersture, and (e¢) nematode parasitism.®* Also, addi-
tion of organlic matter must be made with caution, bec use
bacteria invariably introduced with it can kill off larvae
with almost lightning rapldity.

The adult lamprey has spawned in ancuarls in the labe-
oratory. It 1s nrefersble to have an agquarium of 9" x 9" x 18"
or larger, as the anlaals &re aware of, and do not resnond
well in a nore restricted area. 4 deep layer (2" or wonre) of

clean, well-washed gravel of faulirly unitora texture 1s placed

#4r. Willard 3mith, now at the University of uaryland, has
dlscussed the claassiflicatlon of &8 nematode found in the wary-
land Brook La.prey with sdrs. 8. B. Chitwood. It appears to be
a new anecles In the famlily Cucuilanidae.




in the bottom. Thle gravel 1s sandy. Over tuis gravel clean
brook water 1s placed to a depth of about 2 inches. 4 large
stone 1s, or two are added in opposite corners; an aerator

is introduced, and a palr of active adultes are put in. The
female must be obviously gravid (the exgs cun be seen through
the ventral wall) and the male "new" and very active. Thils
nesting aquarium 1s kept in a quiet, moderately 1li,nted, cool
place. The spawning palr take a little time to become adjusted
unon being nlaced in the tank and may show a Iright reaction,
somet lmes for an hour or more.

During, or Just after spawning activity, the eggs are
removed by a wide-mouthed medlcine dropper to covered speci-
men dishes wnich are two-thirds filled witn flltered brook
water. These are then placed in wilde, shallow trays in wnichn
tap water 1s allowed to flow econtinuously, to merintalin a low
temnerature of about 162 to 227 ¢. The broock water does not
need to be serated until after hatcning. Shortly after hatch-
ing, the young larvae are lmmersed in larger vowls 1in s alch

fine 8llt has bsen plaeed, togetner with an aerator.

2. Flxatlon and Assoclated Procedures

Two methods nave been used Lo stupefy andt subsequent-
ly kill l=2apreys when 1t h&s bean desired to operste
upon the relaxed animal. Another maethod, incldent to a

special embsading technique (described unaer 3. tubedding,



i. Plaecing frozen carbon dioxids Iin the vater in vwhich
the animals svim, until the wvater is thoroughly saturated
and the tewperature approaches 0°C. (the water should not
be alloved to freeze).

1i. Preparation of a saturated agueous solution of
chloretone (1, 1, 1 trichloro-2 methyl propancl-2). This
solution is pipetted slowly into the water containing an
animal until the latter no longer sctively responds to
touch,

111. cCutting sections of the live animal directly
with sharp scissors and as sviftly as possible; and then
freozing by lumediately dipping the sectlions in liquld air,
The latter is kept in cylindrical Dewsr flasks adapted for
the punpose, and sections are manipulated vith long forceps.

The first two methods have proved useful in the
performance of laparotomies to dissect out the reproductive
tract, or to cut large animals into units of suitable size for
fixation with chewmical agents. The first method is preferred
for crogs-gsectioning the animal into small blocks for ready
fixing, and the second method for dissection and measurements.
I have just started to use the third wmethod; 1its objective
is to sliminate fixation artefascts vhich arise in the othex
techniques employed.
The integument is a remarkebly impervious barrier to

many of the wmore delicate fixing agents. The animal's tissues
should be out up into small pleces, except for the pharmgeal
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region, Larger units or entire animals should have the
coelomic cavity well opened.

For general application, the somewhat slow-acting
but inexpensive and stable Liquld of Tellyesniczky (Lee, 9th
Ed., 1928, p. 42) is a good fixing agent, Bouiln's solutions,
including the one with urea fave been used also, but with
surprisingly poor results. Flemming's weak solution pro-

duces excellent results.

3. Embedding, Mounting and Stalining

A. Material Treated With Solutions Contalning Inorganioc
Salts and/or Organic Compounds

All fixed material has been thoroughly washed.
Specimeng are then infiltrated progressively with ethyl
alcohol, xylene and paraffin {(m.p. 58°-62° C.) according
to standard techniques. Ribbons have been cut chlefly at
8 p or at 10 ] when desirable, and mounted on slides with
Haupt's adhesive,.

Most material has been routinely stained by using
the iron-alum hematoxylin procedure, without counterstain
to avoid bad photographic effecta. 3 other methods have
been used on the maturing testis:

1. ®¥rvight's stain. The sllde with the paraffin ribbon

18 sent through & xylene-methyl alcohol seriles to absolute methyl
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alcohol and then stained in the ssame manner &as a blood smear.
fowever, instead of allowlng the sllde to dry, it is rinsed in
water, then very ranidly "swished” 1in absolute stnyl alcohol,
then in 4 Xylene - & ethyl &lcohol. The slide is now trang-
ferred to xylene, and covered 1n the usual way. Chromatin
stains blue, cytoplaem »ink and some tissues lIntermediately.

11. Gentlan violet, wlth subsequent treatment with potas-
slum 1odide and iodine (Lee, 9th Td., 1928, p. 172).

111, Delafileld's hematoxylin without eosin. This stain has

proved to be the least useful.

B. Material Frozen in Liquld Air

William 7. Msloney and the writer have constructed a
drying and embeddling apparatus whleh 1s a developument of that
used by dang and Grossman (1949). The detaliled construction of
this apparatus willl be the sublect of a future paper, but gs-
sentinlly the system conaists of a series (6} of detachable
test-tubs-shaped large embeddling chambers, with pround glass
valve connectiong which are sealed with & slillicone vacuum
yrease. Thaese are connected 1In serles with an aporopriate va-
cuum gaupe, a4 mercury diffusion pump and a forepuup; and the
glass connecting tubes are interrupted by sgtopcocks whlch lso-
late each embaedding chamber a&s m2y be requlred. There is a
stoncock which seals the entlre systeam from the outside.

#ithin each eubedding chamber a burette top of smaller

diameter than the base of the cnamber (hence eaglly reamovable)
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is placed at the bottom, closed end down, This buretie Sop is
half-filled vith & low-smeliting (=407 C.) de-asrated pareffin,
The lesd-off duct 0 the forepump is shislded by gesuse filled
with Jscerite, to dehydrate materisl, IZach ewbedding chamder
is lsssereed in a varscl~fregen saYbon dioxide mixzture vhich

intsially is saintained at ~T70° C.

At the time material is frosen in & closely sdjacent
Dovwar flask filled with iliguid aly, an embedding chamber is
detathed, The well~frosen spe¢izmn is aviftly removed from
the liguid air, and dropped on the surface of the paraffin,
The exbedding chanber is lsmediately returasd o the systewm,
and reismersed in the vareol alxture. Iniemally doth air
and vater are sxtractsd from the eystew and the specliuen for
about 5 days.

After the flrst day the tempereture of the varsol mixe
ture is alloved to rise e about 09C. but not above this
tomperatarw. On the fifth day the vamsol uixture 1s emoved
and a oylindrical electiriec deating jesket with a hollow bow
sreoater then that of the embedding chamber is placed around
the latter, just abowe the lavel of the paraffin, This is
copweted with a rhecstat Whioh contrels the tempereture, In
the vecuum the paraffin soon welts; and the specimen fu~
sediatoly cabeds., 4 suscessiul embedding is indicated vhen
no bubbles lssue from the material,

The heating unit ia then withdrawm and the paraffin
allowed to solidify. Upon acoomplishment of this state, alr
is readmitted to the syetew, the ewdedding chamber is detashed,
and the buretts top semoved,
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A little gentle heat cautiously applied brings out
the embedded materisl In the paraffin blonck. Upon proper
shapling 1t 1s ready for the microtome. Very successful pre-

gentat lons have been obtained.

All mierophotographe have been made wlth a Visicam,
using Eastman °X-13% 30 mm. fine-grained yancnramagic film.
’rintas were enlarged 24 tlmes unless otherwise stated, using
N-3 Kodabroulde contrast paper. Dilrect photography on 36 aas.
film was performed with a Thagee Lxa camers provided with a

nortrait attachment.

o Jthslr procedures

wulation 1in the metamorphosed femsle lauprey was
accomplished prior to spawning by the astnod of Hugn (193%).
A laparotomy was performed on the narcotized aniasal, and the
exposaed abdoaninal cavity, with the ovary intact, was lusersed
in Holtfreter's solution to whicn 0.2% hydrocaloric aeld and
G0.2% pepsin had been added. Owulation of 1,161 out of 1,164
e:> 8 was accomplished wlthin 20 minutes. Lpys sere counted
immersed in water in a large petrl dish, placed over & sheet
of quadrille paper to facllltate enumeratvion.

élernscople measurements were aade witn an ocular
miornueater whlch had standardlzed the nowers of the object-

ives Dy the use of the usual callbrated slide.



CHAPTER IIIX

DEVRLOPMENT OF THE GAMETES

1. First Year Larvee

A. Historical

Linnberg and others (192%) have reviewved the earlier
work, vhich is summariged here, According to Hatta (1892) in
Petromyson the original stem cells from which the reproduc-
tive tissues arise are coelomic outgrowths, and hence of weso~-
dermal origin. GQoette (1905) agrees with Hatta, Whseler
{1899) wvas of the contrary opinion that the primordial germ
cells descended from endodermal cells, ILdnnberg (op. cit.)
is inclined to agree with Hatta and Goette, on the basis that
the wvork of the latter vas more thorough, and likewlse that
they had "more favorable material.” Goette observed the
anlagen of the gonads as a cellular strand on each side of the
notochord. Sometime later in development both strands are
shifted medially, and then are adjascent to the medlian side of
the wescnephroi. Still later, both anlagen fuse $o an unpalred
central organ, as W. Miller observed in larvae 38 mm. long.
That the unpaired structure of the gonads ie a secondary de-~
velopment Iin growth and not & primary one has been stressed
by other early writers, such as Dumeéril (1812), Home (1815),
Bory de Saint Vincent (1822), and Rathie (1825, 1827).

In his study of the early hiatory of the germ cells in

31
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» lamottenii (= E. wilderi, E. appendix et al.)
Okkelberg (1918) was not able to set up criteria by which the
ge™ cells could be ldentified with any certainty in the
cleavage or later states. He writes that all cells are more
or less masked by yolk. However, he satisfied himself that he
had properly identified the germ cells in the early stages of
head elongation, when the embryo has a "comma-shaped” appear-
ance vhen viewed from the side. Following his description: in
B. lamottenil the mesodera has already separated from the
endoderm at the head end of the animael, but caudally the
division 1line could not be distinguished between the 2 layers.
The wmesendoderm in the region extends dorsad as 2 ridges, one
on either side of the nerve cord and notochord, and these are
bounded externally by ectoderm. The cells of the wesendoderm
vary in size, are irregular in shape, and most of them are
filled with yolk., Numbers of larger, rounded cells can be
distinguished from the foregoing, nevertheless; they are in
the posteriormost fourth of the wmesendodermal ridges. Okkel-
berg concluded that these were the geram cells, based on thelr
apparent subsequent development.

B. Undifferentlated 3tage

I have found vhat may be the precursor of the gemm
cells in the Maryland Brook Lamprey, in a larva of about 204
hours (laboratory culture at about 20° C,). This larva has
the "comma" appearance already referred to, the serif of the
comma being the head. The longest axls from the cervical
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curvature to the posterior caudal curve - the "rump” - meas-
ures about 1,150 p in length. At this time 1solated cells with
a finely granulated cytoplasm are located in a tissue which
is found betwesn the outer ectodsrm and the heavily laden
yolk field and wherein in later stages both notochord and
mesodermal structures are to de found (Fig. 5). For reasons
vhich will be apparent, I cannot identify these cells with
certainty. This tissue does not resemble endoderm; its yolk
inclusions are smaller than those in that germinal layer and
are not as crovded, The cells have cross-axes of 8.6 x 5.6 n,
and the nuclel are about 2 u in disweter. They atain deeply
vith iron-alum hematoxylin. Such nuclei msy be distinguished
from yolk granules by their uniforaly central position in the
cell, vhen the area is scanned under low magniflcation, and
by their relatively identical sizes. In some cells there are
small eytoplasmic inclusions which may be yolk granules in
the proocess of being sbsorbed. The larger yolk placgues are
not included in such cells. Hovever, these cells are found in
relatively the same place vwhere Okkelberg discovered the gemm
cells in E. lamottenii.

In a later stage of head elongation (about 228 hours
at £ 20° C,) vhere the cervieal flexure-posterior curvature
length weasures about 1,700 u (estimated total length; about
2% wm.), a group of cells appear on the ventral face of the
mesanere, in relatively the same area which later supports the
gonadal strands. These cells have the same dimensions in the
aggregate as those in the animal of 1,150/n "rump” length.
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Thelr cytonlasm iz free froa yolk materisl, and is very finely
granular. The long axes of the cells are not gulte narallel;
if »nroduced, they would converge 1ln the anlmal's sidline (Fig.
6). This groun of cells direectly abuts the yolky endoderm. The
nuclel are llkewise centrally »nlaced, and are about 2 M in dla-
neter. If these are the germ cells, as I think tney may well
be, they lie in the rezion of tne nephrotome.

In the hatched larva of %.9% mu. sllde length# small
nests of reproductive calls are found lylng between the »nost-
cardinal veins and the tubules of the excretory system. Thay
are thus ventrolateral to these veinsg. They seeuw to begln jJjust
nosterisr ¢o the Junetion of the pharynx witnh the intestine
(Fig. 7) but are found only in the middle third of the anlaal.
They are distinctly larger than cells of the adjacent tilssue
and have an ellinsoldal to pyriform shape. The cross-axes are
12.9 x 1%.11p, with nuclel about 6.0 x 4.0 n In the two dla-
meters. The cytonlasm 1s somewhat more hyaline than that in
other tissus cells, and exnlblts a finely granular, even re-
ticulate structure. The nuclear membrane stains more deeply,
and very dark, contorted strands can be seen In the nuecleus.
The cellular ameubriane is well-defined usnd tne cells are 1in
loose contact, not appressed Lo one another. These swmall nests
af apmroximately 6 to 12 cells are arranged in several separate

clumaps near the mldlins.

#From the ¢nllection of 4. H. Bayliff. The larva wes hatched

in his inboratory and was 7 mm. long at time »f fixatlon. aAdult
lampreys have been taken by me from the small brook from which
#r. Bayliff procured mating palrs; I 1ldentify thew aes the usary-
land Brook Lamaprey. No other specles of lamprey has been found
in this narticular brook, which 1is unnamed.
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A 13.5 mm. (relaxed length) larva caught in Bear
Branch July 21, measured 11.5 mm. on August 1, vhen it was
fixed. 8lide length was about 9.2 um. Longitudinal serial
sections of this animal show that the wmost anterior germ
cells form a thin band lying in connsctive tissue between
the dorsal aorta and the post-cardinal veins; they appear
to begin about 250 u posterior to the caudal tip of the liver.
The germ eell clusters are atill separate, one on each side
of the dorsal sorta (Fig. 8). They are 15.5 x 9.5 u in di~
ameter, polygonal in shape from compression, and but few in
each group, The nucleus is now large and is nearly spherical;
it is about 3.5 u in dlameter. There is & distinctive but
small nucleolus, somevhat scoentrically placed. The cytoplasm
iz quite clear, but shovs & finely granular appsarance under
high powers. Its limiting wmewmbrane can be discerned with
some difficulty. The nuclear weuwbrane is sharply defined, and
in the nucleus the stringy appesrance provided by the chromo~
nemata is plainly visible. The larger sige, more or less
round shape, more lightly atained appearance, and to some
extent the appearance of the nucleolus distinguishes these
cells from those about them,

To complement the cbservations made from longltud-
inal sections of the 15.5 umm. larva, a comparison hes bsen
made with observations of serial cross-seotions in a larva
13.75 mm. long, cut at 8 u (slide length, about 9 wm.)

This animal vas caught in Bear Branch July 21 and was fixed
the following day. In these cross-sectinns the germ cells
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have been traced far forvard to a point just posterior to
the sinus venosus; here they lie in the connective tlissue
between the posterior wall of the sinus and the dorsal aorta,
The cells ccour, a8 has been astated, in clusters (Fig. 9),
vhich are adjacent to the dorsal sorta and between it and the
mecial surface of the endothelium of the post-cardinal veins,
They extend posteriorly for about 2.8 mm. in interrupted
strands on both sides of the dorsal aorta, and proceed down
over the ventromesial face of the wesconephroi but external
£0 the latter. The cross~axes of these reproductive cells
come to about 12.9 x 1l.2 u. Their internal appearance is
similar to that desoribed under the 15.5 wm.larva; the
chromononata are clearly visible, and the nucleolus 1is
present. Also, vhere chromonemats appear to meet, there are
deeply staining granules of variable size. The finely gran—
ular material of the oytoplasm is in large psrt adjacent to
or 1n contact vith the nuclear membrane; and at one side
there is a round elump of denser oytoplassm, in wvhich there
appears a deeply staining granule (sometimes there are 2),
This may be & centrosphere vith the included centriole oxr
centricles.

In the 17 mm. larva the reproductive cells are still
in separate strands, and longltudinal sections shov them in
2 rovws extending posteriorly adjacent to the imnmer face of
the post-cardinal veins. Cross sections of the 19 um. larva
oexhibit the samse picture. In both cases, the gonads extend
posteriorly sbout 2/3 of the distance from the apex of the
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liver to the vent. They present quite the same appearance as
described ZJor the 15,5 and 10.75 mm. larva. Cells are vari-
abls in shape; if they are cylindrical, they may be 21.5 x
8.6 p (Fig. 10). Discrete groups of cells enclosed by epithe-
lia are found in a continuous band in the 20 wm. ammocoete.
The cells are appressed and the nuclel are large: about 5.5 a
in diameter,

C. Development of the Odgonium

The germ cells are sexually differentiating in the late
summer of the first year. A larva caught August 27 measured
37 mm. when the length was taken on the following day. It was
killed and fizxed September 17. By the last date the appressed
odgonium had the average diwensions of 73.6 x 63.6 wm. (Fig.
11). The cytoplasm is divided into 2 well-defined areas: a
hyaline, ovaloid esntral area about 25.8 u in dismeter in which
& derkly staining round body of 8.6 u in size is eccentrically
located; and a very finely granular fileld whiech 13 destined
to be the yolk area. The granules stain deeply with iron~alum
hematoxylin. There 1s apparently a sharp separation between
the granular and hyaline areas; but an actual wewmbrane appears
to be absent, The circumsoribed hyaline area has been ident-
ified in other brook lampreys as the nucleus, but development
demonstrates that in the Maryland Brook Lamprey 1t is hyaline
cytoplasm., It follows then that the smaller, darkly stained
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round body is the nucleus, and not a nueleolus., It is
euphasized that if the hyaline area vere considered to be

the nucleus, it would require that the geraminal vesicle

must have grown wmany times larger than the primordlial germ
cell, and that the nucleolus has attalned the sige of the
original nucleus., The slze of the melotic eguatorial plate

at the first maturation division and the subseguent dimensions
of the oeeyte nucleus which appears in the same hyaline fleld,
iz consldered to support this writer's conclusion,

At the same time there appear in this ovary nests of
cells (Fig. 12) vhich very strongly resemble those found in
the 20 mm, larva. It seems to be aasured, then, that the
transitional stage has been found 1in those ecells destined
to becoms ova. The relatively undeveloped cells have a
more deeply stalning cytoplasm than those of the 20 mm., atage,
and the nucleolus does not staln 80 deeply. They may be
regressive,

The intermediate stage between primary, undifferent-
iated cell types and the characteristic oogonium will be a
sub ject for further study. From the appesarance of certain
cell groups in present material, however, the large size of
this sex cell seems tc be attalned by an unusugl process. It
saeens to be that moat, if not all of the cells of the unit
follicle contribute to the ultimate odgonium. These cells
anlarge considerably, and their cytoplasm becomes very
granular. Thes cellular membranes between adjacent cells
disappear, while at the same time the vitelline mewmbrane
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comes into view. The fate of the nuclel concerned is uncer-~
tain, but they endure for an undeteramined period of time
after the walls of the contributing cells have been dlsaolved
(Fig. 13). It will be observed from the illustration that
what I take %o be the original nuclei ars still present. A
later stage shows them in a very reduced state (FPig., 14).

At this time the granular cytoplasm stains wmore deeply than
the cells in other stages.

D. Development of thes Spermatogonium

A larva 46 mm. long caught on August 27 (the same
day that the 37 mm. differentiating female animal was obtained)
vas also killed and fixed on September 17. The sex cells are
located in tubule-~like groups; they are surrounded by a very
thin epithelium and there 18 a lumen in the center of the
group (Fig. 15). Prom an examination of the dissected testis
of a mature animal, it is evident that this 1s the beginning
of the lobular systewm characteristic of the adult male re-
productive organ. It is also certain that sexual differentia~
tion has begun, as in the 37 ma. larva (cf.) the ova are now
readily distinguisheble. The cells are small, with scant
cytoplasm and large nuclei. The last are quite spherical and
are about 6 u in diemeter in & cell about 8 u long. The
nucleus 18 provided with a small nucleolus and exhibits a
very reticulate, hyaline interlor, the chromocnemata belng
readlily discernible. Cell boundaries, on ths other hand, are
daifficult to distinguish.



2. Becond Year Larvae

. The Oggonium

The female larva of 763 mm. length (caught August 27,
fixed Septeuber 17) has the single ovary in the midline be-
tween the wmesonephroi. The odgonia have grown considerably;
they are about 130 p in diameter. The clear eytoplasmic area
has a diameter of 50 u, and it possesses a finely granular
veticulum. The nucleus has attained a diameter of nearly 13
M, end stains deeply. The yolk area of the cytoplasm is ex-
tremely granuler, and the yolk granules stain deeply (Fig.l6).
In larvae of 82 mm. length the ova has cross-axes of 150 x
155 p.

The clear hyaline cytoplasm 1s sharply delimited in
oogonia of & larva of 864 wu, length caught and fixed on Feb-~
raary 2, towards the close of the second year. It has cross-
axes of %6 x 70 u in an egg of 164 x 124 u, and 1s provided
wvith a nueleus measuring 17 p in dliameter. A larva of 10l wmm.
length caught and fixed on the same day had sex cells with
practically the same dimensions and very much the same appear-
ance (Fig. 17). In one favorably stalned nucleus of an odogon-
ium of & 101 mm, second year larve of October 27 (fixed the
same day) a very distinct internal organisation may be dis-
cerned (Flg. 18). Contained withia the karyoplasm of the
nucleus are found s series of oval to round bodies of varying
size (from 6.5 to 1.61p in dlameter). In the center of each of
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these is 2 more deenly atalning granule or cluap of granules.
It 18 suggested that these clearly marked boundariee sbout the
granules posslibly aay be borders of matrices about the individ-

ual chr-monemata.

B. The Spermatogonium

In a 3% ma. larva (caught August 13, killed and fixed
September 17), the tubules are solldly packed with t he rapidly
dividing spermatogonia. The sex cells and thelr nuclel are
vary much the same slze as that given under the firet year
larva of 46 mm. length. sltotle figures show alwost diagram-
matic equatorial plates with typical spindle filbers; centri-
cles could not be seen. The numerous ciromosomes a&re extreae-
ly small, and the entlire equatorial plate has a dlameter of
not more than 7 to B.F; the 1Individual chromosowes stain in-
tensely with iron-alum hematoxylin, and none of the chromo-

somes achleves & length of 1 u {(Fie. 19).

3. Third Year Larvae

A. The O¥%gonium and the Obcytes

Excent for growth, the »%gonlum does not change mat-
erlally in aopearance until the fall. In October the germ
cell of the larva of 99 um. length has & varlable but some-
#hat ellinsoidal form; the averasgze dlameter of a circle

ot equivalent area in the plane of sectlon would be about
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385lp. On Detober 13 (animals caught and fixed tnes some day )
the fTuture single sy exnibite s deutonlass in whnleh the lar-
ger yolk granulee have attalned dimensions oFf about 4.3 x .3
M3 and these begin to resemble the yolk of the mature egy-.

The granules are evenly distributed throughout the egg except
at the perlphery, where a clrcumferentlial series of small ves-
1cles bezins Lo appear (Fig. 20). These veslicles are about 8 p
In diameter and foreshadow the advent of maturation. There

are alan snall, isolated clumps of yolk granules which stain
very mnuch more deeply. The slgniflcance of this 1s not under-
stood. = 7 a
The foraerly hyaline araaféf the eytoplusm has now

—

become more finely granular and 5E§%ns more intensely. This
aratwhile clear area, -- wnlcan for cé&%anienee will be termed
the paranuclear cytoplasialec fleld -- has cross-axes of about
6% x 104 u. The darkly stainigg nucleus has & dlameter of 20 u
At this stase the nuéféaé"géétlta eircunjacent cyto-
nlasmie fleld 1s located in many cases closely to one pole of
the somewhat oval cell. The narrow layer of deutoplasm thus
crested betwesn the lighter cytonlasm and the vitelline mem-
brane undergoes a transformation. This "polar” cytoplasa con-
sists o»f a denser, more flnely grunulated material, which
apnears as a curved band in crogs-section (Fig. 21). it 1s
alwaye agpoclilated wlith the close proximlty of the nucleus to
the vitelline nmembrane. In 1t are little vesicular pockets

which appear to contain larger granules similar to those of

the rest of the yolk cytoplasm.
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field and the vitelline membrane. In fact, in many sectlions
there apnesars Lo be & sharp cleft here vetween the two fields
where they meet. The nucleus 1s tound at the edse of the para-
nuclear cytoplasaic fleld in any location (Flg. 22).

All of the fore. ing obssrvatione were made on obeytes
of a larva of about 100 ma. length taken on October 13 and
killed and fixed on October 18. % days later another feaale
animal was killed, and fixed by the drying and embeddling ue-
thod develoned by Willlam E. waloney and the #writer. In the
primary obfeytes from thils amaocoete, therefore, the chemical
constitution of the egy will not have been sltered by any re-
action with the lons present in the a~ueous dichromate-acetlc
acld fixatives used elsewhere. The only react nts could be the
agents used 1in the stalnling snd mounting processes. The appear-
ance of the sex cell under the microscope differs only 1n al-
nor asnects from that herelnbefore doscrlibesd; thils glves @ssur-
ance that both technlgues are relatlively coaparablie.

In this maturing laaprey the olcyte now nos the cnar-
acteristically compressed, aomewhat polyzonul outline of the
izamature egp, and 1if reduced to clrcular dlmenslons 1t would
have a diameter of about 6UG,F' The paranuclear cytoplaesaic
Tield 18 crescentic to lentlcular in sectlional outlline, wlth
the nearer slde within 60 p of the vitelline meumbrane, and
mores or less narallel to the latter. This &area is
abnut 120/1 long and bO/} wide &t tne middle polnt,
"he deutoplasmlc fleld stains qulte intensely #lth lron-alum

hematoxylin, and 1s aqulte vacuolate throu.hout. Tue
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cytolymoh does not stain at a2ll, 4dlffering in thls respect
from matorial fixed with the Liquld of Tellyesniczky; sucha
materlal by contrast shows 2 llgnt violet-iray structure. The
naranuclear cytoplagulic fleld in the present case also refuses
to staln, and appears as a coarse, yellow reticulum. Opposite
this clear cytonlasmic fileld and at the cutermost periphery

of the obeyte there 1B a cap of hyallne cytoplasm, which is a
new feature in the mzturing obeyte. Thls cap has a thickness
at its wldest part of 20 p.

An examination of the equatorial plate at the begin-
ning of anaphase in the forezolng material, discloses shtocky,
very short chromosomes. They &are scattered in an equatorial
plate about 16 u across. The largest chromosomes do not ex-
ceed 3.5 u 1In length and some of them are less than 1 u in
size {(Flg. 23). The cytology of this process is still under
investigation.

On February 2 a metamorphosing 118 uma. long female
laaprey was obtalined. It was narcotized February 7, and the
ovary dissected out and fixed. The secondary oYcytes had now
acnieved dimensions of about 8U0 x 1,050 p (Fig. 24). They
nresent otherwlse an aonpearance very similar to that of the
primary obecytes. The nucleus ig reconstituted. The yolk
granules are coarsest in the center of the e.¢, and here
they attain a size of 8 x 4 u; they are wore or less disk-
shaped. Towards one end or pole of the somewhat ellipsoidal
cell they become much smaller. Near the vitelline meubrane

therce 1s in the yolk fleld a highly vacuolate periphery,
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giving the deutoplasm here a frothy aspect. 7The somevhat
spherical hyaline field lies about 1/5 nearer one pole; in
this area exlsting granules are wmuch smaller., This hyaline
eytoplasm sends many reticulate extensions towards the pole.
BEventually the clear polar eytoplasmic oap is connected
with these cytoplasmic extensions. The hapleid nucleus at
present lies in the deepesr, internal part of the hyaline
field, and at this stege 1t stains very little. It is quite
spherical and weasures 17 A In diameter. Otherwiss 1t has
very mach the same iInternal appearance as 1t had before the
first reduction division. My present material does not
disclose the first polar body.

In the matare femsale lamprey of April 28 the secondary
ctcyte has a nearly spherical contour and a dismeter of about
925 p. This is the "egg"” vhich 1s visible through the
abdominal wall of the gravid female. This oboyte has a plasma
meubrane which (1) stains wmoderately vith iron-alum hewatoxylin,
and (2) is less than 1 u in thickness (Fig. 25). Under
ordinary circumstances the vitelline membrane ¢losely in-
veats the plasma membrane, but it 1is not attached to 1%, as
occasicnal wvarping shows. This outer coat consists of at
least 2 layers. The innermost one stains woderately and is
about 3 u thiek. The apparent external layer stains less
readily or very little, and 1is sbout 8 A in width. Outside
of theae layers there sesms to be an extremely fine deposit
of almost submicroacopic fineness, evident vhen the meubrane
iz torn. In the living egg the vitelline membrane has sows
elastlicity; but its tensile strength is quite weak, and it
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ruptures easlly.

There 1s a more or less centrally pleced, rather hya-
line core of cytoplasm, filled with very fine grenules of le
in slze or less. Tals leads to &4 qulte yolzi~-free polar cap
which, as deduced from subsequent development, is located in
the vicinlty of the animal pole. The nucleus lies in the cent-
ral part of the egg in this hyaline core (Filg. 25) and is
slightly oval 1in contour; 1t has cross-axes of about 1€ x 18‘p.
The nuclear msembrane encloses & remarkably clear interior,
wherein the chromonemata can be sgen with ease; and blackly
stalining, granular lumps can be secen as though threaded on
these strands. The yolk material now stzins densely with iron-
alum hematoxylin; these¢ granules wmay reach 10 p in length, are
flattened, and are more or leses oval. They decrease greatly 1in
size tow:rd the animal pole, where they may be barely resonlv-
able. Between this stage of the secondary ofcyte of April 28
and the time of spawning, the nucleus proceeds to form the

metanhase plate of the second melotlic divislon.®

B. The 3vermatogonlum and [ts Descendants

gonia of the 30-month old lsuprey of November 1. In a male

of 116% mm. length killed and fixed that day all premeiotic

#*Tnis date of April 28 appllies only in this instance. The
saryland RProok Lamprey has spawned in the laboratory about
April 2 (tempeorature = 160 C. and more). Obvliously thls se~
eond reductinn division took vlice on or shortly before
April 2.
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and Rugh (19%1). #ith the fore: d2ing in mind, theref re, this
acceount will follow thnoze of the authsrs just refarred to.

The lentotens stags cannnt readily be dlstingulshsd
from that of thne premelotic spermatogonium.

The zygotene stage (Fig. 27, 1s believed to be ident-
iflabie from the somewhat close assoclation of the ehromonemnsta
in & tangled weft about the nuclenlus. There is, however, no
characteristic "bouquet" staze &8 occurs in some organisme.
Reinforeing this observatlion is the fact that the chromonemata
are qulte opyknotlec zand aspear to be thicker, as tnough they
had been dnubled.

In the next stape the pachytene chromonemsta develop
thelr matrices and the resultant chromogomsl units staln dark-
1y (FPig. 28). A eriterion of this state which helps 1in its de-
teralnatinsn egeems to be tne clumpling of at least some of the
chromosomes about the dwindllng nucleolus. The curomatlds have
2 gtlcky apnearance.

The diplotene stape ls one of those most readily es-
tablished. 3y thie tlme the nucleolus has disappeared, and
the thick, hesvily stalined chromatlds in the process of term-
inalization are distributed over the inner facc of the nuclear
menbrane. The regult 1s a coarse, black, net-like apherical
emriguration, aith 2 hollow center. These seprrate in the
next stage.

In diakinesis individual tetrads can be dlstingulsned
and in one case sbgerved they were still di:tributed In a

hollsw snhere, even thowh the nuclear amembrane nad vanisned
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(Fig. 29). These then algrate %o the squatorial Hlsne of the
c=211.
111. selosglz I. Tae metanhsae:l

Fran the standnolnt of an ideal representation, the
maetanhase eyuatnrial plate 1s 211l that ths researchsr could
wigh for, w%ith one imnortant excention. It 1s beautifully de-
limited; the snecalled snindle flbers are easily dlscerned;
the splndle flrure is symmetrical, and when viewed from the
gide 12 shaped like the ace of diamonds with the very »lane
ensuatnrisl nlate at the center of the shorter axls. The
snindle fibers terminate in a sharp noint (sounetimes 2) at
their ~0lesgs. {entrogpherasg seem to be lacklinz, and there ls
na aster, The one diffliculty 1s that these chromnosones are so
clnsely assoelinted during this etage that In my present amater-
121 they cannst be counted with =ny assurance (Fige. 30 and 31).

iv. The #etabolic Stsze (Interkinesis). The sscondary

apernatocytet

Thie steze has been examined in & asturing msle ob-
tained on July & when 1t was 95 mm. long, &and retnined in the
laboratory until Decenber 1% of the eame year, when the testls
w2g removed and fixed. The secondary spermatocytes are begin-
ning to round off and to s eparate fr-m one annther; free cells
sre spherical, with = aore or lesg equally round nucleus, and
thay 49 not entirely fi1ll the lobule. Dlameters are: cell,
about 8.6 ] nucleus, soout %.6 p {Kig. 32). Within the nu-
cleug there is & dark, irregularly shzped, deenly astain-

ing granvle, somewhat less than 1 u scross, and Ifrom
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vhich in many cases the chromonematic threads seem to
radiate., This granule may be found anyvhere within the
nuclsus; 1t is often found againat the nuclear weuwbrane.
The nucleus has a denser appearance than it had in the
primary speraatocyte.

v. Helosis II:

The eguatorial plates of the second reduction
division have been found in a metamorphosing male lamprey
101 ma, long, caught on Pebruary 203 the testlis was fixed
the next day. The lobules are somewhat loosely filled with
gera cells which are variously in interkinesis, prophase
and meiosis (Figs. 33, 34). There seems to be no specilal
diztributlion pattern of these stages in the lobule, except
that in one lobule wost of the cells tend to be in only one
of the slages.

At this time cells are found whioh are quite simllar
to those described under the metabolic atage, Differences
are: (a) the karyoplasm now is much clearer, even hyaline;
(b) the large internal granule hitherto found has decreased
in size or has vanished; and (¢) the nucleus is smaller
(about 5 m).

In other lobules in which there are few egquatorial
plates in proporiion to the total number of cells in lobular
section, other nuclear patterns are found. It is wmy opinion
that, based on spatial contigulty vith both metaphase and
metabolic stages, these other patterns are those of the

second weiotlic prophase. This furthermore seems to be
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confirmed upm comnarison = 1th sn ~bviously early oost-neliotic
levelooment desgcribed under vi. (Znermliogenesis)}. The 2 stages
are very dltfsrent in aznesrance.

During thils prophase the nucleur expands c¢onsiderably
(dimmeter = 7 p}. The charomwatinic elemente sre distributed on
the innzr face of the nuclear membrane, except for elther (a)
a viseid aonearing, thin, granular band runalng from wall to
opnosite wall, or (b) an irrezularly snaped clump at 2ne ailde.
Chromonsmats may or may not be anparent in these internal
structures. "he cytonlasm appearse to be denser, and in many
instances mancst of the chromatic material of the nuclsus pro-
graasively clumns together at ~ne side of the nucleus. Now
the cell elongateg, the nuclear membrane dlsappears and chrom-
»somes are organized from the clumned chromatids. Then these
algrate to *the ecqator of a2 spindle which is a5 eclosely in-
vested by the ¢zl)l meabrans that the eell ltself seeus to bs
merely the equatorial plate and the achromatie flgure. AL
this time ccecll Almensions are 12.9 x 6.9 A (Fig. 34).

Tne metanhagse plate has the conventinal configura-
tion, and asnindle flbers are vlisible. The cytoplazm st the
poles ia Adenser than elsewhere; there seeme to be a small cent-
rosshere, but I cnuld not find & centriosle. The sticky-looking
ehromoanazs are extreusly difficult tos count because of thelr
teandercy to assoclete clossly, and & etudy of chromosome nua-
bar 1a reserved for the future. 4t Jilsjunctiom the 2 haploid

complementa are 2t [irst 2laost parallel to one gnother
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but the migrating sets become cons-ghaped in late anaphsse.
On one side of the spindle 1 chromosoue is sesen to advance
to the pole in advance of the others; this ias perhaps a sex-
deteraining chromosome,

The equator of the cell becomes narrower as the
haploid chromosomes sepsrate in anaphase., PFlnally & slight
squatorial furrovw becomes evident, and a flat eross-septum
grows, separating the daughter cells. The nuclei of the
ineipient spermatids have diameters of about 3 p in cells
roughly 5 p in sige; end the karyoplasm 1s dense.

At this point it should be stated that the writer
has found meiosis II taking place as early as February 7,
or 2 weeks earlier than Iin the example just given. Possibly
laboratory tempersatures of 18 to 22° ¢. may have stimulated
the development of the animal during & 5 day sojourn in the
agquarium from FPebruary 2, wvhen it was obtained,.

vi. S8permiogenssiss

The development of the spermaatid was found to have
started in a laaprey of 110 mm, length caught on February 21,
and killed March 20, In this ease the month's maintenance
in an aquarium at laboratory temperatures may not have
influenced development; another animal caught on Mareh 20
and killed the next day, contained spemmatids in practiecally
the same stege.

I start with the recently divided secondary spermatocyte
wvhere the daughter cells (spermatids) are still in cantact,
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However, the cells have become qulite rounded. lThe nucleus 1is
now about a.b‘P %ide in a8 cell of 7.5 P; the enromutin is
deeply stalned in a clear Karyolymph. The chromosomsal mater-
ial is malinly disposed on the lnner face of the nuclesar mem-
brane. Externally, st one slde of the nucleus »nd almost in
contact with 1t, there are 2 fine dotd. These way well be
derlved from & centriolse.

shortly after separation of these daughter cells,
their nuclel become much more pyknotic; in fact they stain
80 deenly that they are nearly opaque (Flgz. 35). The nucleus
is diesplaced to one side of the cell durling thls change and
becomes nval. The 2 externsl granules Just referred to are
tound near the nuclear membrane 1in the larger cytoplasmlc
arez, near a little depression in the nuclesar wall. Tone ¢y-
toplasm grows; 1t increases the cell dlameter to 8 u. The
2 granules move Lo about 2 A from the nucleus, and are seen
to be surrounded by a naln~-llke lighter zone. They &are now
g0 arranged that a line drawn through both would coinclde
with the ghorter axis of the nucleus; and they are sbout
0’3,P apart. The granules stain darkly, and frowm the wost
distad one an extremely fine flbril is observed to traverse
tne cytonlasm to the edge of the cell, directly away from
the nuclsus (Fig. 36,.

Following this, the nucleus again becomes spherical
and aponarently shrinks (4QF}' It staine uniforamly and opaque-
ly; but the gradient of stsining Intensity deepens graduslly

toward the edye of the disk as viewed. This indlecates tnat the
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chromatinic material is for the wmoment dispersed more smoothly
over the inner face of the nuclear meubrane. The dlistad eyto-
plasmic granule has wmigrated to the edge of the cell farthest
from the nucleus, and a free fllament is growing froum it., A
prominent additional granule comes Lo vievw now for the first
time; this may be the paranucleus ( Nebenkern, chondriome).

The next stage in development is elucidated frowm
tissues taken and killed Mareh 20, from & male lamprey of 99% wm,
length on February 2. 5iriking changesa are taking place at
this time. After the pyknotic contracition periocd undergone
by the nucleus just desoribed, it reverts again to a more
hyaline condition. In plane section the spermatid begins to
resemble a round-~headed kite, with the nucleus in The uppex
half-circle (Fig. 37). Below, facing the "tail', the nuclesus
is Tlattened. Resting against this flattened nuclear meumbrans
there are at least 2 granules, alightly separated from each
other. A fine filament leads from each of these 2 granules
to another one more distad, creating a iriangle in which the
waell of the nucleus forms the base; inside of the triangle
there 1s a very dense material. Just beyond the outer apex
of the triangle there is a larger granule, from which the tail
filament originates. There seems L0 be & connectlon vetween the
blepharoplast-like distal granule and this apex of the triangle.
At this stage I have been unable to identify a paranucleus.

The cytoplasm tapers for a very considerable lengith along the
tall filsment; the cell has therefore a length of lhlp and more.
None of these cells or the later stages whioh may coexist with

thew are to be found in any significant arrangement within



the lobule.

Tne next step 1ln this sequence is that bue nuelsus bLe-
sing to e¢longiite, uad bLue lutter assuues & charoteristic
"teardrop" shapje, with som diaisution in eross diameter (to
4 and 3 p). The polnt of the "drop"” extends toward the tail
arocess (Flee 38). At tnis time there can be seen in the nu-
cleus a fing fibril whilch extends from the "¢entriolar"” ap-
paratus toward vwhat may be properly termed the acropylar end.
In tnis scropylar reg lon, and apoarently just oulside of tne
nuclesar aenbrine, there c¢ome into view a few blackly stain-
Ing granules. These granulegs are found in contact with the
nuclear meumbrane at flrst on one silde; tney move on the nu-
clear fuce toward thne acropylar central nolnt and coalesce.
This secms Lo D& ths aerosome. I have not bsen able Lo deamodn-
strate any assnclatlion wlth a Golgl Aplxmratus.

The nucleus progressively elonwates (to 7.2 p) wnd
again stains opaquely. At this polnt a series of fine fibrils
connects the poaterior point of the nucleus with the "cent-
riolar" granules, and these Seem LO be assocluted with Lhe
widdle plece of the developlng epermatozoon. At tine dcropylar
polint there 1s an intenaely stalnlng, very dark granulse.

On #&arcin 21 the wmwaturing spermatozoon has begun to
agoume the hablt of the ripe male sex csell. The cytoplusa
aboat tihe nucleus has become 80 thin that it ecannot be dls-
tinguished. ''he rest of the cytoplasm has mlgrated toasard
tne tall, sand tnen 1t seews to Jdlsappsur. The wmode of thils

disa pedrance has nol been res lvesd.
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Mlora

Length %idth

Head filanpent 13 #
Head (nucleus) 12 to 15 1.%
Splral part , 25 .5 to 0.8
Cylindrical sart ) #@lddle plece 15 -0
Tall filament 160 to 200

and over

Total length 22 to 266

(1) The hesad is lancet-shaped, and slightly curved. It
tapers to a polint anterlorly. The nucleus stains deeply with
iron-alum hematoxylin, although clear, vesicular-shaped areas
can be seen. The head terminates in & very small acropylar
knob Trom wmnleh extends

(2) The head filament. Thie is best scen in Gentian-vio-
let stained material. It 1s exceedlngly fine, and can be
seen in living materisl only under favorasble conditions. The
apparent continuation of the head fllament traverses the nu-
cleus lompltudinally posterad, to terminate in a granule-like
knob at the peginning of

(3) The spiral part of the middle plece. This consists
of & very finely cylindrical core about which a splrally
wound riboon-shaped structure undulstes in about 6 turns. At
the caudal end of this part there is a shaft wshilch termlinates
in 2 granulas. Bey-nd thils extends

(4) The tail filaoaent. Thls 18 not anteriorly zs thin

&5 the head filament. It appears to taper off to a fineness

#Too thin to amesasure.
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which cannot be resolved with availlable equipment.

The spermatozoon is extremely fragile. Hapid pipetting
will fragment it and aceto-carmine dissolves the filaments.
In other media these cells form tangled wefts. They are part-
icularly prone to coil on themselves, and look llke signet

rings as a result.



CRAPTER IV
FERTILIZATION AND CLEAVAGE

1, Fertilization

A. Changes in the Odecyte During the Spawning Periocd

Following the prophase-like configuration described
on pp. 8% and 47, it is found that the nucleus umigrates to
the area of the hyaline polar plasm where it comes to lie
imnediately under the plasma wmembrane. The coarser yolk gran-
ules are distributed in the vegetal hemisphere of the ege,
but finer deutoplasm has infiltrated under the plasma wmen-~
brane beyond the equator for perhaps 30°. The foamy appear-
ance 80 apparent at Meliosis I is still retained, but the
veslicles are small and are scattered just under the plasma
memubrane.

Some of thes ensulng developments now to be describ-
ed are inferred from cobservations made on the bshavior of
the fertilized egg collected within 15 minutes of spawning;
slide sections of stages juast prior to Melosis II in the
ocoeyte have not yet been available.

Ko polar body has ever been observed associated with
an unfertilized egg. Many slide sections of such eggs, fresh,
moribund and in varicus stages of dissolution, have been
serutinized; in these, likewise, no second polar body has
ever been found. Conversely, vhen the second polar body has

60
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been ocbserved, the egg proceeds to cleave. From the foregoing
I an of the opinion that this ofcyte, just as that of other
vertebrates, forms the metaphase plate of Melosis II parallel
to the plasma membrane. The metaphase then stays in arrest un-
t1l the entrance of the spemuatozoon, vhersupon it completes
the meloslis. The extrusion ¢of the second polar bhody has dbeen
obaerved both from slide material (Fig.¥l) and in the living
zygote.

The newly fertilized egg is very nearly apherical 1in
contour, except for a flattening in the future animal poles. It
is a very light buff-colored to gresnish ball, almost white,
and roughly 1 mm,. in diameter. The area of the animal pole is
cream-colored and has a vhite fovea or depression more or less
at its center; the later conastitutes the central part of the
polar eytoplasmic cap whersin the nucleus would be found. The
vegetal hemisphers, &3 vell as a band of variadle width adbove
the equator of the egg (towards the animal pole) is an extreme-
1y light-green ~-- what I would call an apple-green. This color
deepens at the vegetal pols, and fades above the equator; the
border between the 2 areas is diffuse. To some extent the
slight mellowness of appearance 1s contrlibuted by the vitelline
mnembrane, for the contents of freshly ruptured eggs are light-
or in tone (Pig. 42).

A gelatinous envelope surrcunds the egg, and upon conw
tact with vater expands to about 250 R in thickness. It con~
sists of at least 3 layers: (a) An outer, translucent, thin
and viscid layer of variable width, to which suall particles
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of gravel adhere with great tenacity. It behaves much as
though it were a mucin. Like a slime, this lgyer ooses over
the fine particles adherent to the envelope; and vhen the egg
i8 detached from this granular layer, the particles still clump.
Pine strands of this material can be seen streteching between
the sand grains vhen the latter are pulled apart. (b) The mid-
dle layer, vhich constitutes most of the egg capsule, is guite
transparent, It has an outer wall which is elastlic and tough,
and which may be a precipitation membrane. It turns opaque in
dead eggs. (c) An internal layer, which is very thin and in-
vests the vitelline membrane.

B, Syngamy

The spermatozoon, either from perhaps its own transient
activity, the directive fores of ejaculation, or the great num-
ber of spermatozoa expelled to make contact more probable,
comes %o lle on the outer viscid coating of the egg. Contast
with an egg 1is possibly enhanced by the length of the head and
talil filaments; but eggs frequently are layed which do not be~
come fertilized. There is no micropyle; the male sex cell
travels through the vitelline meubrane leaving it in a slight-
1y undulating or helical path (Pig. #3). At the instant the
spermatozoon touches the plaswma membrane, or very shortly there-
after, thiz latter membrane appears to dissolve or rupture at
the point of contact; and & small, omsicml elevation of the
egg cytoplasm 1s raised about the point of entrance (Pig. 44),
The apermatozoon loses 1ts head and tall filaswnts in the aet
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shortens somevhat and turns end for end so that its foruer
posterior end is directed, as vwell as the longitudinal axis

of the still characteristically shaped head, towards the cen-
ter of the egg. Here a centriole appears proximately, sur-
rounded by & very finely radiate aster. The c¢ytoplasm of the
egg circumjacent to the sperm-nuclear area is stalned as though
some of the material wvhich had formed part of the spermatozcal
head wvas Dbreaking down. The area outlined by the head is about
9 x 12 pu, showing that it is beginning to alter to the form
next described (Pig. 45).

In its progress along the copulatory path the nov male
pronucleus seems to leave a very narrow, rather torturcous and
hyaline path in the deutoplasm. After it has traversed a dis-
tance of 50 u into the ovum it creates a translucent,spherical,
relatively granule~Ifree area in the finer deutoplasm about 22
g in diameter. Very swmall chromatinic units, presumably the
chromosomes, can be seen radially distributed throughout this
hyaline body. No nuclear weumbrane can be observed at this time.

There are indicaticns, eorrelated from the presenta-
tions in a number of slides, that the male pronucleus migrates
tovard the axial strand, wvhile the female pronuclsus moves,but
far more slowly, towards the upper part of it. The reason for
the uncertainty of identification at this time 1is: the chromo-
somal elements stain faintly and in the female pronucleus at
any rate, appear to becoms very reticulate. The next certain

appearance of the pronuclel (as I have been able to observe)
shows them in the upper polar cytoplasmiec sres, at the animal
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pole, about 5 u below the plasma wembrane (Fig. 46). They
have oval outlines, cross-axes of about 12 x 8 u, appear to be
denser than the cytoplasm, and have a finely reticulate intem-
al structure, One of them appears to have & centrisle, surround-
ed by a small halo. I suppose that this is the wmale pronucleus.
By this time there has occurred a displacement of the
deutoplasm. The finer yolk granules are uniforuly distributed
over the periphery of the egg, and the coarsest deutoplasm has
been relegated to a nearly central area. Here the largest yolk
granules nov assume & sticky appearance, and stain much less
deeply. Sectlions support the conclusion that a wave of the fin-
er deutoplasm has eddied down on one side of the egg as shown
in the dlagram. Undoubtedly
the pronuclel now approach
one another, and resolive
themselves into kinetlic fig-

ures in preparation for the

first cleavage metaphase. Ix-
ternally this menifests itself g;““ﬁ‘;‘; gﬂg;&‘gpiigi
by 2 pimple-like elevations in the plasma membrane, with a
fine, hyaline line appearing transversally in the opajue white
foven between them. The elevations sre probably to be associ-
ated with the confluence of the cytoplasmic material about the
cytasters of the first cleavage.

The total elapsed time between oviposition and the begin-
ning of the first cleavage 18 at least 6 hours (18° to 22%.),
probably sbout 7, perhaps more. Endeavors to be more precise by

interrupting the mating lampreys lmmedlately following a spawn-



66

ing act lesds only to an hour-long fright reaction. Repeated
interruptions cause an indefinite cessation of activity. One
would almost believe that the animals know when they are
alone; not until I had retired (about & a.m.) on 2 ocoasions,
414 cyclostomal love~making then proceed with ardor the re~
malinder of the night, judging from results the next morning,
i.e., a large number of eggs were layed and fertiliszed.

2. Cleavage in General

All cleavages are holoblastic, as in other lampreys.
The distribution of yolk is such that beginning with the
third division, cleavages sare unequal, with the produection
of micromeres and macroweres as will be described.

J. ZXirst Cieavege

A. EBExternal Morphology

Ineiplent to eleavage, the 2 1littls protuberances on
the surface of the egg at the animsal pole become more prouin~
ent. Between them the hyaline streak sinks down, and a crsase
indicates ths location of the developing septum between the
firat 2 cells of the nev embryo. This cleavage furrow lies
at right angles to a line drawn through both of the initlal
prouinences, and cuts the zygote vertically. Ideally it coin-
cides also with the polar axis of the egg; but oceasionally
it is obviously paramedial, or mors rarely tilted out of the
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vertical. This 18 evident in the latter case because the light
green area of the egg then 1s divided unequally by the cleavage
plane.

The first division septum (Fig. 47) begins to develop
very slowly. After a varilable period of time, roughly 90 min-
utes or more at 22° C., it subtends an angle of about 60° on
each side of the animal pole. The furrow now becomes very deep,
approximately 1oo‘p from the orizginal curvature of the undi-
vided zygote. In 30 minutes more (about 2 hours in all), the
cleavage 13 completed. The eabryo now resembles two smooth,
old-fashioned, stemless china doorknobs, apposed base to base,
and within the transparent vitelline membrane. The completed
first cleavage endures for 35 to 40 minutes at 22° ¢ . Toward
the end of this perliod the strongly incurved walls of the
cleavage furrow are somewhat flattened, apparently because
tenslone arising in kinetlc phases of the first mltosis are
relaxed by the accomplishment of the latter. As a consequence,
the 2-celled embryo assumes & more spherical form, and the
furrow where the cleavage plane is tangent to the outer sur-

face becomes shallower.

B. Internal Mdorphology

The embryo at the end of first cleavage has cross-
axes of about 977 x 653‘p. The cleavage furrows are about
TS‘y deep. Rach blastomere hag 1ts own internal cell wall
and the surfaces of the two celle are adherent in a peripheral

cireular ring about 260 u wide. Discount ing the



depth of the furrow, this leaves a cleft-llke mpace between
the two cells about 300 u long and centrally about 40 u wide
(Fig. 48). This cleft is the beginning of the blastocoel.
The hyaline cytoplasm 1s now distributed about each nucleus
and in turn it is partly surrounded by the finer deutoplaanm,
which is found in the upper part of the cell. A remnant of
the poclar cytoplasmic cap persists at the animal pole. The
cleft between the two blastomeres blsects the very coarse,
sticky, granular area of the deutoplasm which has not, ap-
parently, changed in relative position. External to this
area, and ln the remalnder of the vegetal hemisgphere, the large,
deeply staining yolk placgues are homogeneously distributed.
The flner granulesg once observed in a peripheral band uni-
versally in the vegetal hemlsphere in the early gygote, are

now absgent from this region.

4, Second Cleavage

A. External Morphology

The second cleavage is chiefly meridional and at
right angles to the first. While beth primary Llastomeres
initiate division at about the same time, situations have
been seen where the second cleavage was asynchronousg; in-
deed, one blastomere may complete division before the other
starte. The planeg of the cleavage in the two blastomeres
may be in the same straight line, but more often they are
offget as viewed from one of the poles {Pig. 349). The
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second cleavage starts at the animal pole or nesr it, and
causes a furrow to appear at that place tangent to the esp-
tum of the rirst cleavsge. This crease courses mesially down
the slde of the blaatomere, and deepens progressively as it
does so. In other respects the behavior of the furrow is
very elmilar to that describaed for the first cleavage. The
crease flattens, and the original spherical contour is more
or leas spproached.

Toward the mlddle of the four-celled metabollc stage
a characteristic event takes place, which is destined also
to be reduplicated Iin at least the next 3 cleavages. Where
the 4 cells meet superficially at the poles, they retract
from one another and leave & sm2ll cavity between them. By
the end of interkinesis they have sgaln rejoined at the sur-
face; nevertheless sectioms show that internally the cavity
is often partly retained as & cleft between the cells.

From 6 sets of observations, 4 at 22° ¢. and 2 at
272 ¢., the time of second cleavage averages 25 minutes.

The intermedlate interval between this and third cleavage
18 unusually long; 3 observations show it to be about 75
minutes. The reasson for this 1is unknown.

Now I wieh to mention & phenomenon whlch challenges
further careful investigation. It has been discovered that
zygotes which have been rotated through 180° in position
some time after having been layed, will undergo lrregular
cleavages. Thie is particularly true if the vegetal pole 1s

placed upnermost; apparently the abnormal geotropic effect
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causes the pronuclel to migrate to the new "top-side."” The
resultant cleavages are displaced, and cut shallow, circular
furrows at very off-center angles. This 1s reminiscent of
the frog's egg upon inversion (Rugh, 1948, pp. 198-201); but
the unusual effect 1g more easlly produced in the Maryland
Brook Lamprey for the egg does not rotate, and is held in

place by its encaelng gravel.

B. Internal Morphology

The septum of the second dlvislon cuts through the
deutoplasm in the same¢ manner as does the first, The arrange-
ment of the yolk granules is little altered, considering the
embryo as & whole.* The more plastliec yolk material is cen-
trally placed about the blastocoel which now has the shape
illustrated in Fig. 50; the clefts of the two divisions are
confluent. The cleft cavity is fllled with & hyaline maierial
which 18 probably liquid in life.

The nuclel are usually located in the animal heuisp-
phere, abtout midway between pole and equator, and are close
to the internal angles of the blastomeres. They are more
frequently found in 2 kinetic state because of mitotic
activity, stain poorly and the chromogomal elements eover

an area about 18 B in diameter. They are in a hyaline

*This 1e not true in eggs which had been inverted after
layling; in the latter there is a mixing of the deuto-~
plasn, and the clefis between cells are greatly widened.
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cytoplasm of variable size, about 55 £ 25 n across.

Thias clear area was observed in several cases to
be bounded rather definitely by a finer layer of yolk gran-
ules, and 1t 1s characteristic of this layer of deutoplasm
that many of the yolk pelletes are partly stalned, the
colored part appearing as bands or as irregularly shaped
internal structures. Under 100x the deutoplasm at times
exhiblte & elightly radiate arrangement of the granules,
with the nucleus &s a focus. This more variably stained
yolk 1s 1n g concentric band which is about 140 x 200 p
in sec¢tlon at the nuclear level. It 1is surrqunded in tumm by
the coarse, deeply stalning yolk field; the latter extends
to the vegetal pole except near the central clefts of the
blastocoel, At the animal pole a8 sumall hyallne cap is
observable, which occurs in all four blastcmeres. This has

dilsappeared alter third cleavage.

5. Th;rd Cleavage

A. External Morphology

The third cleavage, or perhaps more properly, the
third generation of cleavages, takees place in a horizontal
plane. These cle&vage planes cut the first two septa at
90° or very nearly so. The new septa are tangent to the
external surface of the embryonic sphere from 8° to 26°

above the equator, in the animal hemisphere; and the result
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is to divide the embryo into 8 cells, 4 of which are smsller

than the others. The smaller quartet {(mlcromeres) lie around

the polar axls in the upper animal hemlisphere, and the larger
(macromeres) in the vegetal hemisphere (Figs. 51 and 52). The
maeromeres eontain nearly all of the grossly granular deuto-

plasm, and hence thelr descendants will divide more slowly.

The cleavages &are heralded by superficlal color chan-
ge8 in the upper animal hemisphere, which translently appesara
to "blush"; thnat is, it becomes slightly greener about 30 nin-
utes before the beginning of the first cleavsge in a blasto-
mere. It pales somewhat about 15 minutes later, mors or less.
It 18 inferred that this involves a relocation of the deuto-
plasm, for sections show that the polar cytoplasmic cap has
disanpeared, and some of the yolk is reorienied.

The 4 blastomeres take about 15 to 20 minutes to d4i-
vide at 222 to 27° ¢. (4 observations). They do not cleave
simultaneocusly but in a variable sequence, the fourth and
last divielon starting about 6 minutes after the first. It
hag not been possible to determine which blastomere, 1f any,
initiates the firat of the divisions. In other words, the
sequence of cleavages appears to be random. It le true also
that the nuclear equatorial plates do not necesesarily coin-
cide with the horizontal plane; e¢leavagee have been found
that start vertically toward the vegetal pole, only to be
deflected back to the horizontal when half completed {perhaps

by the relative resistance of the coarser deutoplasm;. In
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the O ¢ases observed, the cleavage furrow starts on one
side of the blastomere, and then proceeds across.

Upon completion, the horizontal furrows sink towards
the center very deeply, and the effect 1g to 1ift the micro-
meres away from the macromeres., There ls now a further sepa~-
ration which takes place at the animal pole where the 4
micromeres meet. The latter retract somewhat from each other
at the polar axis, and appear as 4 spherolds arranged in
the shape ¢f & Greek crosgs. The 2 opposite micromeres are
in cloger contact; this requires that the longltudinal axes
of the 2 pairs be curved slightly, the one at right angles
over the other, the "arc® of the lower palr being inverted,
During the metabollic phase after division 1s completed,
these deep furrows become shallower and the polar cavity
superficlally closeg; 1t 1s retained under the surface,
however., The duration of the metabolic phase beiween the
completion of the last of the third cleavages and the onset
of the fourth generation averages 70 minutes (mean of 11

observatlone at 22° to 27° C.).

B. Internal Morphology

The overall horigontal plane of the third cleavage
as viewed in embryonic midsections, is a slightly curved
ellipsoid. The convexity is towards the animal pole; there-
fore the concavity faces the enlarging blastocoel. The

vertical central radius of the convex digplacement 1s roughly
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7% of the dlameter of the cleavage plane (Pig. 53), Be-
cause of the offset cleavages of the first 2 blastomeres,
the outeide edge ol the third set of divisions is not circu~
lar but somewhat irregular, As a consequence the outside
¢leavage furrows in some places are farther above the equator
than in others.

The micromeres are packed with the finer yolk
granules. The latter average 3 x 1%vp in slze, but increase
slightly in dlmensions at the outside wall of the cell.
There is alse a thin, sticky appearing and less densely
staining deutoplasmlc layer facling the blastocoel, where
the yolk disks may be 3 X 7 p. Under i00x the change In
density of the deutoplaam at the gepta meparating micro-
mere Irom macromere 1ls abrupt. There ls an oblong hyalline
area in the micromere, frequently near the last septum
formed. A scattering of fine frothy vesicles fringes the
micromeres at the time they approach or undergo division.

The macromeres have the largest yolk granules, some
being 12 x 10 p. At the external surface there 1s a layer
of {iner granules; this stratum is 25 to 40 u wide. That
part of the macromere facing the blastocoel 1s filled with
veslicles, the larger of which may break down and open into
the blastocoel. Thus "pockets” appear and the very large,
sticky and lighter-stalning yolk oceurring here forms
ragged, club~-shaped strands between them, The blagtocoel
is now over 600 x 250 B in section,

Measurements of a few micromere nuclel indicate

Cross~axes of 12 x 9/&. There is a clearly outlined nuclear
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membrane, and the chromonemata can be seen easlly. The
nucleus ig of'ten in the hyallue cytoplasn, but it may be
anywhere in the cell, In the macromeres Lhe nucleus has
the same morphology, and 1 lies 1ln a asmali laland of c¢yto-
plasm of variable size. The border bevween the deutoplasm

and the hyaline area here lg sharp.

6. Fourth Cleavage

A, External [Morphology

Generally, the fourth cleavage takes place in 2
steps. The micromeres divide first and then, after an in-
terval, the mscromere quartette accomplishes division., At
this time, however, cleavage generationsg begin to overlap,
because the micromeres divide much fagter than the more
¥olky macromeres. Indeed, in one example (which sppears to
be exceptional) the second divigion in one of the gquondam
blastomeres had not guite been completed at the vegetal
pole when the first cell of the fifth generation had been
cut off at the anlmal pole! At the end of this genevration
of cleavages the embryc has the typieal appearance of a
blastula, for the blastocoel has the conventional relation-
ship ascribed to that stage 1in & holoblastic teleolecithal
enmbrvo.

Based on observations from 24 embryos, the micro-
meres start to divide first, and they cleave not simui-

tanecusly but in succession., The order of divieion is
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variszbld, but shows some tendency (6 observations) to rotate
counterclochwlise, as viewed looking down on the aniuwsl pole.
Yrom the beglnning of the first to the completion of the
fourth furrow there was an average intarval of €& ainutes at
729 C. The embryo 1s now apparently qulet for about 16 min-
utes; then the macromere furrows start to become visible.
The duration of tnis phase of cleavaye 1is quite variable,
although the furrows nave formed in 8 alnutes at 272 ¢. at
22? ¢.and colder temperatures the dilvislon may ta<e over an
nour, during waiich time the flfth generation of wicroueres
has proceeded far in division.

The cleavage planes of the micromeres are more or
leas verpendicular to the longltudinal axes of the dlviding
cells; but I have seen no horlzontal divislons here. Int he
macromeres 1l observations indicate that the dirsctiom of
the nlanerg 18 nore varlablie, but it 18 usually vertical.
Nearly horizontal cleavages d» occur here, however, and with
s>me frenuency. In the micromeres the division plane other-
wise any be at any angle, exeeptl that the palred underlyiling
@1crom§reﬁ which are separated by the dorsad aseting of
the nalr at right angles tH them, have not been found 8s yet
to divide in the nlane of thre axis.

Tne f>llowing diagrams 1llustrate some of tne divi-
Bion »Hatterns as viewed from t ne animanl pole (the dotted

lines are fourth generation clesavage furrows)!
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Diagram showing successlions and variations 1in patterns 1in
the fourth and fifth generations o1 cleavages (see text).
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Disgram ghowing successions and variations in pstterns in the
fourth and fifth generations of cleavages (see page 77 also).

It 1s seen that there are 2 tendencies: (a) to
dlvide parallel to one of the meridional cell walls already
set up and (b) to start the fifth division very early by
separating a cell of that generetion almost exactly at the
anirmal poie. It is concluded from this that between the
third and f{ourth divisions the nuclei of the milcromeres
(and the macromeres as well) rotate about 900 in one of the
cardinal directions, and sometimes willi rotate to a variable
degree in the other, incident to esgtablishing cleavage

divisions.

Internal Morphology

Cromss~gectlions disclose that the mlicromeres are in
& single layer over the blastocoel, Connectlons velween
the cells are tenuous, for the blastocoel reaches up belween
each cell almoast to the surface of the embryo; and the

roughly 80 to 200 u wide band at the embryonic rim where

78
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cell interfaces are adjoined 1is interrupted by large lacunae.
The micromerie layer 1s about 270 B in overall thickness, al-
though there 1ls great wriation. Under the mlcromeric layer,
where these ¢ells adjoin the macrowmsres, the latter underarch
and almost meet &t the polar axis, ag these sare shaped in their
radial center planes llke vaulted arches. However, between each
macromere, as in the case of the mioromeres, there are clefts
open to the blastocoel; 1in asections therefore, configurations
appear wshere the interface between micromere and maerocmere 1s
Yery narrow.

As in the previous cleavage, the cytoplasu of the mi-
cromere shows & stratification which 1s somewhut parallel to
the surface of the embryo. There 1& & deeply staining, finely
granulated layer at the eabryonlc surface; and & spongy, more
or less coarse and not-so-deeply stalning deutoplasmic area
facing the blastococel. In between, except where Lhese 2 are
in contaet, 1s an approximately lens-sghiped area which is
very hysline. The cell nucleus lles in the center of the last;
it has cross-axee of 11 x 9 M and is provided with a prominent
centroephare in whiech there 18 & well-defined centriols.

The maeromeres present very much the same appearance
28 that described under the third cleavage. The internal sur-
race of the macromeres of a dlssected egg lo0k apongy, amd
under a needle dehaves like Ifriable cottage cheese.

The internal cavity 1s now very large, &nd re&ches

almost to the periphery of the embryo along cleavage lines;
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in places it 1e more than 70O u wide. A2 has been seen, 1t
starts as a cleft between the firet 2 blasgtomeres. Further
development 18 typleally that or the blastula, description

of which follows.



CHAPTER V
THE BLASTULA

. Ggneral Considerations

The development of the blastula of the Maryland Brook
Lamprey generally is similar to that described for L. fluwi-
atilis (Lbnnberg et al., 1924; Pletschmann, 1933). The bases
for this conclusion are (a) my observations on external de~
velopment in the second and third day embryo; (b) examination
of slide sections, with correlation of presentations to changes
in external appearance and (¢) comparisons of stages of de-
velopment in the Maryland Brook Lamprey with those reported
Tor L. fluviatilis, stage for stage.

This obssrver divides the development of the blastula
into 3 stages, not only for convenisnoce in description, but
because in each stage there is a speciflcally different ar-
rangewent of the micromeres and macromeres. I designate these
respectively as the

i. blaestuls;
ii. post-blastulaj;

iii. intermediate stage between the typlcal blastula and
the gastrula. I suggest the name torula for this stage (L.
torulus, & little protuberance), because its chief charecter-
istie is the development of 2 little mound-~like laterodoraal
outgrovths which contribute to the formation of the organiz-
ing 1lip of the blastopore.

81
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These stages blend iInto one another successlively in
development, and they muet not be regarded asg sudden, tempo-
rarily statlic presentations whieh endure for a speclfic time
paeriocd. They are, on the other hsand, rather significant phases
which are characteristic of this stage of development. I take

up each of these in turn.

2. The Blastula

A. DefTinition

This phase is defined as that of a hollow ball of
¢ells, whose milcromeres occupy somewhat less than the upper
half of the embryo (animal hemisphere), the remaining super-
Ticles being taken up by the macromeres. There is no nigra-

tion of micromeres.

B. External iorphology

Beginning with the fifth generatlion of divislons
the blastuls presents & tuberculate appearance. The curved
faces of the individual cells show that the smallest cells
are lamediately adjacent to the anlasl pole, &nd the largest
to the vegetal pole. It 18 obvious that & metabolic gradiem
is operating, and the division rate seeums to lncreage some~
what logarithulcally from the vegetal to the anlmel pole.

In the fifth generation of divisions one 0f the early

developments is the cleavage of a nalred row of mlcromeres
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at the animal apex (3 observations). These may be formed
by the gliding of cells, and the aplical cells of the fifth
division appear to contribute half of thew (Fig. 5%). Hext,
the hitherto uncleaved slde of the original fourth genera-
tion wmlicromere accomplishes division; but the cells mesulting
from thls are not quite egqual in size. The equatorlial cells
which border the macromeres are larger. This l6-or-more-celled
set of wlcromeres coexlists with a set of maoromeres which may
not have coupleted the partition of even 8 cells. At this
time the embryo is at least 14 hours old (temperature 22° ¢.),.
Subsequent divisions finslly convert the animal
hemlisphere into a plmply dome; the increase in slze of the
micromeres towards the equator strongly saggests the influence
of the metabolie gradient, The writer has not hean able to
detect any other specific cleavage pattern, however. In the
later stages of the blastula the cells becous stratified
(see below).

. Internal Morphology

Slide sections show that the growing blastula can be
regarded as exhibiting 4 levels of development:

i. The blastula consists of a single layer of cells,
arranged about the blastocoel., This is typlical, for example,
of the 32-cell stage of development (Fig., 55).

1. The micromerss exist in 2 layers, each layer parallel
to the embryonic surface. From uny observations, these layers
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become evident in the sixth or seventh genersation of cell di-
vislona. This stratification is the result of mitoses whoge
cleavage planes do not cut the external eabryonic faces of
the cells (Fig. 56).

111. The micromeres exist in 3 more or less pnarallsl layers
(Fig. 7).

iv. Finally, the mlcromeres are found in 4 levels, and by
thls time the macromeres are dlasposed in approximately 3
layeras. It 1s estizated that the embryo conaslsts of over
1,000 cells at this tilme (Fig. “8).

At the time when the milcromeres are found in 4 layers,
the wall formed by them is about QQG,P in thickness; the ma-
cromere wall 1is 3951P from the blastocoel to the nutside.

The blastocoel 1ls ovold in contour, and contalneg & hyaline,
hizhly veslculate interlor, which gives the Limpression of
being viscous.

At the close of thls stage, the embryo has an out-
line very similar to that of a nen's egg. The axes of the
eabryo in midlongitudinal sectlon are of the order of 1,110
x wa‘p. The longitudinal axis aponears to c¢olinclde very
nearly with the polar axis, showing that there hzs been an
elevation of the animal pole; this foreshadowg the displace-~

ment of the micromeres which is about to take pluace.

3. The Post-blastula

L e, o —

A. Definition

What I term the post=-blastula ls the phuse wherein
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the umicromeres grow down over the vegetal hemisgphere, and
displace the macromeres into the future ventral side of
the animal., This phase is concluded when the protuberances

develop which are characteristic of the torula (ef.).

B. External Morphology

In L. fluviatilis Glaesner (1910) states that the

mlcromeres advance posterlorly and overgrow the macromeres.
The advancing edge of the micromeric sheet iz raised into

a ridge, which he calls a Ringwulst (i.e. a circular, ridge-
like swelling). This invades the vegetal hemisphere until
it forms & small elevated ring about the developing blasto-~
pore. In the Maryland Brook Lamprey on the other hend, this
annular ridge is not gpparent until the micromeres have
almost reached the area of the blastopore. The reason for
its absence is shown in sllide sections; the macromeres

are pushed aside or give way, &and the original contour is
almost completely retained. The effect of this epiboly

is to cause {1} & marked flattening of the vegetal hemis~
phere at its pole, and finally (2) a small annular elevation
through whieh the blastopore will be seen.

It has been stated (Pletschmann 1933) that in
Lampetra this ring is eccentrically placed, and becomes
somewhat ventral in a2 new polarity of the embryo. Investi-
gation will be conducted to determine whether or not this
applies to the Maryland Brook Lamprey as well as to L.
fluviatilis.



C. Internal Morphology

During the later developuwent of the blastula, as has
been just described, the vault of the aniwal hemisphere is
elavated consider»ably. This elevation continuas into the
rresent phase. I interpret slide sections here to demonsirate
the following, in somevhat the order given, although more than
one phase may coexiat:

i. A condensation of the hitherts =opongy mecromeres into
a more compact group of cells,

11, A flsttening of the mecroweres vhere they faoce the
blastocoel.

111. A wmigration of some of the micromeres partly over the
bisztoeoelle surface of the wmscromeres,

iv. A4 grect expansion of the micromeric vault of the
animal hemisphere, I conslder that thils 1z csused by the intus-
suscention of onee internally dispcsed micromeres Into the
more externsl layers.

v. A reduction to one layer of micromeres at the animal
pole, and to 2 layers st about 15° from the pole.

vli. A gradual convex curving of the internal macromeres
into the blastocoel, concowmitent with their retraction from
the original external curvature of the enmbryo.

vii. The epiboly of the microweres superficially over the
macromeres, the space taken by the micromeres being compensated
by the invard wmovement of the macromeres. As & consequence

there appears to be no circular ridge (Ringwulst) at this tiwme.
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vili. The progressive rounding of the macroacres into a

ball.
1x. During thelr eplboly over the rounding mass of wma-

croaeres, the mlerosamsres graduslly develop into an organized
eplithelliua which becomes the ectoderm. At this time the ecto-
dermal eplthelium 1s so reconstituted that 1t occuples 2 hol-
low avhere but very aslightly larger than the ball of macro-
meres which has come to lie within it, just as a hand 1s drawn
into a glove.

Xx. The blastocoel becomes an incompletely spherieal
cleft between the ectoderm and the macromeres (yolk cells);
the latter have now become, according to the usual conventlon,
the endodera.

x1. Where the ectoderm develope toward the vegetal pole,
1t adjolins the endoderm in & very slightly ralsed, flanpge-
like band. At this junction the edge of the ectoderm 1s ele-
vated finally into a small, almost circular ridge. The near
apnroxination of the elrcumference of this ridge closes the
nogt-blastula period.

At the time the internal flattenling of the macro-
merss begins, the egz 1ls a apherold about 850 x 940 Ja in size.
The mlgration of the mier-meres on the surface of the macro-
meres hap starmed (Flg. 59). At the time when the expansion
of the vault of the aniaal hemisphere has takon place, embry-

onle ernss-sxisl dlameters are about 1,33% x 1,01% p (Fle. 60,.
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4. The Torula

The torula 1as the stsge of inecliplent gestrulation.
The epltheliold ectnderm investes the sphernidel endodern,
and a thin, cleft«like blastocoel esparates the 2 layers.
Charaecteristic of this stage 18 the development of 2 post-
erodorsal paired protuberances in the vicinity of the future
dorsal lip of the blastopore, and in between them there is
a2 small elevation marking the site of the blastoporal lip
(Plg. 61). A specimen of this stage Tixed in alcoholic mer-
curic chloride solution* had a long axis (through the dor-
sal lip) of I,BSQ‘F and & horigontal width of 1.084/3. The
vertical dismeter was about the same as the width.

These emall huammocke azppear to coalesce with the
central elevation into & single ridge. This ridge, &s the
writer finds 1t, becomee & part of the contracting annular
border of the ectoderamal epithelium, in the center of whiech

is the developing blastopore.

#A8 used in ths Feulgen technigue.



CHAPTER VI

GalTRULAT ION

1. General Conglderations

The gastrulation 1in the iay land Brook Lamprey, &as
I have observed 1t, doee not appear to be similar in certain
respects to that desoribed for L. fluviatillis by Glaesner
(1910). For example, I have observed the reduction of the
blastscoel to & more or less spherlcal cleft in the late
torula, by the time that invagination beglinas. Therefore,
the obliteration of thls cavity by the act of invagination
asg described for L. fluviatllis is believed not to take
place in the present speelss. Concurrent with this varla-
tion in development, there appears to be another. In the
Maryland Brook Lamprey the eéplthellioldal nature of the
ectoderm is qulte striking, even at the beginning of in-
vagination, and the writer 1is convineed that its charac-
teristics must develop, in part at least, before this
stage. The endoderm has been 50 dealgnated on the baslis

of the same criterion. In L. fluviatilis however, the ob-

literation of the blaatocoel (which is said to be accomp-
lished during invagination) 1s accompanied by &n inward
(proximad) displacement of the macromeres. For this rea&son,
according to this German author, the endoderm and ectoderm
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are not to be 80 termed in thelr characteristic relation-
ghips until after this event. Pletschmann (1935) has no
different account, These differences which seem to exist
in 2 specles, frequently ciassified in the same genus, are
surprising. The reader 1s assured that these conclusions
are expressed only upon careful consideration of presenta-

tiong in microsgopiec sections,

2. External Morphology

The projecting dorsal 1lip of the blastopore is the
hallmark of this stage. Underneath 1t the blastopore it~
self, at first relatively wide but later & narrow slit,
leads into the developing archenteron, Below thlis opening,
the now ventral face of the embryo slopes directly into
the blastoporal vestibule, since the annular ridge 1s now
incongpicuous. This stage 18 achlieved about cr shortly
after 52 hours (20°+ 2° C.).

The overall contour of the embryo is again shaped
like a hen's egg, but it hasg a slightly bumpy surface.

The sharper, conlcal apex igs formed by the blastoporal lip,
and the blunter, the developing anterior end. The gastrula
has cross-axes of about 1-1/3 x }-1/4 mm., as viewed dor-
sally. In 1ife the color is a pale cream, and very light
green ventrally Jjust under the blastopore (Figs. 62 and 63).
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3. Internal Morphology

A. Eerly Stage: Inciplent Invagination

At the beginning of gastrulation the epithelial
nature of the ectoderm is fully apparent (Pig. 64). It
is a more 2r less columnar epithelium lying lmmediately
under the wrinkled vitelline membrane and it invests the
embryo. It is about 25 to 45,% thick, &nd thinnest at
the anterior end of the animal, The cells are of some-
what varliable shape, ranging from columnar or cuboidal to
polygeonal, and are found wostly in one or two layers. The
¢ell cytoplasm is filled wilth yolk granules, of which the
largest are about 4 x 3 u in size. There l1s a roundish
nucleus {(diameter = 8 u) in & small hyaline area which is
more or less centrally located in the cell. The nucleus
does not staln & deeply with iron-alum hematoxylin as do
the yolk granules, and it contains a more deeply staining,
vesioular nucleolus. There are a few granules in the finely
reticulated nucleoplasm, and ocecasiocnally an endosome of
unknown nature appears in the nucleus,

The macromeric c¢ells are packed in a sphere which
occupies mest of the interior of the gastrula. Since the
larger macromeres were at the vegetal pole before the
overgrowth of the micromeres in the post-blastula, their
successors would be looked for in the vicinity of the future
blastopore at this stage. This iz the case; the larger



endodernal cells are in the posterior part of the gastrula,
although thelr septa are observed with difficulty. Other~
wise under low magnification the cells gilve the impression
of being arranged concentrically. Very small lacunae are
infrequently found; the ®all ia to all intents, a sollid
mass (Flg. 65).

Except wheére the zerm layers are attached 1in the
region of the inciplent blastopore, they are separated by
a concentric space which on the average ls about 25‘p wide,
If occasional protrusions of cells (which may be artefacts)
into thia space are dlgregarded, the blastocoel appears to
be empty.

In horizontal sections through the organizing lip
of the blastopore, more dorsal views (Fig. 66) show &
glight incurving in the posterlior medlan edge of the lip.
PFrom the middle of this curve there is a compressed, radi-
ate arrangement of cells growing anterlorly; 1t is roughly
fan-ghaped., These give the lmpression of having been ro-
tated from without inwardly ventral to the dorsal surface,
and from each slde of the lip. This would cause, to be
sure, the appearance of a confluence in the midline, which
appears to be the case.

Serial sectlons cut more ventrad show a deep
lateral incurving of the ectederm. The radiate arrange-
ment here exists both laterally and centrally; and it
seenis qulite certaln that the invagination of cells from
the outside into the developing blastopore congerns the
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ectoderm dorsally and laterally. Most posteroventrally

at this stage there is a swmall area of macromeres wvhich

are not covered by the epiboly of the misrcmeres. 4s a
consegquence, on the ventral side of the developing
blastopore, the inturning cells at this time are apparently

macromeric in origin.

B. Interuediate 3Stage (Invagination)

A longitudinal wedian section shows that the
archenteron has dsveloped in the midline as an extremely
flattened invagination. At this stage it follows the
dorsal curvature of the emdryo, and is therefore curved
over the endodermal mass {(Fig. 67). The embryo has elongated
slightly and its long axis cuts through the dorsal lip of
the blastopore. It cannot be determined from avallable
material vhether» or not there has been a shifting of the
original embryonic axis.

The ectoderm has much the seme unicellular structure
as 1t had in the early stage just described, dut in wmany
places the epithelial cells have become wore columnar in
appearance, Only at the lip of the blastopore are there
exterior cells of manifestly different appearance.

Under the dorsal ectoderm there is an invaginated
atrip of cells which lies between the archenteron and the
foregoing ectoderm. This layer c¢onsists of small, polygonal
cells vhich are spangled with yolk granules. As these cells
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are trasced anteriorly the cellular roof which they build
over the archenteron tapers to & wedge-shaped edge where
it i3 wvell-advanced towards the head. These cells do not
look like those of either the ocuter ectodermal epithelium
or the heavily yolk-laden, large cells below the archenteron;
for example (a) the yolk grsnules are intermediate in size
(about 5 x 3 n), (b) the cells are not rectangular prisms,
{(¢) they are smaller than the macromeres and (d) they have
a look of "being pushed" - 1.s. the yolk granules are in
transverse rows in parallel, and the long axes of the cells
lie horiszontally acroas the layer. These cells also extend
laterally under the ectoderm, and consequently form a sowme-
vhat shield~shaped lamina which converges toward the top
and sides of the blastopore. I have not been able to
distinguish any stratification within this layer; from its
position, undoubtedly 1t includes the anlage of the mesoderm.
A median longitudinal section taken at the curva-
ture of the dorsal lip of the blastopore shows that there
12 a small group of cells which have a triangular shape,
The apices of these cells are directed towards the blasto-
coelic cleft vhich stops at this point. The demarcation
between these and the cells of the eztodermal epitheliunm
is quite obvious; within a progression of 1 or 2 cells, the
histological appearance has changed (Fig. 68). The same
observation helds for the translation of form to that of
the cells of the archenteric roof,
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At the ventral 1lin of the bdblastonore the forces of in-
vagination appear to influence strongly the movement of the
posteriorly situated, large yolk cells. Heslizlly, the endoderam
contalning the largest yolk granules comes to lie in the floor
of the primitive gut, and its yolk cells are carried apparent-
1y by corvection also to the center of the endodermal mass. A
somevhat stellate cleft sometimes appears in the middle of
this slowly turning germ layer; but the cleft seems to be ad-
ventitious and later 1t Alsappears. At this stage the ventral
ectoderm doea not appear 10 sweep into the blastopore; it ta-
pers to a smooth edgs where it 8till coinclides with the outer
ovoidal contour of the embryo.

One result of the development of the primitive gut ia
to establish new relationshipas between the larpe, heavily
yolk-laden endodermel cells and those invaginated dorsally
and laterally. There seemz %o be an anterior and lateral up-
ward displacement of the erstwhile macromeres abnout the peri-
phery. This givea the lapression thai the cavity of the arch-
enteron 1s projecting forward into the sndodermal mass. In
the meantime the advancing frontlier of the new layer of cells
(intumed and lying between the dorsal ectoderm &nd the arch-
enteron) infiltrates progressively between the ectodermal
epithelium and the ecoarsely granuled endodermal cells.

The firat narrow . boundaries Detween these 2 cell
groups are uneven and regged, and sections show scat-

tered, heavlly yolked cells pegged in between thoae of
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the new layer. Thereforae, the endoderwzl cells which are to
pave the celling of the primitive gut are, at this time, in
an 11ly defined state.

. Late Stage {Pro-nsurula;

811de sections of a stage of about 66 + 4 hours (at
20° &= 2% ¢.) show that the 3 germ layers can be identified
with certainty. The blastoporal veatibule is s8till manifest
as & relatively large, cone-shaped recess in the posterior
face of the embryo; the slit-llke pore soc characteristic of
the neurula hag not yet developed. The embryo is still ovoid-
al, and 1t has approximately the same axial dimensions as in
the early stage (g. v.).

2lgnificant devselopments in the gctodera are now tak-
ing place. Laterally and ventrally the ectodermal epithelium
has become thinner; it is about 18 to 20 n thiek. A mueh
thicker longitudinal strip of ectoderm extends from the dor-
sal 1ip of the blastopore far anterad; it curves for about
150° around the 4orsal embryonic outline, and already shows
a slight ridge-like elevation anteriorly. Here it 1ls about
2@a‘p thick and aﬁﬁJp‘wiﬁt. This i3 the medullary plate
which is ancestral to the nervous system.

The medullary cslle appear to be the smallest in the
embryo at this stage. They are covered dorsally by an epi-
thelloid layer which 18 continuous with the rest of the
medullary cells and with the outer ectodermal epithelium;

and the celle lining the plate ventrally likewise
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are somewhat stratified. The remalnder of the cells are not
obviously in any speclallzed arrangement, but they are very
compactly aesoclated and are fllled witn only the finer yolk
granules. In longitudinal sectlions the thlcikness of the plate
diminishes somevwhnat posterad; near the dorsal lip where the
medullary cells give way to the more totipotent cells of that
raglion, it 1is less than 4% ] thick.

The mesoderm can be traced to a geralnally tused arsa
at the dorsal and lateral edges of the blastovoral orifice.
Study of progresalve sections convinces me that most of the
mesoderm, at leaat, 1s not endodermal in origln. To be sure
there are, during earller stages of gastrulatlion, scattered
cells which are found in ¢lose a:goclation with the archenteric
surface of the intermediats layer, and whieh from thelr size,
nigg-&gutqmlaamiﬁ gontent. &nd coargensss of yolk granules
are most eVlﬁéﬂtiy"suﬁmﬁarmél. | The masoderm has grown
anterodorsally and somewhat laterally between the endoderm
and the ectosderm, although it has not yet met in tne ventral
widline. It does not sexhlibilt the coelomle aplit and other
reshaning which will characterlze the myomeres and tne soma-
tonleure and splanchnopleure.

A gtudy of the developusnt of the notochord 1s
reserved for incorporation in future studies of organoseny.

1he develonment of the germ layers and tne advent of dif-

Terentiatlon of the medullary plate closes gastrulatlion.



CHAPTER VI1I

EXTESRNAL MORPHOLOGY OF DEVELOPMENTS
NEURULATION TO HAPCHING

» General

In the earlier stages of the present research, de-
veloping embryos were observed and then lmmediately fixed,
enbedded and sectioned, as studles of slide sectlions vere
scheduled first. As a consequence, no pictures of entire
mounts were obtalned for 1llustration until aApril, 1952,
during part of which time this paper was being prepared,

At the time this paragraph is written (April 20, 1952) the
vwrlter has secured embryos in every stage from that of the
fertilized gzygote to the 18th day (spawning was consum-
mated in a laboratory aquarium on April 2). The tewperature
of the water in the aguarium fluctuated between 18° ana 22°
C., with rare extremes of 16° to 23° C (the aguarium is in
& screened open window in a room which has not been heated
during this tiwe). Therefore, a brief description is now
included of some of the later stages as shown by whole
mounts,

For convenience, the sections which follow are titled:

1. DHNeuruls
ii. Head extension
111. The larva at hatching
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2. HReurula

2tages showing neurulatlion wvere taken from the
aquarium on the 4th day after spawvning. Hence the embryos
described here were from about 70 to 90 hours old. The
embryo elongates at neurulation to about 1.6 mm. in length
and 1t 1s 1.25 wm, wlde a8 viewed from shove. Postero~
ventrally the embryo has the characteriatic light-green
color which 12 assoclated with the original vegetal
hemisphere. Elsevhere the animal is cream-colored to white,
the last color appearing dorsally.

The development of a dorsal, somewhat ribbon-shaped
thickening of ectoderm indicates that the anlage of the
nervous system is being established (see also under Gastrula-
tion). The thickened plate grows anteriorly and at the head
end begins to lift away from the curvature of the anterior
face of the embryo. This cocreates the appearance of a small,
erescent-shaped ridge quite anterodorsally; the horns of
the ridge point posteriorly so that the curve of the ridge
is athvart the central longitudinal sxis of the ewbryo,

The points of the crescent extend as lowv folds which run
posteriorly towards the dorsal 1ip of the blastopore. They
are almost parallel; they converge towards the poesterior
point (Figs. 69 and TO). Betwsen the folds there develops
8 central trough vhich deepens to & furrow, more deeply

at first in the mid-dorsal point, and thence slmultaneously
anteriorly and posterliorly. These are the medullary folds
vhich become neural ridges, and the furrow is the neural

R AL
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groove. In orcss-section, ths plate becomes strongly
curved, and the neural ridges rise higher and turn over
dorsally tovarnde the midline until they meet (Figs. T1
and 72). The nerve cord 8o formed sinks belov the over-
closing epithelium and leaves a high, peaked ridge ex-
tending in the dorsal midline from the most anterior point
of the embryo to a recurved posteroventral terwuination.

During this process, the blastopore narrovs to
an inconsplcuous transverse slit (Pig. 73).

Esbryos collected 100 to 120 hours after spawning
show that the nerve cord has been surrounded by the ex~
panding eplmeres, and the dorsal ridge nov hes & distinot
shoulder, particularly in the future head region. The
blastopore is now identifled with the anal reglon, and is
minute in size,

5. Head Extension

The head extension stage has been found to sxist from
about the 165th to the 250th hour of age (20°+ 20 ¢.), The
embryos begin to hateh in the laborsatory begimming with the
11th dsy.

During the head extension stage organogeny is
rapidly taking place. The metabolie gradient which had
manifested itself s0 strikingly in the third generation of
cleavages agein indlcates that the anterior region is the
zone of the wost rapld growth. The raplidly forming head
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projects itself forward and downward, and 18 aporessed agalnst
the ventral ectoderm. Ites curvature is sharp and forms a cervi-
cal flexure, t he most anterlior nart of which ie ugsed in aeasure-
ments .

At the beginning there is an anterior knob-like nro-
Jectlion whieh 18 continuous with the highly elevated dorsal
ridge in which the developing brain and spinal cord 18 found.
This projecting knob is shown by sections to contain the fore-
brain. Laterally and slightly posteroventrally, there is an
inconspicunus optiec cun. At this time the cervical flexure -
"rump” length is 1.6 mm. and the greatest width from the dor-
sal aspect ias 1.2 mm. (Fig. 74). The head extension 1taelf
is about 450 mm. in helght from the »oint of the sharp in-
ternal angle where 1t bends over the ventral wall, to the top
of the dorsal ectodermal wall over the nervous systeam.

As the head end elongates 1% continues 1ts reflex
curvature, and the globular pnsterovantral part of the animal
eorresnondingly shrinks in size. In this transition process
it looks now like a cnmma when viewed from the side. At first
the centiral axis of the head and that of the posterior part
of the bndy lie in the same dorsoventral plane; but as the
animal elongates there may be a slight torsion and
the head may bDe twisted s0 that, for example, one
side rests =agsinst the ventral curvature, but on the
complementary ventral side of the animal. This

nosture hap been gseen, in A numbsr of cases,
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but thers is no inlication that thie torsion is pert of a ba-
gle growth psttern. Also, I have secen embryos where the elong-
ating head reusined in the longlitudinal doreoventral plane of
the embryo except 2t the end of the "U"-gtnge dlscussed below.

The abdominal curvature 1s often reshaped to accomo-
date the growing heed. That is, the anterlor, upswinging our-
vature of the ventral surface over which the head projects,
oftan develons a sort nf recess Into which the head fits
(Pig. T5;.

The @mlddle period of head extension is ¢ maidered to
have been achleved when the embryo assumes the form of the
letter 1I; that 13, the racurved head extension has about the
szanme length as the rest of the body. Intarnally zt this time
there are 3 sniracular indentatlions in the nharynx on each
side, but they 4o not onen to the cutsids. Txternally the
aplracular area ls charactsrized by & series of low, convex
nlaeadslike formations, between which eventuslly the extern-
21 branchial c¢lefts will form (Fig. 76). Thiz stage 1s
achlieved 1in the early nart of the 10th day under laboratory
emditions.

Beginning with the 11th day, the embryo in the lab-
oratory anuarium begins to straizhten out; and as 1t doss seo,
tha head ruptures the vitelline membrane. It soon ruptures

the gelatinous covering as well. In stralghtening out, the

enbryo takes a form which Hatta called “pilstolformig” ~--
1. e., shaped 1like & pistol. The handle of the pistol would

be the stlll somewhat curved, yolk-lined abdomen.
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4. Zhe Huwbryo at Hatching

The ewmdbryo at hatching ls roughly 3.4 mm. long,
along the chord of the arc formed by the curvature of the
body. The yolk is concentrated around the alimentary tract,
which bulges on account of 1t. The integument ia a thin,
transparent epithelium through which in the living aniwmal
the beating heart may be clearly seen. The spliracular
clefts are not patent, but the future oral vestibule is
deeply inset. The caudal fin has started to form a small
crest and wmost of the myotomes can be seen easily through
the integument. They diminish in sige posterad and caudally
cannot be aounted with certainty.

The reader i3 referred Lo Pigs. 77 and those
following, for the general appearance of the larva at this
time and at later intervals., As I conclude this there 1is
an 18-day o0ld4 larva swimming in a small bowvl in front of
me. At iIntervals 1t seeks to hide under some rice grains
placed in the water. All of its spiracles are functioning
and the larval hood has already formed., A lateral black
dot on each slide in the region of the brain identifies the
eye, and ths pulsating heart winks redly in the light,



CHAPTER VI1I1

DISCUSSIO0H AND SUMMARY

1. Discussion

One of the reasong why the preaent 1Investigation
has been 20 challenging 1 that relatively little haa been
published on the embryology of American brook lampreys.
Another is that although eastern Amerilcan museuus have
specimens of L. aepyptera in thelr cablnets, the warylana
Brook Lamprey hae remained one of the wmore cbecure foras.
Thie 1s because it hss been the subject of infresguent study
and its classasification is apparently still in need of fur~
ther investigation. Again (and this i1s by no means last or
least ), the present investligation has convinczd the wirlter
that esome currently aescepted accounts of embryonle develop-
ment in such lamnpreys as L. fluviatills nee«d to e rechecked
in the light of present-day knowledge of subryonlc develop-
ment. (L8Bnnverg et al., 1924, and Fletschmann, 1933, with
particular reference to thelr pertinent bibllography).

The literature relating to L. aepyptera has besn concerned
primarily with taxonoxlc criteria, distributlion and adult

behav ior,

Ckkelberg (1912) 1lssued an extenslve and detalled
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paper on the early development of the reproductive tract in

Entosphenus lamottenii (3 Z. wilderi, E. appendix, L. wilderi,

L. lamottenil); and Vliadykov (1950) has publishsd recently
some valuable Informatlon on tne larval form of ,,. aepyptera.
It remainaﬂtrnef however, tuat descrintio-ns of embrybﬂlc de~-
velopment of only a few snecles of laupreys constitute anst

af the literature. These specles are, In the maln, Felroumyzon

marinus, Lampetra fluvistills, L. planerl and L. wmitsukuril

(= I,. reilssneri). Jee the works of Pallowitz (194 ); batalllion
(19¢4 ); Blthler (1902); ¥ycleshyumer (189%); Glaesner (1310,
1910a); Hatta (1892, 1207, 1908, 1922); relser (1914); Lu-
bogcn (13204 ); Zeott (1082) and Selys-Longchamvs (1910). Fe-
cent reviews have been guoted.

Tne dsvelnspment of the gametes In thne waryland Brook
Lamnrey annears to be very like that for brook lzapreys in
general. rowever, 1t 1s different in ceriain partliculars,

tor exanple, from that of L. fluviatills as described by

i.ubngch. He waa of the opninlon tnat he could distingulsh
oBgonia in 6 au. larvase, and described thelr nuclear struc-
ture in terms of concepts prevalling in 1904. One of nils wost
interesting statements as guoted by LBnnberg et al. (1324)

ig that the gerninal vesicle »nrior to melosis diminished in
voluwse by extruding 1ts nucleoplssm, whlle the nucleslus

tranagfers its alfinlty for nuclesr dyes to the chromnosoues

arising frow 1t:

....d889 es unter Abgabe des iaryoolssma an Volumen
slch verrinsert, wihrend der <uclenlus .... die Af-
TinitHt zu Kernfarbetoffe zuf menrere aus ihm ent-
stehende Chroansoumen Ubertrist.
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This work is the baasils for deseriptions of this phase of de-~
velopment in the German enceyclopaedic treatlises.

The sequence of configurations presented on slides
of the maturation of the male sex cell closely parallels
those of vertebrates in general. The structure of the sperm~-
atozoon is 20 like that described for other representatives
of the genus Lampetra that it encourages a bellef that the
#aryland Brook Lamprey 1s indeed to be placed in that genue .

Another variation in the sequence of developament
which may be noted here 1s that from the late blastula to
gastrulation. Glaesner's (1910) drawings of sarly gastru-
lation in L. fluviatilis are not at all similar to present-
ati>»ns on my sllides. Rather, the large, bladder-like struc-
ture which he has drasn reminds me of certaln s spects of
sectioms of the post-blastula (g. v.) pariicularly 1if
the latter has somevwhat collapsed in sectioning and embed-
ding.

Pieteschmann (1933) reports a 3-year life cyecle
for the Euronsean brook lamprey; and in other respects the
life history of the Maryland form is A c¢lose reflection

of that of other non-parasitie, rivuline species.

2. Summary

The Maryland Brook Lamprey, provisionally 1ldentified
ag Lampetra aepyptera, has bee: reported from tributaries of

the Patuxent Aiver in daryland since 1388. 3Speclmens weed
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in the present research were taken from Crow and Bear
Branches near Laurel, Md., during the period 1950-1552;
it is a typicel non-parasitic brook lamprey. During this
time no other apeciles of lamprey has been found to coexist
in the same Branches.

This lamprey is small (104 um. average length).
The adult has the characteristics of the genus Lampetra;
it 13 slate brown to deep rav-umber dorsally and has a
glistening, cream-colored abdomen and spiracular area. There
are 2 dorsal fins dorsoposteriorly, the more posteriocr the
larger; and terminally the animal has a diamond-shaped caudal
fin. In the adults the intestinal tract degenerates to a
useless strand., Its dentition, fins and myotome count
indicate & presumptive classification as Lampetirs ae

The life cycle is considered to be 3 years. Spawn=-
ing takes place {rom about April 10 to May 10 1in concave
nests in sandy gravel vhere there 1s clean, shallov brook
wvater. The eggs are fertilized externally after a character-
1stic "wrestling” of the mating pairj the zygote develops
& viscid, gelatinous coat vhich causes it to adhere to the
subatrate and to be covered with sand graios. The parents
soon die after apawning.

Studies of the growth rate indicate the folloving
average lengths of the larva at the end of each year: (firat
year, 34 mm.; second year, 87 mm; third year (before external
we tamorphosis) 110 mm. The ammococete 1is uniforuly brown,

and has a larval hood, reduced fins, and undeveloped eyes.
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Gametes are relatively undifferentiated unt il the
beginning of the second year. The tynical oBgonium is organ-
ized in the 37 mm. larva by the contribution of deutonlas-
mic material to 1 cell in the folliele by most, if not all
of the others. Thenceforth the egg srows until it echleves
a dlameter of QOO‘P. ¥Meiosis I in the egg occurs in October
of the third yvear at the 39th narallel and Melosis (I takes
nlace at fertilization, the secondary oBeyte meteashase be-
ing static just before svawning.

The Tiret maturstion division in the primary sperm-
atocyte occurs in the latter part of Detober and the first
part of November in the third year, and Melosis II then
follows in the next Pebruary. The male sex cell completes
its trangsformation to the mature snermatorzoon in isrch.

The latter has a lancet-ghaped head adbout 12 j long, a con-
necting nlece, and a very 1nong, fine tall Tilament of inde-
terminaste length (over 200 uj. There 18 2lso a very fine
head fillament at least 13/p in length nrolectin: anterilorly
from the head.

At snsaning the ovum has a8 relatively thiek vitel-
line memnbrane in whiech there iz no micropnyle. The egg 1s
sulte yolky and moet of the clear cytoplasm ig 2t the anlil-
mal nole. Txitrusion of the second polar body indleates
the formatinn of the haplold femsle pronucleus; the mating
pronuclel meet 2nd organize the first cleavape aetaphsage
in the snimal hemisphere. This preparetory period takes

at least &6 hours under laboratory conditliona.
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Cleavages sre holoblustlc sand unequel.

Firat cleavege ls vertlecol ond starts at the animnl
pole. [t takes zbout 2 hours (&l tlame observations were
made under laboratory conditione, tcaperaturocs 182 to 270
Cels The 2 blustouweres sniure for about 3% 4o 43 minutes.

Sgcond cleavage is lilkewlse aerldlonal and at right
angles to the first; and the division planes in sach Ylast-
omere are usually sllghtly offaet. The division 1s accomp-
lished in about 2% wlnutes and ths Tollowing 4-cell stagse
lasts aboul 75 minutes.

Third cleavage ls horizontal or very nsarly so, but
variss in level from 8° to 267 above the eguator. It forme
in about 15 to 20 alnutes and divides the ey, 1nto 4 snall-
er alcromeres in the aniwal hemispnere und 4 yoliy wmacro-
meres ln the vegelal nemisphere. Whe susulng metabolic
phrse lasts aboutl 70 minutes.

In the fourth clsavage tLhe micromeres divide first,
thus indicating the presence of & aetabollc gradlent. They
cleave mosbtly in successlon, and all have divided 1in about
6 minutes. aAfter about 16 minutes cleavage furrows appear
in the macromerea. These lasl cleavages overlap the advent
of the fifth generation ol cleavages in the aicromsres.
These divielons are more o0r lesas perpendicular to the sur-
face.

During tne fiftn cleavage lne eswbryo is obviously
a blastula. It is a hollow ball with rapldly dividing ml-

cromeres located initially in a single layer in the a2nimal
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hemisphere, and has a vegetal layer of wmore slowly dividing
unacromeres. The embryo still has approximately the aame
dimensions as the fertilized zygote. The ever smaller but
rapidly dividing wleromeres proliferate up to ¥ concentrie
layers of cells in the vault of the animal hemisphere, the
more slovly dividing macromeres up to 3 layers,

The cell displacement which now oceurs in the
blestula converts it into the post-blastula. The micromeres
migrate and thin out 1into a larger, 1l- to 3-cell layered
dome~like structure, and the macromeres firat flatten out
and then reform into a ball in the floor of the vegetal
hemisphere. The micromsres then grow or extend over the
macromeres, during which time they bscome epithelioid, and
at the end of this stage the inner macromeres fit closely
into the ovoidal mleromeric capsule. The mieromerlic and
macromeric layers ars conjoined in a eircle near the pole
of the vegetsl hemisphere; in the center of this ecircle
there wvill develop a blastopore. The micromeres and meacro-
merez are separated slsevhere by the spheroldal cleft of
the blastocoel.

In the next (torula) stage there develop 2 postero-
dorsal protuberances in the vicinity of the future dorsal
lip of the blastopore, These fuse in the midline. The
blastopore now shovws as & conical dspression ineident to

the coming gastrulation,
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tne gastrula le [ownd on Lhe WRLXG duy. Qhe srenent-
ero ls sccomullslizd Ly epiuoay and lavolutiosn ol eCiLousra
and sndodera wnrougih Lne wvieslopore. Tasie 1s 4 Well-dsl lned
oreHan L ing gratlent ln biae uos postberiorliy projeceliog dorsal
blustoporal 1lp. Thae sroueateron is delleciew dorsalliy, and
le lined with endoderm. The infoldling layer oi cells between
the archsenteron and the dorsal ecioderm furnisnes (among
other tuinge,) the anlage of the mescderm. TYhe ectoderm thiok-
ens in Lhe dorsal widline to fora the medullary plate. sabry-
onic cross-éxes b Lwlis sbage are avoubt i-1/5 x 1-1/4 mm.

“he foraation of lhe medullary plate irom contiguous
ectodern algnals the start of organogeny. Neurulation is eon-
spicusus on the fourtn day, and is cnaracterized by the form-
ation of longltudinal ridges whicn are broadiy connected at
the head end by an anteriorly oonvex, crescent-shiped eleva=-
tion. These ridges approximate esch other dorsomesially and
fuse; and the resuliling splnal cord and bralin formed by tLhem
s8ink below the overgrowing ectodera. ¥he eworyo is now about
1=3/% wa. 190G

The head then projecis out from the rest of the ball-
1ike embryo, and grows proportlonately more rapidly in the
nead extenslion stage. This development occurs from about the
165th to the 2%0th hour. Thne eebryo is whitish, "comma"-shaped
from side view, and shows 1ts Knoblike developlng forebrain
and depressions for future spiracular openings. as it grows,

the embryo bescomes U-shaped and then stralghtens out.



i1z

Ewbryos hateh beginning on the 1lth day in the
laboratory. They are then slightly curved, somevhat clavate
animals of 3.6 to & mm. in length, The yolk 1s novw con~
centrated around the alimentary tract, which still bulges.
The mouth and spiracles are still closed, but the mmsculature
is capable of some wmovement, and the heart is funetioning.
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DEVELOPMENT OF THE GAMRTES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA, sup.). II

FIG. 2 FIG, 3

Adult Male Adult Female
1-2/3% 1-2/3%

Text reference: page 5
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DEVELOPMENT OF THE GAMETES AND EARLY EuBRYO IN THE PLATKL
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA, SUpP« ) e II1

3 Fimbriae

Tooth c)fﬁr;)/e/’/ol" #~

AR
o

‘ Lateral fFcospra
) \\ Jﬁ/bf’a ~Ora/ Lowmina
* > Latera/ Tootsh ((/rnéur/; P

: Throat
=7 B 4 "Tonqe”
S g Loteral @71}:(/(/0/0/

)
, .
’ %\/ Infra-Oral A8ming
S

o % Torder 7o0tt
D

Fosterior (1eld

FIG. 4a. Oral disk, Maryland Brook Lamprey

FIG. Fix. 4e.

Variation in teeth patterns
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DEVELOPMENT OF THE GAWETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAWMPREY (LAMPETRA AEPYPTERA, 8up.). v

FIG. 4e. Median Longitudinal Section
Through Buecal Funnel

About, 15X
(See also FIG. 4=

Text reference: page 1
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DEVELOPMENT OF THE GAMETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA, sup.). v
FIG. 5.

Possible undifferent-
iated sex cells.

From 1,455X

NT: Probable noto-
chordal anlage
EN: End odems

Text reference : p. 55

FIG. 6.

Undifferentiated sex
cells, 2.50 mm. larva.

From 1,455X

NP; Nephrotomal area
Y: Yolk

Text reference: p. 54

FIG. 7.

Undifferentiated sex
cells, 5.95 ram. larva.

From 1,455X

IN: Intestine
MS: Mesonephric tissue

Text reference : p. 54
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DEVELOPMENT OF THE G"mETES AND EARLY EmBRYO IN THE PLATE
MARYLAND BROOK LAudPREY (LA"PETRA AEPYPTERA, sup.)- VI
FIG. 6.

Und iff-rent iated ssx
cells, 11,5 mm. larva.

From 970X

RRO: Red blood coroua-
cle

Text reference: p. *5

FIG. O*

Undifferentiated sex
cells, 1f.R5 mm. larva.

From 970X

DA: Dorsal aorta
POV : Post-c rrinsl veln

Text re ference : p. *6

FIG. 10.

Undifferentiated sex
cells, 17 ran. larva.

From 970X

Text reference: p. £?
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DEVELOPMENT OF THE GAMETES AND EARLY EMDKYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA, sup.). VII
Flu. 11.

Dif ferenti ating
oBgonia, 57
larva.

From 100X

Text reference: p. 57

FIG. 12.

Different iating

oBgonia, showing
undeveloped sex

cells

ONqarg About 650X

rfiwz/e/

Text reference: p. 58

asex cer/f

FIG. 15.

Differentiating
obgonia* showing
nuclear degenera-
tion of accessory
cells

Fram 440X

Text reference: p. 59
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DEVELOPMENT OF THE GAMETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA, sup.). VIIX
FIG. 14.

Differentiating
obgonia, 57 rar*
larva. Accessory
nuclei are disap-
pearing.

From 440X times 2

Text r eference :

p- 59

FIG. 15.
Differentiating
spermatogonia,
46 mm. larva.

From 1,455X

Text reference, p. 59

FIG. 16.

CObgoniura, 76-1/2 ran
larva.

From 440X times 2

Text reference : p. 40



120

DEVELOPMENT OF THE GAMETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA, sup.)- IX
FIG. 17.

O6bgonium, 101 mm. lar-
va.

From 100X timsg 1.4

Text reference: p. 40

FIG. 18.

O&gonium, 101 ram.
larva# showing nu-
clear structure.

From 1,455X

Text reference:
p. 4o

FIG. 19-

S permatogonia,
5°*1/2 mm. larva.

From 970X

Text reference:
p. 41
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DEVELOPMENT OF THE GAMETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA, sup.)- X
FID. 20.

OBgonium, 99 ram.
larva.

From 100X

Text re ferenee:
p. "2

FIG. 21.

Nucleus of oé&gonium,
99 smm-e larva

From 1,455X

Arrow points to polar
cytoplasm

Text reference :
p. 42

FIG. 22.

Oogonium, about
100 mm. larva

From 100X

Text reference:

p. 44

Arrow points to
polar cap



DEVELOPMENT OF THE GAMETES AND EARLY EMBRYO IN THE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA,

FIG. 24.

Secondary ofceyte in 118 mm.
Arrow poita to nucleus.

Text reference:

p. 45

larva.

126

PLATE
sup.) - XI

FIG. 25-

Primary ©<5cyte,
about 100 mm.
larva

From 970X

Arrow points to early
anaphase of
Melosis I

Text refs renee
p. 44,.

Fraa 1,455X times 4
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DEVELOPMENT OF THE GAMETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMFETRA AEPYPTERA* sup.)¥* XII
FIG. 25.

Secondary obcyte
(unlaysd egg, In
situ)* from gravid
adu It .

From 100X

Text references!
pp. 46 and 47

?/asrrt<z ryie/7?6 y~ FIG 25a
A-t/z/x/Zt-ne mesrtb/'zz rtf'

Secondary oftcyta»

structure of vital'
line naembr ane .

From 1,455X

Text referenee i

p. 46

FIG. 26a.

rrinaary spermatocytes
in testis of 116~1/2
*an. mstamorph ca ing
ani:mal

From 1,455X

Chiefly prophases
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DEVELOPMENT OF THE GAMETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAUPREY (LAWPETRA AEPYPTEHRA, 8up.). XIII

O

FIG.
Fli,
FIG.
FIG.
FIG.

il oy

1
Hilixe

MZI08IS I in the primary sparmatocyte, 116-1/2 mm. metemor-

shozing animwal. Drawn from L,495X and enlarged to about 4,0700X

26b. Metabolic phase. Text rsfarence: p. 48

27,
28.
29.
20.

21

Zygotens? stage. Text reference: p, 49
Pachytene stage. Texit referencas: p. 49
Diakinesis. T:xt r2ference: p. 50
lletaphase. Text refarence: p. 50
Anapnase, Text reference: p. 50
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DEVELOPAMENT OF THE GAMETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA, sup.). X

MEICBIS II, secomdary spermatocyte, 10l mm. metamorphosing
animal. Drawn from 1,455X and enlarged to about 4,000X

FI%. 32, Metabolic phase. Text reference: p. 50
FIG. 33. Prophase. Text refarence: p. 51
FIG. ®4. Metaphase., Text reference: pe 52
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DEVELOPMENT OF THE GAMETES AND EARLY EwmBRYO IN THE

PLATE
MARYLAND BROOK LAJPREY (LAMPETRA AEPYPTERA,

8uUp.). XV

S PiRJICGENESIS in a 110 mm. metamorphosing eniwal. From 1,455%

FIG. 35: incipien’ atage. From 1,455X to about 4,000X. Text re-
ferences: pps 54, 55. In FIG. 26 and Flu. 37, development of
tail filament (4,000X): in FIG. 38 and FIG. %9, shaping of

the sperm head (3,000X).
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DEVELOPMENT OF THE GAMETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETHA AEPYPTERA, Sup.). XvI

mredte wieee

~head/ /(//ame///
~bead

i

/ Flg. 4. ‘FIG. 40. Spermatozoon.
% From 1,455X to about
i ~spral Fdre o e
; i el 25.000X.

L Text reference: p. 57
‘t -C y//ﬂ///cq/

"/d ///{émﬂ .
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DEVELOPMENT OF THE GAMETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA, sup.)* XVII
FIG. 41.

Extrusion of
second polar body.

/po/cir

Froifi 1,455X times 2

Text reference:
p. 61

FIG. 42a.

Second polar body

coraplately extruded
from fertilized egg*
From 1,455X times 2

/*oSar Text reference:
p. 61.

FIG. 42b.

Metaphase of
Meiosis 1II

From 1,455X
times 2

Text reference:
p. 61
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DEVELOPMENT OF THE GAMETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA. sup.)* XVIII
FIG. 42c.

Fertilized egg,
external view

About 10X

Text reference:
p. 62

FIG. 45.

Penetration of

Z sperm head into
a6s

From 1,455X to
sp<r/n about 2»500X

*/hg ! _—

Text reference:
p. 62

FIG. 44.

Sperm entrance
papilla

From 970X times 2

Text reference:
p. 62
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DEVELOPMENT OF THE GAMETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA, sup.)* XIX
FIG. 45.

Rotation of sperm
Read. Arrow points
to sperm head .

From 1,4$5X

Text referenee :
p. 64-

FIG. 46a. FIG. 46b*
Pronuclei approaching each other for the firat
cleavage metaphase. Theaa two figures were on
succeeding sections# and one belongs to one
promcleus and the second, to the other.

From 1,455X

Text reference: p. 65
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DEVELOPMENT OP THE GAMETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA, sup.) XX
FIG. 47.

First cleavage
About 15X

Text reference;
p- 67

FIG. 48.

Gleft between
blastoaereSf first
to second cleavages
From 100X

Text reference;
p. 68

FIG. 49.
Second cleavage
From about 15X

Text reference:

p. 68
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DEVELOPMENT OF THE GAMETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA, sup.)- XX1I
FI A 50.

Cross “section Of
second cleavage.

From 100X

Text reference :
p. 70

FIG. 51.
Third cleavage.
From 15X

Text re fere nee :
p. 72

FIGS. 52a and 52b.

Third cleavage,
from dorsal and
lateral aspecte .

About 50X

Text reference:
p.- 72
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DEVELOPMENT OF THE GAMETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA, sup.). XXII
FLA 53.
Third cleavage:
blagtocoel
From SOX

Text r efere nee:
P. 83

Very ecarly blastula

About 50X

FU. b55.

Blastula: micro”
meres in one row

From about 100X

Text reference :
P. 83
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DEVELOPMENT OF THE GAMETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA, sup.)¥* XXIII

Blastula, micro”
meres in two rows

From 100X

Text reference
p. 84

FIG. 57.

Blastula, micro
meres in three
rows

From 100X

Text reference :
p. 84

FIG. 58.

Lateral section
through animal
pole, blastula
having four layers
of microraeres

From 100X times 2

Text reference:
p. 84
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DEVELOPMENT OF THE GAMETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA. sup.)* XXIV
FIG, 59.

Post-blastul a,
beginning of
micromeric mi-
gration

From 100X

Text reference:
p* 87

FIG. 60
Late post“blaetula
From 100X

Text reference;
pP. 87

FIG. 61l.
Torula
About 15X

Text reference s
p.- 88
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DEVELOPMENT OF THE GAMETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA, sup.}* XXV
FIG. 62.

Farly gaatrula,
section

From SOX times 2

Text reference:
P. 90

FIG. 65.

Early gaatrula,
external view

About 15X

Text reference:
p- 90

FIG. 64.

Early gaatrula,
ectodermal epi-

thelium

From 100X times 1.5

Text reference :

p- 91
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DEVELOPMENT OF THE GAMETES AND EARLY IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA, sup.)¥* XXVI
Pia. 65.

' aJ~oe/errrrcrf

Gaatrula: dispoa*
ition of macro-
mere a

About 50X

Text reference:
P. 92

FIG. 66.
Involution at the
blaatopore. * in-
dicatea lip and

arrowa» linea of
flow

From 970X

Text reference:
P. 93

FIG. 67.
Gaat rula
From about 100X

Text reference:
p* 93
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DEVELOPMENT OF THE GAMETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA, sup.)* XXVII
FIG. 68.

Transitional area
in germ layern»
dorsal lip

From 970X

Text reference:
P. o»

Fia. 69,
Early neurula
About SOX

Text reference:
p- 99

FIG. 70.
Neurulae
About 15X

Text reference:
p. 99
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DEVELOPMENT OF THE GAMETES AND EARLY EMBRYO IN THE PLATE
MARYLAND BROOK LAMPREY (LAMPETRA AEPYPTERA- sup.)- XXVIII

Neurulae. Arrow
points to blastopore

About 15X

Text reference
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PIG. 72.

Late neurula, with
pronounced reural
ridge. Head end.
BAbout 50X

Text reference:
p- 100

FIG. 75-

Neurula: blasto-
poral slit

About 50X

Text reference:
p. 100
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Embryo, early
head extension
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Text reference:
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FIG. 75.

Embryo, middle
head extension

About 15X

Text reference:
p. 102

FIG. 76.
Late head extension
About 15X

Text reference:
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Fia. 77e
Larva* at hatching
About 15X
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PIG. 78.
Larva, firat week
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FIG. 79.
Larva* first week
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INTRODUCT 10N

On page 37 of the thesis, .nder Development of the
O8gonium, it 1s stated that the cytoplasm of the first year
o3gonium is d ivided into two well-defined areas: a hyaline, ovaloid
central area about 25.8 u in dlameter in which a darkly staining
round body »f 8.6 u in size is eccentrically located, and a
very finely granular field which is 1dentiflied as the yolk
area. It is atated further that the circumscribed hyaline
area had been 1dentified in other brook lampreys as the
nucleus, but in the present case it was considered to be
cytoplasm, and then it would follow that the smaller, darkly
stained round body would be the nucleus and not a nucleolus.

Two considerations influenced the writer to this
conclusion: (1) the observation of Lubosch ('04) that the
chromosomes issued from the "nucleolus” and (2) the extra-
ordinary size that the so-called nucleolus would attaln;
and to tnis might be added that the metaphase chromosowes
of Melosis I formed a plate which could be placed almost
emtirely within the area occupied by the “nucleolus".

Nevertheless, the writer has not been happy
about this situation, and recently an opportunity was
presented to dissect the germinal vesicle in vivo by the
miero-dissection techniques of Duryee ('37, '41), in order
to determine the actual size and relationships of the
germinal vesicle. This has been done, and 1t 1s found

that in this respect the writer's work needs corrsection.



The obgervations which follow are based upon these recent
experiments, and the discussion which follows 18 a revision
and extension of that hitherto presented.

On page 81 there were three phases listed umder
discuesion of the blastula: the blastula, the post-blastula
and the torula. While t he writer belleves that there is
nothing intrinaically wrong with these concepts, most
writers consider that the stage descrilibed as the post-~blastula
actually 1initiates gastrulation, Accordingly revisionas have

been made.

MLTHODS

In vivo microdlissection of the developlng egg
was performed according to the methods of Duryee ('37, '41)

to isolate and characterize t he germinal vesicle.

OBSEKRV AT IONS
The O8goniuwm in First Year Larvae

(revision of original thesis, pages 37-38)

The field of the germ cell is divided into three
well-defined areas: & more or less ovalold central area about
25.7 X 33.2 u, in which a darkly staining, spherical body
having a diameter of 8.6 u is eccentrically located; and a
very finely granular fleld which 18 destined to be the deuto-
plasm. The granules of the last stain deeply. iicrodissection

in vivo of second-year larvae showsg that a membrane separates



the deutoplasm fromt he lighter area; the latter is therefore

considered to be the nucleus or germinal vesicle. The smaller,
more darkly-staining body within the nucleus has been terwued a
nucleolus in the literature, but 1its true character remaine

to be determined.

A8 has been stated, there apnears to be a great and
somewhat sudden increase int he size of the olgonium about
this time. From the appearance of the deut-plasm, the writer
is of the opinlon that the apparently very rapid augmentation
in volume of the deutoplasm 1s not attained by intrinsic growth
alone. The ovum is regarded as the "succesaful" cell in a
cluster of cells (those of the cyst or folllicle of other
writers), and 1ts deutoplasm anpears to be contributed, at
least in part, by such accessory cella. The progression of
these stages has not been seen in vivo; the sequence of
stages avallable at this time can only suggest but not con-
clusively prove that such 1s the case. The cytoplasm of these
accessory cells becomes very granular, and it has practically
the same appearance which is characterigtic of the develnpling

deutoplasm of this astage.

The O8gonium in Second-Year Larvae

(revision of original thesis, pages 40-41)

On March 29 the ova of a second-year larva were
examined in the living state. These eggs had attalned cross-
axes of 190 x 150 u; the germinal vesicle had an average
diameter of 75 u, and the so-called "nucleolus" was from

25 to 33 u in dlameter. The deutoplasm was quite translucent,



and the gross structure of adjacent eggs could be seen without
much difficulty through it. The germinal vesicle was uore
refractile and except as will be described, was quite uniformly
hyaline. The "nucleolus" was likewiase fairly transparent, and
1t had the highest index of refraction; under dark-field
illumination 1t shone brilliantly.

A number of the nuclei of theae ova were dilssected
from these ova and studied. Whereas in the intact egg the fHra
of the germinal vesicle was frequently ovoid, and its borders
apparently somewhat Aifficult to establish in fixed material,
upon being freed from the deutoplasm the nucleus became a
sphere, or nearly ao. Its membrane was fully apparent as an
extremely thin structure whose thickness was less than 0.5 u.
The go-called "nucleolus” maintained its shape and appearance.

In such nuclei, stabilized and stained with crystal
vionlet, very thin, attenuated structures of varying lengths
became apparent; it 1s belleved that these are the chromoneaata.
At the same time the "nucleolus" absorbs the astain quite
markedly, and in one such preparation wherein the nucleus was
iuptured, the escaping "nucleolus™ maintained its form during

a short period of observation.

The Oogonium in Third-Year Larvae and the Oocytes

(revision of original thesis, pages 41 ff.)
Except for growth, the o8gonium does not change

materlally in appearance until the fall. In October of the



third year the ovum of the larva of 99 mm. length has a variable
but somewhat elllpsoldal form; the average dlameter of a circle
of equivalent area in midsection would be 385 u. On October 13
the future egg exhibits a deutoplasm in which the larger yolk
granules have attained dimensions of about 4.3 x 5.3 u; and
these begin to resemble the yolk granules of the mature egg. The
granulea are distributed evenly throughout the egg except at the
periphery, where a circumferential series of frothy vesicles
begina to appear. These vacuoles range up to about 8 u in dia-
meter and foreshadow the advent of maturation.

The background of the germinal vesicle has now become
more apparently granular and ataina more deeply. The cross axes
are about 65 x 104 u. The nucleus 18 oriented usually to one
side of the cell, which may be properliy termed a pole of the
cell. There 1is thuas created a narrow layer of deutoplaem beiween
the vitelline membrane and the nucleua. This deutoplasm changes
character; it becomes denser and contains more finely granulated
material which 18 shaped like a curved band in cross-gection.

Concomitant with this change the vacuoles about the
periphsery of the ovum become much more numerous, and there 1is
at the same time a redistribution of tls coarser yolk peripherad,
leaving only the finest particles centrally. 4s the primary
oScyte approaches the time »f the first maturation dlvision,
the veslicles around the perilphery are augmented by new ones
appearing throughout the yolk. The nuclear ~utline is coupact
and slightly lens-shaped; it has now arrived to within 60 u
of the egg membrane. Next to the nucleus there appears the dense
cytoplasmic field Just referred to, and between the last and

the vitelline membrane another structure appears. Thls is a



hyaline, cap-like area, shaped llke a watch-glass. It 1is
probably the pDeckel of (German writers.

The foregning observations were made in several
l=rvae, but particularly in the ofcytes of a larva of about
100 mm. length fixed on October 8. Five days later another
female animal was killed and fixed. In the latter the olcyte
waa found to have the characteristically coupressed, somewhat
polygonal outline of the immature egg; and 1f converted to
circular dimensions, a midsectional plane would have a dlameter
of about 600 u. The nucleus is now crescentic to lenticular
in outline in fixed material, with the nearer side within
60 u of the vitelline membrane, and the long axis is more or
less parallel to the latter.

During the steady increment in size of the ovum from
the fall of the firet year, no divisilon figures have been
observed in any obgonium of this species until the first
maturation division 18 initiated in the fall of the third year.
That 18 to say, all mitotic divisions appear to have been accoup-
l11~hed in the first year. This observation 1s based upon an
examination of more than forty series of sectlons.

The sequence of the several kinetic stages consldered
to belong to delosis I have not been observed in entirety. On
October 23 of the third year dividing nuclei are found; the
beginning of anaphase 1a portrayed in Fig. 23. Unexplalned is
the fact that even at the beginning of the metaphase, a
atructure appears in the more hyaline field of the nucleus
which is of the same size, roughly, as the former supposed

"nucleolus®, and which stains well. The chromosomes are stocky



and short, and are distributed over an equatorial plate which
18 about 16 u across. The largest chromosomea do not appear to
exceed 3.5 u in length and some of them approach 1 u. The
cytology of this process in this lamprey is still under
investigation, and the PNA and DNA reactions will be checked.
On February 2 a metamorphosing 118 mm. long female
wag obtained and the ovary digsected. The secondary olcytes
had now achieved dimenalons of about 8C0 x 1,050 u. The some~
what swollen individual chromosomes have been observed near
the plasma membrane in a somewhat clear fleld, which seems to
have a well-defined limit, although no membrane can be made
cut in fixed material. The yolk granules are now c-arsest 1in
the center nf the epg, and here they attailn a size of 8 x 4 u;
they are more or less dilscoldsl. Towards the presumptive future
animal pole they become somewhat csaaller. Near the vitelline
membrane the deutonlasmic field is frothy. The nuclear fleld

lies near the pregumptive anlmal pole.

The Blastula

{revision of original thesis, beginning p. 81)
The post-blastula and torula stages are conslidered
to be referable to gastrulation, although some of the development

of the post-blastula is ¢ learly intermediate.

DI3CUSLION

(augmentation of original thesis, pp. 104 and those following)
Early published work on the development of the germ

cells in the brook lamprey 1s listed in considerable detall



68..
by Okkelberg ('21), L8nnberg et al. ('24) and Pletschmann ('33).
From numerous accounts there seems to be no doubt that the pri-
gpordial germ cells are segregated very early in the development
of the embryo; but whether or not all, some or any of the defin-
itive, finally developed germ cells are derived from these has
been much disputed. The difficulty 1s, of course, that it 1s hard
to demonstrate thls continuity otherwise than in vivo, and the
present limitationa lamposed on such observatlon are obvious.
Okkelberg thought that there 1s a definite continuity of the
germ plasm after primary segregation of the cells concserned,
and that peritoneal epithellum or other cells do not change into
germ cella. #ith thie ~pinion and from the evidence avallable in
the present cage, theé writer 1s in accord. Generally, the
primordial germ cells in brosk lampreys have not been traced
beyond a stage wherein they are located in the posterior part of
the body, "probably in a small area around the blastopore® (Okkelberg)
Difficulties in determination are augmented by those of establlishing
the internal wmigration routes of guch cells and also by the lack
of criteria which would distingulsh the early sex cells from those
having other potentialities. In this Maryland brook lamprey, as

in E. lamottenil {wilderl), the peristomal and paraxial regions

of the mesnderm are contiguous and do not appear to differ
anpreciably in structure or 1n origin. Okkelberg was of the
opinion that only the peristomal mesoderm carries the germ cells
in early stages; 1t may well be.

Butcher ('29) found large cells with round, veslcular

nuclel in the caudal end of the eumbryo of 2. marinus unicolor,




and whlch he considered to be primordial sex cells. He reported
likewige that the greater number of theae cells lie imsediately
below the ectoderm ventrolateral to the position of the future
pronephric duct. #%ith further differentiation and at the time
of hatching, these cells are found in the wesoderm increased in
number. They are then slituated, for the most part, ventral to
the pronephrie ducts; this agrees well with the situation as
found in the Maryland lamprey. In the latter, however, the germ
cells become more c lear of yolk at this time than is apparently

the case in P. marinus unicolor, although Butcher does rind that

the original deutoplasmic material 1le absorbed rapidly in thease
cells.

‘tThe writer agrees that the appearance of the germ
cells in these lampreys favors the theory of early segregation.

While he finds himself unable to trace the germ celle in the

present form as far back as hss been done in K. lamottenii
(wilderi) or in P. marinus, after the prlmordial sex cells are
found near the epimere, they seem to be characteristlically
distinctive. The migration of these cells appears to be corre-
lated with t he progressive and determinative differentiation
of the tlassues along a metabollec gradient. Attempts by earller
investigators to> assign an active or passive role to the germ
cells during thelr translocation have nd resulted in a satis-
factory explanation to thia date, in t he opinion of thl in-
vestigator; and much more regearch ont he development of theses
sex calls 1s considered to be necessary before cuaulatively
eatablighed detalls #111 support some of the generalizatlons

which have been made.



10

It does appear to be true that in later stages of develop-
ment, the germ cells exiend progresaively along the longitudinal
sagittal axie in both directions. However, unlike the circuustances
reported for other brook lawpreys, the germ cells in the present
case do not always have a spherlical shape, unless they are reuark-
ably free from contact with adjacent cellas. Okkelberyg found in

Entosphenus that some of the germ cells "reuwain in the endoderw"

or 1n some other part of the body, and that they could form typilcal
cell-nests there; thils behavior has not been found in the local
lamprey. As is well-known, although the original anlagen consist

of palred gerainal tracts, thesge fuss later to form a single
longltudinal gonad ventral to the dorsal aorta. In connection
with t he development of this gonad, there nas veen found thus far

no evidence 1in L. &epypters of thne waryland race that the germ

cellas are derived from peritoneal cells at any time. It 1s further
apparent in the sdaryland form that when the germ cells are first
certainly dlscerned, they are assoclated with aesocderwal derivatlves
ag the latter are usually defined in vertebrates.

This lack of participation in the forumation of sex cells
by the peritoneal epithelium is reported also by Okkelberg; but
Lubosch ('G4) and Buicher ('29) have found differently. Butcher

states that in P. marinus unicolor the changes of peritoneal cells

into germ cells can be found early, €. g., in larvae 7 to 10

mm. long. Quoting: "In thease individuals numerous cells of the
peritoneal epithelium with deeply stalning nuclel are geen to

be gradually changing from an oval to a spheroidal foru." ie

thought further that in tnis specles most of the sex cells probably
originate from%ha peritoneal cells. 3ince no closely sequentlal hist-

ological studies have been published of thle alleged phenomenon,
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nor cytochemicsal tests made to establish the progressive different-
iation as described, thils conclusion 1s difficult of acceptance.

No attempt has been made to count the nuuber of gera
cells existing in the early stages, although characteristic wmitoses
have been found from the time the larva 1s 20 mur. long until
definitive histologlcal differentliation between the gexes 1s estab-
lished (about 35 - 37 mm. length). Xitoses 1in larvae destined to be
females produce relatively few persistent o8gonlal cells in each
cluster, and thesse contain gome cells which are destined to a
futile end, from the apparently residual moribund cells and
cytolyzed remalns observed in later atagee of development.

During the indifferent stage of mitoses in the early

germ cells it 1s reported in E. lamottenii (wilderi) that the
nucleus hag two deeply ataining nucleonll; Butcher reports one and

sometimss two in P. marinus unicolor. Further, Okkelberg finds

kY
o—

that in the 27.5 mm., long larva the nucleus 1s agsocisted with a
distinct centrosphere. In the Haryland form this piurality of
nuclenli 1is not manifest, although 1in early stages there are
granular eonfiguratisnna found which mlght lead to the concluslon
that a plasmasome exists in addition to a nucleolus. These
appesarances are ¢ onsidered to be fortuiltous. The prssuuptive
centrosome has been noted in favorable material as a light halo-
like area about a centrisle, but no other definitive organlzatlion
of this area has been diacerned.

Lubosch {'04) believed that there 1s a yolk nucleus
which initiates the formation of the deutoplasm; but the writer
agrees with Okkelberg that this does not seeu to be the fuactlon

of Lubogch's observed structure in larvae up to the 35 mm. length



12
in any case, and for the Maryland form it is doubted that it
aerves thls alleged function in any way whatasoever.

Pletschmann ('33) in reporting tae work of others on
the history of ovarian tissues, describes two architectural
patterns which are salid to have been found in L. planeril. In
the one a follicular epithelium comeg to surround each egg, and
forms & theca. Over this there 1s developed a peritoneal epi-
thelium; and in between the two layers there is a conmctive
tissue stroma whiech is laced wlith blood vessels. In the second
the eggs are not organiged in thecae, are clumped and the condition
is referred to as "diffuse”. In the ieryland fora ot L. 3 epyptera
no such diffuse condition has been found. Bach successfully
developling egg has surrounding 1t a concentrlc layer »f follicle
cells supported by a thin ennnectlve tisgue, and the whole ls
overlaid by a thin peritone=l epithelium. There appcar to be no
exceptions to this.

At the time of the differentiation of definitive
oBgonia in the fall of tke first year, it appears that aost, 1if
not all of the oBgonia have been eastablished; by actual count
of secondary obcytes just before spawning, the nuaber surviving

does not anpear to exceed 1,200.

]

Okkelberg thousht that the nucleoll were "true plasma
somes" and that they were not composed of cihrsustin materilal.
This concept is contrary to that of Lubosch, who held that in
the Euronean brook lamnrey the chromatin material is stored in
the nucleolus (with particular reference to a structure in the
primary ofcyte) and that the chromosomes were spewed out of the

nucleoclus to arrange themselves for the first melotic division.
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From such characterizations it will be observed that there is
a real danger of mlsidentifying the nature of the nucleolus and
of the germinal vesicle. The structure designated as the nucleolus
in the oBcyte doee not appear to be typically such, and because of
this the writer was able to determine the nature of the nucleus
only upon dlssection in vivo. It is suspected that the so-called
nucleolus partakes of the nature of a chromosomal frame as found
in the Amphibila. At the time of the first melotic metaphase a
peculiar phenomenon 1g apparent, and which may have formed the
basis for Lubosch's observation: when the chromogomes form the
equatorial plate of the first melotic divislon, a rest or shell-
like structure 1s observed to one side in the nuclear fleld, and
which has the dimenslone generally of the so-called quondam
nucleoclue. It stains with iron-alum hematoxylin but Adlsappears
during the late anaphase of the first melotic division.

Okkelberg found further that in Z. lamottenii (wilderi)

the first maturation division occurs very early in developaent

(the exact t ime 1s not specifled); but in the present case this

is not congidered to be true. The first maturation division appears
to take place in the Maryland form of L. agpyptera at the same
time, or at very nearly the same time, in both sexes: October or
November of the third year.

In L. aepyptera there has been found no evidence of the
presence of any dietinctively characterized aex chromosome in the
o8eyte during the meloses. Only in the secondary spermatocyte ls
it believed that a sex chromosome (Y) has been obsgerved 1in the
present material, on the baels of its differential apparent

rate of travel to one of the poles in melosls. Accordingly it 1ia
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presently belleved to be true that in the local lamprey the XY
configuration exists 1in the male chromosomal cocmplement.

Okkelberg has found Ain Entosphenus that whether or

not the germ glands beconme ovaries or testes, the latter all
develop ofcytes, and he says that this indicates there exists
an undoubted female element of some sort in all of the animals.
In the present case the gampling made (about 42% animals) has
not permitted the writer to come to any such conclusion. In

E. lamottenii (wilderi) the basis for considering a larva

male or female was the relative number of lobules (testicular
stroma) or o8cytes present in the gonad; and it wag held that
if there is a majority of lobules contalning speraatogonia,
that the animal would probably become a male. Lubosch also
Tound that hermaphroditism 18 of common occurrence in the larvae
of lampreys. He examined forty-nine gonads froa larvae of L.
planeri, and found that about one quarter of them were "mixed
glands". Nevertheless in these species the ultimate outcome

was & very nearly equal frequsncy distribution between t ne two
gexes. It 1s not denied that such hermaphroditism may exist 1in
the present case; however the experience of the present 1lnvest-
igator has been that the specific sexual characteristics are
eatablished at fertilization, and the amblvalence credited to
other species anpears to be peculiar to them. Such hermaphrod-
itism has not been found in the present case.

The embryogeny in brook and riverine lampreys as
reported, chiefly for L. fluviatilis, L. planeri and P. marinus,
appears to fnllow a common basic pattern, but differences
become manifegt in the detalls of developmental progress when

one species is compared to another. Also, there have been
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dlsagreements as to interprepation of these variations in detail,
some of which stlll need resolution.

The most thoroushgolng account of early embryogeny 1in
the genus Lampetra hag been furnished by Glaesner ('10, '10a)
who descrihed the early development in L. fluviatilis. This
wag accompanlied by a somewhat wechanistic interpretation of the
earlier developmental stages. Welassenberz ('26, '32, '34) was
able to reinterpret some of these stages of development through
methads of vital staining, and he established satisfactorily the
mode of gastrulation and the orlentation of the germ layers in
L. fluviatilis. By and large, the process of cleavage, blagtula

formation and gastrulation in L. aepyptera of the ¥aryland race

1s not different from that hitherto described.

The appearance of the male pronucleus of this Maryland
brook lamprey in its progress along the copulatory path parallels
the condltion as found in L. fluviatlilis in that it 18 an aporox-
imately ovoild body, but with uneven protuberances apnearing from

time to time in ite periphery. The Chromatinbrocken of Glaesner

which appear in L. fluviatills as the pronuclel come to conjugate
position, apparently are tie chromosomes which will be seen in t he
metaphase plate of the first cleavage mltosis.

In L. aepyptera the more hyaline cytoplasm, at the tlme
the pronuclei meet, is not constricted from the superficlal
nolar plasm in s0 charactsristic a fashion as appears to obtaln

in L. fluviatilig. After the first  leavage dlvislon 1s accomp-

lished, however, t he migratory behavior of the nuclel appears to

be the same in both instances; they move approximately one third
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of the total distance from the animal pole. Glaesgner found that
at about 11° C. the time taken to accoaplish the first division
is about 18 hours or more. In the present case spawning appeara
to be stimulated when the waters of local runs are somewhat warmer
(to 16° C.), although 1t 18 not doubted that it may occur at lower
temperatures. It does take the Maryland brook lamprey less than
18 hours to accomplish the first cleavage division at these
temperatures.

It 1s reported also in L. fluviatilig that the plane of

the second blastomeric division 1s continuous throughout the

embryo from the beginning of the cleavage, and that a -~hifting

of the four resultant blastomeres takes place subsequently to
establish the characteristic offset nosition which appears at the
completiosn of the four-celled stage. In L. aepyptera of the iaryland
race there 1s some varigbility in this pattern, including the fact
that one »f the first cleavage blastomeres may accompllish division
before the other. This has hapnened with sufficient frequency to
agsure that the nlanes ~f the second division in the Mdaryland
lamprey are the resultants of the mitotlec behavior of the 1indlvidual
blastomereg. There is, therefnore, an independence of kinetlc
behavior of the individual blastomeres, modiflied only in that both
seco>nd cleavages have bsen found to occur in the same direction.
Usually the offset pattern develops from the very beginning of

the second dilvision; but the distance »f the offset 1is variable,

and sometimes the cleavage planes apnear to coincide. The writer

1s persuaded, however, that this 1s circumstantial. It sh»uld

be atated that in the iaryland brook lamprey the secnnd cleavage

is not invariably meridional; on rare occasions 1t appears to be
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horigzontal. This was observed in two instances, one of which
wag permitted to go to third cleavage; this was meridional,
restoring the ordinary octuplet condition. when the second
divieinon is horizontal, it takes place above the equator, thus
vroducing two micromeres and two macromeres.

A contributing factor to the production of division
planes in other than the usual pattern is the accidental or
deliberate canting of the egg in its broock bed after the two
pronuclei have apnroximated one another incidental to the first
Ccleavage, or during other early cleavage stages. Unlike the
amphibilan egg the embryo »f the Maryland brook lamprey does
not rotate in its envelope to maintaln the position of the
animal and vegetal pole. Apparently geotropic factors operate
upon such canted eggs and cause shifts in the distribution of
cytoplasmic materiales with concomitant changes 1n potential
organization, and anomallies in cleavage and further develop-
ment result. They are prnductive of short-lived monsters.

Digcounting these exceptions, the writer finds
that there 1s a recognizable regularity in the divislon
patterns up through the fifth generation of cleavages, although
it has not been possible yet to evaluate the potentlalities of
the individual cells in successive generations. The methods of
enumerating cleavage cells as employed by Glaesner appears to
be purely a geographic device, and useful only in that respect.

It 18 apparent to the writer that in the dseveloplng
embryo of L. gepyptera the fertilized egyg and 1its developmental
stages are highly organized, complex structures. The distributlon
of cytopnlasmic materials at the firat mitotic diviseion shows

patterns that await further interpretation, and to which the
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potentlation of succeeding generations may be referable. The
arrangement of the cells ln the cleavage and blastula stages
geems to show conslderable uniformity from embryo to embryo.
A8 a consequence, Glaesner's opinion that in the blastula, for
example, "Dlie Zelltellungen treten ohne bestimmte Regel bald
hier, bald dort hin" appears not to be well grounded. The
obvious determination and »orientation of anlagen of the germ
layers and then progressively of organs and tigsues 1s considered
also to support this #riter's point of viaw.

The diagrams of the lampetrid blastulae hitherto pub-

lisned, notably for L. fluviatilis (Glaesner) show & maximua of

three layers of micromsres, and the macromeric arrangement
appears to show more, althougin stratificatlon 1s less marked here.
These findings are at some varlance with the arrangemsnt found in

L. mepyptera; there appears to be a maxlimuam of four layers in the

micromeric hemisphere, and a fairly stratified triple layer of

macromeres 1ln the vegetal nhemisphere.

The bllateral syametry which has been dsscribed as

existing in L. fluviatilis just before the time when the

smicromerlic nexsnlsphere inltlates eplboly, may indeed exist 1n

the present case, but there has besn found no convincing evi-
dence to{ he present tlmne. There is indeed, a shift in the axis
of the metabollic gradient 1in the iaryland brook lamprey, but this
followe the eplboly down what becomes the dorsal side, thus
indicating that the symmetry 1s progressively establlshed

during this event. The central point of the most rapld division

migrates, as in other brook lampreys, towsards tie dorsal 1lip

of the blastopore.
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The movements of the micromeres and macromeres in the
Haryland brook lamnrey appear to create slightly dAifferent pat-
terns in the germinal layers during the course of gastrulation
from those hitherto renorted, although the end result of the
development anpears to be the same as that reported in both the
%uropean brook and riverine species. Both Glasgner and Welssenberg

indlcate that the blastocoelic cavity in L. fluviatilis but slowly

£111s up Auring the early stages of gastrulation. The macromeres
111 this cavity much morse speedlly in the present case, and at
the time the primitive gut begins to progress inward, the blasto-
coel is snly a slim, uniforaly spheroidal c¢left throughout.
Likewise there 18 a definitely organlzed arrangement of the
macromeresg (endoderm) throughout, which Glaesner neither portrays
nor implles. %hile the flange produced by the micromeres in their
epiboly over the macromeres 1sreported as a strikingly definilte

structure 1n L. fluviatilils,yet, curiously enough, Glaesner

could also say "Auch kann 1lch nicht mit Bestlmsthelt behaupten,
da88 sle regelmllssig auftritt". Furthermore, the protuberances
of the torula stage do not seem to derive from the "vorragenden
Enden der Lolste” {(the projecting edges of the epibolic flange)
as Glaesner thought; 1n the present case the frontier of the
micrnmeres produces no perceptible flange for this purpose.
Glaegner held that the protuberances of the torula
arise from the confluence and resgultant pressures of the rapldly
dividing cells in t he area of the dorsal 1lip of the blastopore.
It may well be. However in this ldaryland broosk laaprey the
agsociation of cells 1n these places appears to be also a

gpecific resnonse to stluull arleing 1n the course of organ-
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l1zational development, and the econfluence of cells, if such it

is, seems to arise from a complex of forces which are yet to be

analyzed. It 1s projected that by this time in L. fluviatilis

the center of the greatest metabollc activity has now centered
at a point on the dorsal side apnroximately midway between the
mid-doraal point and the dorsal lip of the blastopore. In the
preasent case this area 1s not so isolated as diagrammed by
Glaesner; it is band-shaped in the Maryland brook lamprey, and
l1iea athwart & plane dArawn through the original line of the
poles. This area consists eventually of two components,one ot
which comes to lle at the darsal and lateral 1lips of the blasto-
pore, and a central dorsal area which 18 to participate in the
development of the medullary plate.

As has been noted, the development of the archenteron
in L. fluviatilis occure when the blastocoel is still a consld-
erable cavity, and the primitive gut soon modifles the internal
macromeric floor. In L. aepyptera there appears to be no
extensive blastocoelic cavity at the time that invaginatlion 1ia
initiated; there is a high order of histological differentliation
in the several parts of t he embryo; and the shape of the archenteron
is different. One circuumstance rather frequently noted in the
present case 1a that at the time of the intusasusception of the
micromeres, the high dome of the micromeres in imbedded material
may collapse to one side during the inflltration incldent to this
proceas, and the overhanging ledge so formed, when sectioned,
can have somewhat the same appearance as dlagrams of gastrulation

hitherto depicted. In fact, thils artefact may be very subtle in

its appearance.
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It remains to be noted that Welssenberg, through his
vital staining experiments came to the conclusion that the
mesodermal anlagen initially forms the dorsal roof of the arch-
enteron, and that the endoderm overreached this cavity dorsally
by growth from the asideas. With thig finding the present writer
is in accord with respect to the present speclea, and is

undertaking further research to deteruine the particulars in

L. aepyptera of the iaryland race.
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