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been asreit;tined. A con~rnon mode ot propagation 
of Urnatella appears to be by budtli~lg, the formation 
of branches x ~ ~ t l i  t h e ~ r  terminal polyl)s, and tlie de- 
tachment of these branches to establisli stochs else- 
where. Thc different specinlens allpaleutly indicate 
this process, though it n a s  not actuall> observccl. 

Though the stem of Ulnatella is invested nit11 a 
firm, chitinous integu~nent,  it st111 retains its flcx~bil- 
i ty;  so that, when tlie polyp is distnrhed, it not only 
closes its bell, and bends its head, bat  the entire stem 
bends, or even becoines relolute. Sometimes the 
polyps suddenly twist ilre stems fro111 side to side, as 

BIG.2. -Uniatellngracilis, mith thc Innin stem of four segments, 
and n tcrminnl expanded polyp. Branches are"given off b y  
the  third segment, arid ;i bud from tho fourth. 

if they had become n caried of remaining longer in 
the  same position. 

The interior of the polyp is mainly occnpiecl by the 
alimentary apparatus. From the mouth of the bell 
a funnel converges as the pharynx; and the tube of 
the  former, as the oesophagus, occul~ies the shorter 
side of the bell. At  the bottom of the latter the 
oesophagus opens into a capacious retort-like stomach, 
which occupies txvo-thirds of the capacity of the 
polyp. The stomach towards the month of the bell 
has an alembic-like pyloras, from which a short in- 
testine turns ventrally to expand in an  o ~ n lcolon. 
From this a. short rectum opens about tlie centre of 
the mouth of the bell. The pliaryns, oesophagus, 
and stomach are lined with ciliatecl epithelinm. The 
ventral side of the stomach has the epithelium 
colored brown, indicating, as in other polyzoa, an  he- 
patic function. The polyp feeds on vegetable par- 
ticles mainly, including diatoms, desmids, etc, ; and 
the food may be observed in an incessant whorl in 
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the axis of the stomach, induced by the action of the 
cilia lining the latter. The polyp is almost constantly 
infested with parasites, ofterl in large nurnbers, which 
mingle with tlie food, arid accompany this in its nlove- 
~ment. The parasite is a ciliatecl infnsorian, distin- 
gu i sh t~ l  mith the name of Snoplopl~rya socialis. 
Bronl time to time, remains of the food are passed into 
the colon, and here accnrnulated into a n  oval pellet, 
n'liich is then quickly discharged from the  nlonth of 
the bpll. 

Geneiative organs, or provision of any kind for the 
p~oduction of oTa, were not detected, nor were eggs 
observed. 

Urnatella differs from the marine genus Pedicellina 
nlainly in not having a n  attached and creeping root- 
stalk, and in having flee, pendent, and jointed strms, 
instead of simple pcdiclcs. 

T H E  PHYLOGELVY O F  TEfE 15fGHER 

CRGSTAC%A. 


TIIEclass Cr~~s t acea  is one of the dominant groups 
of the animal kingdom, and i t  includes a very con- 
siderable proportion of our living animals. I ts  repre- 
sentatives are extremely diversified in structure; and 
a single order, such as the I)ecapoda, includes a much 
greater variety and diversity of forms than the whole 
class of insects. I t  is very rich in primitive and transi- 
tional fonns;  and when we add to this, that  there 
is no group in which our embryological 1-nowledge is 
more rich and varied, or in which the embryological 
history of the individual throms so much light upon 
the evolutio~l of the race, its importance as a means 
for tracing the actual history of the evolution of 
species is obvious. I n  fact, lnost of the problems in 
the logic of ~norphological reasoning, are, in great part 
a t  least, problems in the morphology of the Crus- 
tacea. 

Since tlie awakening in natural science which fol- 
lowed the publication of tlie Origin of species, many 
naturalists have attempted to disentangle the story of 
the phylogeny of the Crustacea. Some of these at- 
tempts, such as JIilller's ' F l u  Darwin ' and Huxley's 
'Crayfish,' are familiar to all; while others, such as 
Claus' 'Crustacccn system,' are linown to none except 
specialists. The latest attempt in this field ( "  Studien 
~ b e rdie verwa~ldtschaftsbeziehl~ngell der AIalalrostra- 
ken," by Dr. J. E. V. Boas, Xorph. jahrb., viii. 4, 
1883) is, to say the least, a very valuable addition to  
crnstacean morphology, as well as an  interesting 
study in scientific logic. I ts  res111ts seem to be a close 
approximation to the true natural classification of the 
higher Cnljtacea, and i t  should therefore receive tlie 
carefnl attention of all naturalists, ancl of all who wish 
to be informed regarding the methods of thonght i n  
morphology; but as it is from necessity filled mith 
minute details, which ~vould be formidable to all 
except specialists, the general reader must be con-
tented with a summary of the results. 

The proof that  the crabs are descended from long- 
tailed decapocls is familiar to all naturalists; and no  
one can doubt, that, among these, the swimming dec- 
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apods, such as Penaeus, are the  most primitive So 
far, the phylogeny of the decapods may be regarded 
as definitely settled, and Boas proposes no modifica- 
tion of the accepted view; but his opinion regarding 
the origin of the swimming decapoda froni tlie lower 
Crustacea is novel, and the evidence which he fur- 
nishes seems to be conclnsive. The Ilecapoda are 
generally regtrded as the modified descendants of tlie 
schizopods; but Boas points out that  the order Schiz- 
opoda is not a natural group, since the aninlals which 
have been illcluded in it belong to two widely sep:t- 
rated orders. 

According to this author, tlie Euphausiacea arid the 
Mysidacea are not at  all intimately related. The latter 
are not in the line which leads to the  Decapoda, and 
there is no natural group Schizopoda. H e  therefore 
divides the group into two orders, -the Euphausiacea 
and the Nysidacea : the former including the primitive 
unspecialized forins through which the Decapoda have 
been evolved from the  lower Crustacea; and the latter 
containing highly specialized fonns, which have been 
evolved from the Eupliausiacea along an  independent 
line, and which have no direct relationship to the 
Decapoda. I-Ie holds, that  tlie Euphausiacea are a syn- 
thetic group of Crustacea which llas given rise to 
several divergent groups of descendants. Of these, 
tlie decapod stem has undergone the least modification. 
A second stem, tlie Mysidacea, has diverged in an  
entirely different direction, has departed very widely 
from the primitive form, and has, in its turn,  given 
rise to tlie Cumacea, and through these to  tlie amphi- 
pods and isopods, the latter being the most highly 
modified of the Malacostraca. A third line of descent 
from the Euphausiacea has given rise to the Squil- 
lacea. 

The recognition by Boas of the fact, that the group 
Schizopoda is not a natural one, and the discovery 
that  the animals which have been thus associated 
may be divided into a very primitive group, tlie 
Euphausiacea, and a highly specialized group, the 
Mysidacea, seems to be a very great advance in cras- 
tacean morphology. 

I-Ie gives the  following definitioli of the Euphau- 
siacea :-

Malacostraca, with the mid-body and abdomen com- 
pressed, with a well-inarked bend in the abdomen; 
carapace well developed; the last seapent of the mid- 
body a complete ring; eyes stallred; antenna with a 
large scale; mandible simple; first maxilla with broad, 
one-jointed palp, and with well-developed exopodite; 
second maxilla with a si~nilarpalp, and with exopodite, 
and a cleft lacinia interna. The appendages of tlie 
mid-body or cormopods all have a well-developed ex- 
opodite, and an  epipodite which is subdivided in all 
except the first pair, wliere it is simple. The endopo- 
dite is thin and weak, and it does not end in a sharp 
point: i t  is Inore or less rudimentary on the last two 
pairs. The first cormopods are not specialized as 
maxillipeds, but are like the others. Tlle abdominal 
feet are powerful swimming-organs, with an  appendix 
interna. I n  the male the first or most anterior ones 
are specialized as copulatory organs. The tail-fins 
are well developed. Tlie liver is composed of a great 

riurnber of sirlall lobes. Tlrc heart is short and wide. 
The halves of the reproclnctive organ are united by 
a .transverse unpaired portion. Spermatophores are 
present, and the spermatozoa are sirnple round cells. 
There is an  antennary gland. The young leavcs the 
egg as a f ree-s~~imming nnuplius, and tlie carapace of 
the older larva is a great phyllopod-like mantle. 

I t  is easy to trace the relationship bet~veen this 
group and the decapoils, on the one side, and, on the 
other side, through Nebalia, to the phyllopods and 
lower Crustacea. 

Tlie Decapoda natantia resemble tlie Euphausiacea 
in many conspicuous and liiglily importarlt particu- 
lars. I n  these two groups alone, arnong tlie Mala- 
costraca, we have a free-swin~ming nauplius; and in 
both the carapace of the larva is a great mantle. Tlie 
abdome~i is bent in both, and the integument is 
horny. The carapace, the abdominal appendages, 
the large tail-fin, and tlic pointed telson, are alike i n  
both. The endopodite of tlie first pleopod is a copu- 
latory organ in the decapods as well as in the  Eu- 
phausiacea ; and sperlnatophores are almost universal 
in tllese two groups, while they are found in  no 
other Xalacostraca. 

The close relationsllip between tllese two groups 
can llardly be questioned; nor is it clifficult to show 
that the Eupliausiacea are the primitive, and the Dec- 
apoda the derived, form. I n  the presence of simple 
epipodites, and of a four-jointed palp on the first max- 
illa, tlie Penaeadae are nearer to tlie phyllopods than 
Euphausia; but i n  all other respects Eaphausia is the 
most primitive, and it shows its close relationsllip to  
the lower Crustacea by many characteristics, among 
which are the following. The terminal joint of the 
cor~nopods is rounded and blunt, as it is in Nebalia, 
instead of being pointed, as it is i n  all the Malacostraca 
except Nebalia. There are no specialized maxilli- 
peds; but the  first cormopod is like all tlie others, as 
i t  is in Nebalia, and all the cormopods are furnished 
with exopodite and epipodite: while in all other 
Malacostraca there are true maxillipeds; and either 
the exopodites or the endopodites, or both, are absent 
on some or on all the cormopods. Tlie antenna has 
a well-developed exopodite; and in the young this is 
flabellum-like, and very similar to that  of tlie adult 
Limnadia or Estheria. This feature of resemblance 
to the lower Crustacea is shared by the young of the 
Decapoda natantia. The  first maxilla has a large 
exopodite; while this is rudimentary in the Decapoda 
and Mysidacea, the only other i\Ialacostraca wllere i t  
occurs a t  all. The pleopods are much like those of 
Nebalia: they are efficient swimming-organs, and 
they are provided with an  appendix interna. The 
spermatozoa, like those of the phyllopods, are simple 
round cells without tails; and this is true of no 
other Malacostraca exccpt thc &quillas. 

While the Euphausiacea are thus seen to be very 
much like the phyllopods in so marly i~nportant 
features, they are true Malacostraca; and they have 
deviated greatly from their phyllopod ancestor, and 
have acquired a small carapace, differentiated cor-
mopods with long slender endopodite, small exopodite 
divided into shaft and flabelluin, and an  epipodite 



nrllicll is purely respllatoly. They also differ from 
Ncbalia in tllc possession of that  distinctively niala- 
costlacan organ, a tail-fin, made up of R telbon and a 
pair of sn i n~n~c ie t s .  

The relationship of STebalia to the Nalacostraca on 
the one hand, and to tlie pl~yllopocls on tlie otlier, 
has long been ~ecognized, and Ciaus lias epen gone 
so far  as to holtl that this fo~rri  is a true ~ualacostra- 
can; but Boas believes that it ir neither a true 
malacostracan, nor tlie 111i> llopod f~ om 7%hicli the 
llalacostraca originated, but simply the nearest liv- 
ing ally of this ancestral foirn. 

l-Ie believes that the presence of a great ~ n a n  tle-like 
carapace, of eight ullspeciali/ed, broad co~mopods 
~ ~ i t hleaf-like exopodites, of a furcated abdonien witli- 
oa t  tail-fins, and of eight abdomillal somites, shon~ 
that  i t  is not a malacostracan, but a phyllopod. As 
many phyllopods, such as Limnetis and the Clado- 
cera, have, like the Malacostraca, an exopodite on 
the second antenna, we must believe that  the 3Iala- 
costraca have inherited this feature from their phyl- 
lopod ancestor; and, as it is absent in Nebalia, this 
form cannot be the direct ancestor of the Malacos- 
traca. So, too, the fifth and sixth pairs of abdominal 
feet are rudimentary in Nebalia, while they are ~vell  
dereloped in nearly all &Ialacostraca. As most of the 
pllyllopods, and some of the i+Ialacostraca, leave the 
egg as a free-swimming nauplius, we must believe 
that this was true of the phyllopod ancestor of the 
&lalacostraca; but as Nebalia does not pass through 
a free nauplius stage, but leaves the egg in a more 
advanced condition, i t  cannot be in the direct line of 
evolution. Boas therefore concludes that Nebalia is 
a true phyllopod, and that  the Malacostraca have 
originated from a form somewhat different, althougli 
Nebalia is the closest living ally of this ancestral 
form. 

Having thus traced the decapods back through the 
Euphausiacea to a phyllopod ancestor very similar to 
the recent Nebalia, we have now to trace the ancestry 
of the other Xfalacostraca. Boas holds that the sqnil- 
loids are a branch from the Euphausiacea, and that 
the Mysidacea have been derived from the Eupliau- 
siacea along still another line of descent, and have, in 
their turn, given rise to all the remaining groups of 
hlalacostraca. 

The Blysidacea differ from the Euphansiacea and 
the decapods in many featnres which they show in 
common with the Cumacea and the amphipods and 
isopods; and it is not difficult to show, that, in these 
points of difference, the  Euphausiacea are tlle primi- 
tive group, and the Mysidacea the modified group 

In  Euphausia, as in the swimming decapods, the 
body and abdomen are comp~essed; while they are 
flattened and rounded in the Mysidacea, arid the tip 
of the abdomen is directed bacliwards, lacking the 
peculiar bend of Euphausia ancl Penaeus. 

The structure of the mandible is very instructive. 
In Mysis, as well as in the Cutnacea and amphipods 
and isopods, the mandible is forlied, the cutting part 
being widely separated from the crushing part;  and 
between the  two there is a row of setae, and a pecul- 
iar accessory appendix. I n  Euphausia and the deca- 
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pods the append~s  and row of setae are absent, and 
the chewing part ie liardly scparatecl from the crush- 
ing part. 111 IIysis, as in Curia and the arnpliipods 
ancl isopods, the palp and cxopoclitc of the firat inax-
illa arc absent, and the laciniac are turned forwards 
:IS nell  as i n ~ v a ~ d s ;  and in all these forms tlic laciniae 
of the second inaxilla are directed forwards. They 
overlap, and tlle laciliia i~ i terna  is undivided. I n  
Euphausia, the decapods, and squillas, there are no 
brood-pouches; but these structures are present in 
JIysis, as wcll as ill tlie Edliopl~thalmata, anel they 
are formed in essentially the same way in all, -by 
plates which are developed on the basal joints of cer- 
tain of tlie cormopods. I n  all these forms the young 
pass through a long metatnorpliosis within these 
pooches. The liver is comparati~ ely simple. Tliere 
are no spermatophores, and the sperniato/oa have 
tails. The Cumacea are regarded by Boas as a greatly 
modified offshoot from the Mysidacea; and the am- 
phipods and isopods are derived from an ancestral 
for111 sornewllat like, but more primitive than, the 
living Cun~acea. 

As regards the position of the amphipods and iso- 
pods, Boas's view is directly opposite to that  which 
has been generally accepted; as he  regards these as 
the most highly specialized arid divergent of the 
&lalacostraca, instead of low and primitive forms. 
The conspicuous segmentation of the nervous system, 
the absence of a carapace, the sessile position of the 
eyes, the great number of similar somites, the worm- 
lilie shape of the body, and the elongation of the heart, 
-all seem at  first sight to slio~v tha t  these forms are 
ancient and low. Boas points out that the nervous 
system gives 110 proof of a primitive condition, as 
there are as many independent ganglia in Mysis as 
there are iri the sessile-eyed Crustacea. I t  is true tha t  
the heart is longer than it is in RIysis; but there are 
only three pairs of ostia, and the length of the heart, 
as compared witli that of the  mid-body, is no greater 
than it is in Mysis. As the eyes are stalked in fiTeba- 
lia, the nearest ally of the hlalacostraca, all of the 
latter must have inherited stalked eyes from their 
phyllopod ancestors, and the sessile eyes of the Edri- 
ophtlialmata lriust be due to secondary modification. 
So, too, regarding the absence of a carapace. As the 
Nalacostraca inherit this structure from the phyl-
lopods, those forms in which i t  is absent must have 
lost it by secondary modification. The same thing is 
t lue  of tlle absence of a scale on the antenna. Tliere 
is, therefore, no proof that  these animals are primitive; 
and the manypoints of resemblance to the Xysidacea 
which me have just noticed show the close relation- 
ship between these groups. l3nt as the llysidacea, 
lilie Eupllausia and the decal~ods, have stallied eyes, 
a carapace, and a fused mid-body, exopodites irl first 
maxillae, exopodites and palpi in second maxillae 
and on cormopods, and as a seventh abdominal seg- 
ment is present, we must believe that  the Blysidacea 
are the more primitive group, and the Edriophthal- 
mata their recently modified and highly specialized 
descendants. 

Boas believes that  most of these differences are due 
to the fact that the Edriophthalmata have become 
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adapted for running instead of swimming; and he  
thus explains the loss of the exopodites of l l ~ e  cormo-
pods, the strengthening of the endopodites, the shor- 
tening of the abdomen, the loss of power ill the 
pleopocls, tlie flatness of the botly ancl abdoine~~,  the 
tl1ickening of the integument, and the loss of ege- 
stalks and of the anter~nary scale. Tile respiratory 
fui~ction of the pleopods 11c a,ttribotes to llie loss of 
the carapace, and the  tliiclrcning of the integunlcnt. 

The general concli~sions of t,his lliglily suggestive 
and interesting paper rnay be si~mmarizecl as follo~vs. 

The Nalacostsaca are clcscentled from the phyllo- 
pods, arnong 11-11ich Sebalia is their nearest relative. 

The Euphausiacca are thc n ~ o s t  priinitive Jlalacos- 
traca. The dccapods originated from t,lle Enplian- 
siacea, al t l~ough the most primitive decapods, tilo 
Natantia, are now widelyseparated from this ancestral 
fonn. The Squillacea staild by the~nseives, their 
nearest, although ilistant, allies being the Eupl~au-  
siacea. They show in certain points a more primi- 
tive condition than ally other ~falacostraca;  although, 
as a whole, they are higlily moclified. 

'She Nysidacea are also derived froln the Enphali- 
siacea; although they are so different from them that 
they mnst be placed in a ~list~inctorder, and the 
group Schizopocla niust be abandonecl. The Mysi- 
tlacea have no close relationsl~ip to the clccal?ods. 

T l ~ e  Curnacea arise iron1 the Xfysidacea, and tlie 
amphipoils anc1 isopotls from a form betwciin the 
Mysidacea and tlie Cuinacea. The ampliipods aiid 
isopods are not a pritnitive group distantly related to 
tlie Podophthalmata, but they are the nlost highly 
specialized of tlie 3Snlncostraca. 

Ile gives the following as his pliylogenetic classiii-
cw.tion of tlie Csustacca: -

LETTERS TO TIIB BDITOR. 
Radiant heat. 

JIn. FITZC:EI:~I,II has favorecl me with a paper ' in  
wliich he  talies exception to nly views r(:spectiilg 
radiant heat,%wl~ercin lie says, -

"Suppose that t ~ v o  rcgiont;, A an<lA', be xrl>arated by three par- 
allel rcrwns, 1, in, :rnd ??, 11aviug aperture> in  tlicrn, z, y, s., capa-

1 nn R 

blc of bcingol)(,ned and cioaeilirom th? (centre, so as to ~ n a k cevery 
tliiny perfectly syinnietrical round tht: line '13,l~erpendicularto 
tile xcrecnt;. NOTI,, if n: be openod for a very short time, a certain 
illlaritity of radiant criergy will escape out of ,i into the reyion 
hctwecn 1 and nz; :ind if ?J be opened w11cn this heat rcachea ill, 
i t  can ccrtainiy be let on into the re:ion inn; and if 2 be similarly 
opened w l ~ e n  it rcucl~es it, thin radiant lieat vill get intq A'. 
Wl~i lea was open, I~o\r~cver,  sonic heat left 2:; but, as 1)r. 1':dily 
olrserves, ?/may 11c cloned so as not to let this even get tliror~glt 
the screen 772, ;1!1c1 it can be all rcti~rnerl into A' by rcticctio~l 
throng11 z or home otl~er apertnrc. So far 1 <,litircly agrec with 
Dr. ICddy, and so far it beemn as if the result h:bd been to trans- 
fer heat from .'I to /: vithout B's loninq any Ilcat tiy having i t  
transferred to A. :\s 1 r~arnetlDr. Edily wlier~ I Irew(1 hin 
paper, there are, hoxvcvcr, other bodies and regions to bo con- 
sidered besides A itnd H. 'I'licre a r r  nlore than tn.o boclirs con. 
sidered : there is the rcgioii of tlic hcreens. Consider ~ ~ 1 1 ; r l  Iia11-
pens mhcn tlie heat that escaped out of f5into tlie n 1 . 7 ~region tries 
to get back into A'. So~ne  door ninst be opened to let it paas; 
and, while i t  is passing in, an a t  least ec~nal amoiint of litmt \r.ill 
be pnssing ont of B into the nzn region, so tbnt yon can never 
rei~lly get the heat that has once left B bbxcli into B agiiin. Tl'l~is 
is true, whether yon arlopt doors over fixed ;iperturea, such as L 
have supposed, or movillg ~Ipertures, such as 111'. lcddy proposed. 
What really takei! place is tliii!: :L certuin quantity of heat es- 
capes out of A and reaches B ;  and a not less ynantity of heat 
leaves B, and is kept entangled in the region of the screens, and 
i t  is  only possible to let tlie heat pass from A to B by means of 
this third region. Hence this only really conles to the sanw 
tlring as letting A r;!diatc some of its heat into thescreen region, 
while B is kept closely shut up. XOTV,be it observed that Dr. 
Eddy practically postulates that this screen region is  at least 
colder than A-in fsct, he assumes it to be perfectly cold, i.e. to 
contain no radiant heat except what is adnlitted from il and B, 
so that i t  is by no lneana contlary to tho theory of excilangea that 
A might cool by ratliating into this region." 

Now, Mr. E'itxgerald has stated oiily two of the 
three things wlficli occur while the door z is open. 
He ornits to state, that  in 11ly process a certain amonnt 
of heat whicli has come from A also passes through 
the door z every time it is opened, into the region B; 
and this is all which is proposeel to be accomplished 
by tlie process which is a t  all unusual or peculiar. 
Thus the fact remains, that althougha definite amount 
of heat fro111 13 remains elltangled ill the region ntn, 
whicli is not increased with the lapse of time, there 
is a coi~tinued passage of heat through this region 
into B, that  being the very object sought to  be accom- 
plished by my process. St is not easily seen how 
the arranmement of screens and apertures proposed 
by Mr. gtzgerald could be so manipulated as to  
bring the heat coming from A into a positiorl such 

1 On Dr. Eddy's hypothesib. that radiant hpat is an exceptioil 
to the second law of tlrermodynamics. By Ocorge B. Fitzger-
ald, N.A.,B.T.C.D., Sc. ;?roc. roy. Dubl. soc., iv. pt. i. 

2 J'c. proc. Ohio maclb. inst., July,  1582. 


