
proper training for this kind of work, tllougli 
tlie number is happily 011 tlic rapid increase. 
Tlie 'hard paifs ' of thc loxver animals, 
starfish, urchins, mollnscs, crnstacca, in- 
sects, ctc., offer ample opportunity for cle- 
mentary zoiilogical work, but i t  seems to bc 
hardly advisable to largcly recoinmcncl thc 
dissecting of mammals by tlic average class, 
though I think the isolated parts, eye, 
bones of the ear, tlie tongue, heart, brain, 
ctc., can be propcrly ancl vcry profitably 
usccl. Elaborate outfits of dissecting in- 
struments are not lierc necessary, thougll 
one or two microscopes are desirable. 
I n  the secondary scliool therc is a splendid 
opportunity for tlie cultivation of tlie obser- 
rational powers, bx comparing tlic cxtcrilal 
characters of animals ; by observing hab- 
its ;how the bird breathes ;110x7it involun-
tarily grasps tllc brandl ; thc adaptation of 
structure to use in the fcet of waclcrs, 
scratchers and singing bircls ; tlie strnctnrc 
of the scale and featliel*~, and claws; the 
pnenmaticity of the bones ; the precning of 
the feathers ; the dull coloring of tlic fc- 
male ; the shapcs and colors of eggs and any 
peculiar nesting habits. It is all wrong for 
a child to think tliat zoology can only bc 
learnecl over a clissecting dish. Tlie funda- 
mental principles of biology, tlic theory of 
adaptation, protectivc coloring, protectirc 
ancl aggressive mimicry, distribntion, de-
generation, parasitism ancl developmc~lt can 
all bc illnstratecl to and understoocl by tlie 
school-cllilcl wlio lias ncver held a scalpel. 

Thc school-room already lias its plants ; it 
sllonld also ]lave its local collection. The 
cliildrcn make most cntllnsiastic and activc 
collectors. I t  is not necessary that tllc 
teacher should be cpalificcl to give off-hancl 
thc sesquipedalian scientific namc of cach 
and every inscct that is brought to thc 
school. A far bcttcr goal is reached m-lien 
the stndcnt is taught to recognize lloinolo- 
gies, to place grasshoppers, katydids and 
crickets together, to  liavc a separate apart- 

mcnt for buttcrflies ancl moths, ancl anothei. 
for beetles, ctc. Perhaps certain st,udents 
may be intcrcstecl in tllc molluscan fauna 
of thc nei&borhoocl ancl others may clloosc 
to collect cocoons. (I reccntly read in one 
of the ubiquitous anti-vivisection papers 
that tlic lnng of the pond-snail is provided 
with most beautiful rows of minute horny 
tecth. Early observations ~vould not only 
correct snch aberrations, but .n-onld securc 
a familiarity wit11 natnml plienomena -which 
~voulcl givc that phi los~~li ical  training that 
is often so lamentably lacking in our edn-
catecl classes.) Tlie cliilcl is clelighted with 
thc nlovements of aquatic animals. Aqua-
ria should bc in eqery school. Thcrc are 
Iinndrecls of ailimals to bc collectecl in any 
pond or stream, ancl honr casy is it to here 
find themes for written cserciscs and modcls 
for drawing ! 

The zoiilogy of thc seconclary scliool shonlcl 
not be mcrely an isolatccl subject of study. 
It is not attractive to some, and kno~vleclgc 
cannot bc forced upon un~villing mincls; 
but i t  can be nnconsciously absorbed in so- 
lution. Zoology then slioulcl entcr into tlie 
reading, the writing, thc spelling, the arithl 
mctic ;gcograpliy is stupicl without it, and 
the Ilistory of human progress is but dis- 
tribution n~i th  thc consequent c struggle for 
cxistcncc ' ancl the ' survival of thc fittest." 

HERMOP;C. BUXPUS. 
BROWXUKI~ERSITT. 

AT0TES OAT THE BIOLOGY OF THE LOBSTER.* 

Rep~od~ictio~~.-lifterhatching a brood in 
Xay, the female nsnnlly molts and after- 
wards extrudes a new batch of eggs. I n  

*This paper \\-as rend before the  Society of Jlorphologists, 
Baltimore, Dccembcr 28th. 

Tlie follo~ring observations are from part of a pro-
longed investigation of the habits and derelopment 
of tlie lobster, undertaken for the U. S.Fish Commis- 
sion. The detailed work, now ready to go to pres., 
~vi l lbe publislied in the Fish Comn~ission's Bullletin. 
It e l l  contain a £1111 presentation and discussion of 
tlie habits and general life-history of the ndnlt lob- 
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this case egg-laying follo~vs close upon 
copulation. Sometimes a female is impreg- 
nated immediately after the old cggs are 
llatcliccl and before the molt occurs. A 
second copulation is tllcn necessary for the 
fertilization of tlte eggs. OccasionalIy the 
seminal receptacle of a lobster is found 
loailed with sperm a year before the eggs 
are clue. 

Laying of E g g ~ . - ~ ~ c l i  has sur- co~ l f~s ion  
r6nncled this slubjcct because of the lack of 
continuons observation tllrougllout t l ~ e  
year. Tlle facts seem to be as follows: 
Tlie majority of lobsters capable of spawn- 
ing lay eggs in July and August. About 
20 to 25 % estrncle their cggs at  otlier times, 
i t  may be in tlie fd l ,  winter or sl~ring. Dur- 
ing n pcriocl of seven consecutive montlls 
fire traps were kept set in the harbor of 
TTToocl's Holl, Nass., December l s t ,  1893, to 
June  30tl1, 1894, and risited claily. I n  all 
1GS egg-lobsters were taken; 44, or 23.G % 
of tlie number, bore eggs wllich llad been 
laic1 in tlie fall and winter. 

I have tabulated 51 lobsters coming from 
diff'erent parts of the coast of Maine, having 
esternal eggs wliicll had been laic1 ont of 
the usnal season of July and Augnst. In 
one case a t  nlatinicus Id., Maine, February 
4th, tlie eggs llad been extruded but a few 
lionrs, and the yolk was unsegmented. 
Anotller from Irork Icl.,  Maine, November 
15tl1, llad eggs in a late state of segmen-
tation of the yoll;. Still anotller from 
Brimstone Id., Maine, January Z'it'h, Iiacl 
eggs in tlle nanplins stage. A t  TjTood's Holl, 
in 1889 to 1893, tlle rccorded observations 
(ovei.300 in all) sliow that tlie greatest num- 
ber of eggs arc laid in tlie last two weeks of 

ster, and tllc habits of the Iarrre m ~ d  younlg clnring 
tllcir period of i~nmaturity. Tlie histog of the larva 
and tile structure and iierelop~nent of tlie reproduc- 
tire organs nill  be fully drscribecl, and the derelop- 
rnent of the eu~bryo nill  also be rerien-ecl. Tllc work 

Jnly, the n-liolc periocl lasting from June 
1Gth to Augnst 31st. Data from the axnine 
coast (129 observations) indicate that tllc 
greatest nnmber sp,zxrn in  the first two 
weeks of Allgust. 

Tlle slxt-nlning perioil of lobsters in tllc 
extrcllle nortll is said to last from Jnly 20th 
to Augnst 20th in Newfo~uldland. Jnly 
ancl Augnst arc tllc lnontlis comlnonly as- 
signed for the spawning in Prince Ecln-arc1 
Island. 

ATqil,tber of Eggs Laic1 c t n d  Lrizu o j  Prodtic-
tio?z.-In the course of the work of lobster- 
liatclling at  tlic Station of the United 
States Fish Commission a t  TJTooil's Holl, 
i t  becolnes necessary to renlore tlie eggs 
froin a large number of lobsters. Tbese 
are careftllly measured and the nnmber de- 
duced by siml~le calculation. I liare tabn- 
lated the nnmber of eggs laid in 4,G45 lob- 
sters rneasu~ing from S to 19 inclles. I n  
examining tlie column of ayerages one is 
strack by tlie fact that a ten-incli lobster 
bears twice as many eggs as one eight i~lclles 
long ; that a tn-elre-inch lobster bears twice 
as  rnally as one ten inches long. I t  is tliere- 
fore suggestctl that  in early years of sex- 
ual vigor there is a general law of fec~ul- 
ditj- wliieh may be thus formulated; the 
nturlber of cggs produced by female lob- 
sters a t  each reproiluctive perioil varies in 
a gcollletrical series; wliilc tlie lengtlls of 
lobsters producing these eggs vary in an 
arithmeticczl series. I f  snch a law prevails 
we would hare the following : 

Series of lengtlls in inches: 

(1) (2) (3) (4) (5) (6) 
S : 10 : 12 : 14 : 1 G  : 1s 


Series of eggs: 

5,000 : 10,000 : 20,000 : 40,000 : 80,000 : 

1G0,000. 
An exainination of the table shows how 

closely tlie first four terms of this serics are 
rel~resented in nature, and that when the 

is illustmtcd by 51 full-lmge plntcs, Inany of ~ \ l l i c l ~  
are cxecuted in colors or reproiluced from l>lloto- 14-16-inch limit is reaclled tlicrc is a, de-
grn111a, aud by 40 figures in the text. cline in sexual activity. Yet the largest 
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numbcr of eggs recorded for lobsters of this 
~sizcshow that there is a tendency to main- 
tain this high standard of production even a t  
an  advanced stage of sexual life. 

A grapllic representation of the fccundity 
of the lpbster tells more forcibly than words 
or figures can do llom closely i t  conforms to 
the law just enunciated. Tlie curve ~vllic11 
,we obtain is the wing of a parabola; the 
cnrve of fecunclity is parabolic up to tlie 
fourth te rn ,  wlierc the ratio of prodnction 
is distinctly lessened. Tlie largest female 
lobster, carrying tlie largest number of eggs, 
was obtainecl a t  No Man's Lancl, June 9th: 
1894,. I t  was s i ~ t e c n  inches long and car- 
riecl one po~und of cggs, estimated to contain 
97,440. It is safe to :tssnme that the avcr- 
agc numbcr of eggs laid by a lobstcr eight 
incllcs long is not above 5,000. The large 
lobster just mentioned, on account of the 
inc~unbranceof its eggs, was unable to fold 
its 'tail,' \vllicli suggests tllc explanation of 
the rudimentary condition of the first pair 
.of sw-immeretts. I f  these appendages mere 
of t,lle average size the large number of eggs 
which would naturally adhere to them 
would make folcling of tlle abdomen impos- 
sible, ancl it is by folclirlg the 'tail' that tlic 
egg-bearing lobster so successf~~lly protects 
hcr cggs and eludes her enemies. 

Period of Abcubation.-Summer eggs which 
arc laid in July and August are ordinarily 
hatched in Jnne, aftcr a pcriod of from tell 
to  clcren months. Nothing is knonm about 
tllc hatclling of fall and winter eggs. The 
majority of tllc cggs xvhicll are hatched a t  
T7Tood7s Roll completc tllcir developmcnt in 
June. 

That yomg arc llatcllcd a t  other times is 
(certain, and we should expect this to be the 
case from the variations which occur in the 
time of ovulation. Captain Chester in 1885 
hatched some eggs a t  Wood's Holl Station on 
tlie 8th of Norcmbcr and the followillg clays, 
tllc temperature of the water raryiag from 
64.3 to 56 degrees Fall. Some lobsters 

wcre hatclled early in February in 1889 a t  
the hatchery of the Fish Commission Station 
a t  Glouccster, Mass. Tlle water was very 
cold, and it was estimated tliat as Inally as 
10,000 lobsters were llatched. 

Periocl of Se.rual ~lfaturity. Lobsters be- 
come mature when measuring from 73 to 
12 illclies in length: Very few* under 9 
inches long have ever laid eggs, while but 
few 1la1.e reaclicd the length of lO3inches 
without having clone so. Tlie majority of 
female lobsters 103 inches long arc mature. 
Anatoinical criclence shows that tllc period 
a t  wllicll lobsters become mature is a rari- 
able one, extencling orer several ycars. 

Freqztency of Spazu~~illg.Tlic adult lobster 
is not an annual spaTvner, but produces 
eggs oncc in t v o  years. This is provcd by 
tlie anatomical study of the reprocluctive or- 
gans, and coilfirmed by the percentage of 
egg-bcaring lobsters ~ ~ l l i c h  annuallyarc 
captured. I n  a total catch of 2,657 lobsters, 
December 1st to June 30t11, 1893 and 1894, 
the sexes were very nearly equally divided, 
and about onc-fifth of tllc mature females 
caught bore external eggs. he catch off 
No Man's Lancl in 1894 amounted to 1,518 
lobstcrs ; 93.5 9 were females, and 63.7 % 
carricd eggs. XT1ien these results are aver- 
aged i t  is found that about one-half of the 
females carriecl cggs, as  would be the case 
if they spawned every other ycar. Ehren-
baum is, w i t l l o~ t  doubt, mistaken in sup- 
posing that the lobster docs not breed often- 
er than once in four ycars (Der Helgolander 
Eluner, ein Gegenstajtd cleutscher Fischerei. 
Aus der Biologiscllen Anstalt auf Helgoland, 
1894. 

Gnstrolifl~s. Gastroliths arc known only 
in two Macroura, tllc lobster and crayfish, 
and wcre obscrved in tlic lobster for the 
first time, and recorded by Gcofioy, the 
Po~ungcr,in 1709. Though a differentiated 
part of tho cuticlc, thcy are not cast off' in 
t,lle molt, but arc retaincd and dissolved- in 
the  stoinacll. Their structure in the lobster, 
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consisting of hundreds of small spicules, 
makes the solution of them possible in a 
very short time. 

The gastroliths have been supposed to 
possess great medical properties and to 
perform a variety of functions, the most 
common and accepted belief being that they 
play an important part in the provision of 
lime for the hardening of the new shell. 
The small quantity of lime which they con- 
tain, however, not more than one one hund- 
red and twenty-sixth of that of the entire 
shell, according to an  analysis recently 
made by Dr. Robt. Irvine, shows that 
this is relatively unimportant. Fragments 
of lime furthermore are always a t  hand, and 
are frequently eaten by the soft lobster, 
shortly after ecdysis, in the adolescent 
stages a t  least. I t  is more likely that the 
gastroliths are the result of excretion of lime 
which is absorbed from parts of the shell to 
render molting possible, and that their sub- 
sequent absorption in the stomach is a mat- 
ter of minor importance. 

Rate of Growth.-Larva increase in length 
a t  each molt (stages 2 to 10) from 11 to 
15.84%, or on the average about 13.5% 
(measurements from 66 individuals). The 
increase in the young a t  each molt agrees 
quite closely with that seen in the adult, 
where the increase per cent. in ten cases 
was 15.3%. Allowing an increase per 
cent. a t  each molt of 15.3-probably not ex- 
cessive for young reared in the ocean-and 
assuming the length of the first l a r v ~  to be 
7.84 mm. we can compute approximately 
the length of the individual a t  each molt. 

Length at 10th molt 28.23 mm. 
'' L'15th 57.53 l L  

l L  20th 117.24 L L  

L' 25th " 258.90 (' (9.5inches.) 
L L  30th 486.81 (19.1 inches.) 

According to this estimate a lobster two 
inches long has molted 14 times ; a. lobster 
5 inches in length, from 20 to 21 times ; a n  
adult from 10 to 11 inches long, 25 to 26 

times; and a 19-inch lobster, 30 times. These 
estimates do not, I believe, go very far 
astray. W e  see them practically verified 
up to the tenth molt. 

The time interval between successive 
molts is the next point to consider. Here 
the data are very imperfect. How long i s  
the three-inch lobster in growing to be six 
inches long ? Probably not more than two 
years and possibly less. This is supported 
by the observations of G. Brook. W e  there- 
fore conclude that a ten-inch lobster is be- 
tween four and five years old, with the 
highest degree of probability in favor of the 
smaller number. 

FRANCISH.  HERRICK. 
ADELBERTCOLLEGE. 

THE NEWARK SYSTEIW. 

INan article in a recent number of SCI- 
ENCE* Professor C. H. Hitchcock again ob- 
jects to the use of 'Newark1 as a group 
name in geology. This article is essen- 
tially a republication of a portion of a paper 
by the same author, which appeared in the 
American Geologist in 18901 in criticism of 
an  article of mine in the same journal,$ 
in which reasons were presented for reviv- 
ing the use of Newark as a name for a cer- 
tain system of rocks. 

I replied3 to Professor Hitchcock's ob- 
jections and criticisms, and showed conclu- 
sively, as I believe, that the term referred 
to has precedence over all other names ap-
plied to the system in question, which do 
not imply correlation. I n  his recent article 
Professor Hitchcock does not so much a s  
mention my rejoinder ;but is of the opinion 
that the considerations presented in his ear- 
lier paper 'would have been sufficient to 
convince any one, looking a t  the subject ju- 
dicially and impartially, of the inadequacy 

"Val. 1,New Series, Jan. 18, 1895, pp. 74-77. 

t Vol. 5, 1890, pp. 197-202. 

1Vol. 3, 1889, pp. 178-182. 

&Am. Geol., Vol. 7, 1891, pp. 238-241. 



