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RELATIONS O F  TEMPERATURE TO VERTEBRA3 
AMONG FISHES.' 

IThas been known for many years that in certain groups 
of fishes the northern or cold water representatives have a 
larger number of vertebra than those members which are 
found in tropical regions. To this generalization, first for- 
mulated by Dr. Gill in 1863, we nlay add certain others 
which have been more or less fully appreciated by ichthyol- 
ogists, but which for t11e most part have never received for- 
mal statement. I u  groups containing fresh-water and marine 
members, the fresh-water forms have in general more verte- 
b r ~  The fishes inhabiting the than those found in the sea. 
depths of the sea have more vertebra than their relatives 
living near the shore. I n  free-swimming pelagic fishes the 
number of vertebra is also greater than in the related shore 
fishes of the same regions. The fishes of the earlier geologi- 
cal periods have for the most part numerous vertebrz, and 
those fishes with the low numbers (24 to 26) found in the 
specialized spiny-rayed fishes appear only in  comparatively 
recent times. I n  the same connection we may also bear in 
mind the fact that those types of fishes (soft-rayed and ana- 
canthine) which are properly characterized by increased 
numbers of vertebra predominate in the fresh waters, the 
deep seas, and in Arctic and Antarctic regions. On the other 
hand, the spiny-rayed fishes are in  the tropics largely in the 
majority. 

I n  the present paper, I wish to consider the extent to which 
these statements are true and to suggest a line of explanation 
which covers all these generalizations alike. 

For the purpose of this discussion we may assume the de- 
rivation of species by means of the various influences and 
processes, for which, without special analysis, we may use 
the term *'natural  selection." By the influence of natural 
selection, the spiny-rayed fish, so characteristic of the pres- 
ent geological era, has diverged from its soft-rayed ancestry. 

1 Abstract of a paper by David Starr Jordan. president of Leland Stanford, 
Jr., University (Proceedings U.S. National Museum, XIV.,107). 

The influences mhich have produced the spiny-rayed fish 
have been most active in the tropical seas. I t  is there that 
" natural selection " is most potent, so far as fishes are con- 
cerned. The influence of cold, darkness, monotony, and 
restriction is to limit the direct struggle for existence, and 
therefore to limit the resultant changes. I n  general the ex-
ternal conditions most favorable to fish life are to be found 
in the tropical seas, among rocks and along the coral reefs 
near the shore. Here is the centre of competition. From 
conditions otherwise favorabli: to be found in Arctic regions, 
the majority of competitors are excluded by theii* inability 
to bear the cold. I n  the tropics is found the greatest variety 
in surroundings, and therefore the greatest variety in the 
possible adjustments of series of individuals to correspond 
with these surroundings. 

The struggle for existence in the tropics is a struggle be- 
tween fish and fish, and among the individuals of a very 
great number of species, each one acquiring its own pecaliar 
points of advantage. No form is excluded frotn competi- 
tion. No competitor is handicapped by loss of strength on 
account of cold, darkuess, foul water, or any condition ad-
verse to fish life. 

The influences which serve as a whole to make a fish more 
intensely and compactly a fish, and mhich tend to rid it of 
every character and every organ not needed in fish life, 
should be most effective along the rocks and shores of the 
tropics. 

For this process of intensification of fish-like characters, 
which finds its culmination in certain specialized spinv-raved 
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fishes of the coral reefs, we may conveniently use the term 
" ichthyization." 

If ichthyization is in some degree a result of conditions 
found in the tropics, we may expect to find a less degree of 
specialization in the restricted and often unfavorable condi- 
tions which prevail in the fresh waters, in the cold and ex- 
clusion of the polar seas, and especially in the monotony, 
darkness, and cold of the oceanic abysses where light can not 
penetrate and where the temperature scarcely rises above the 
freezing point. 

An important factor in ichthyization is the recluction of the 
number of segments or vertebrz, and a proportionate increase 
in the size and complexity of the individual segment and its 
appendages. If the causes producing this change are still 
in operation, ;ve should naturally expect th:~t in  cold water, 
deep water, dark water, fresh waters, and in the waters of a 
past geological epoch the process woulil be less complete and 
the numbers of vertebrz would be l a~ger .  And this, in a 
general way, is precisely what we find in the examination of 
a large series of fishes. 

If this view is correct, we have a possible theory of the 
reduction in numbers of vertebrze as we approach the equator. 
I t  should, moreover, not surprise us to encounter various 
modifications and exceptions, for we know little of the habits 
and scarcely anything of the past history of great numbers 
of species. The present characters of species may depend om 
occurrences in the past concerning which even guesses are 
impossible. 

I t  may be taken for granted that the ancestry of the various 
moderd types of bony fishes is to be sought among the 
Ganoids. All the fossil forms in this group have a notably 
large number of vertebrae. The few ilow living are nearly 
all fresh-water fishes, and among these, so far  as known, the 
numbers range from 65 to 110. 

Among the Teleostei or bony fishes, those which first ap- 
pear in geological history are the Isospondyki, the allies of 
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the salmon and herring. These have all numerous vertebra3, 
small in size, and none of them in any notable degree modi- 
fied or specialized. I n  the northern seas Isospondyli still 
exceed all other fishes in number of individuals. They abound 
in the depths of the ocean, but there are comparatively few 
of them in the tropics. 

The Salmonidce which inhabit the rivers and lakes of the 
northern zones have from 60 to 65 vertebrz. The Scopelidm, 
Stomiatidce, and other deep-sea analogues have from 40 up-
wards in the few species in which the number has been 
counted. Thegroup of Clupeidm is probably nearer the primi- 
tive stock of Isospondyli than the salmon are. This group is 
essentially northern in its distribution, but a considerable 
number of its menibers are found within the tropics. The 
common herring ranges farther into the Arctic regions than 
any other. Its vertebra? are 56 in number. I n  the shad, a 
northern species which ascends the rivers, the same number 
has been recorded. 

The sprat and sardine, ranging farther south, have from 
48 to 50, while in certain small herring which are strictly 
confined to tropical shores the number is but 40. Allled to 
the herring are the anchovies, mostly tropical. The north- 
ernmost species, the common anchovy of Europe, has 46 
ver tebra  A tropical species has 41 segments. There are, 
however, a few soft-'ayed fishes confined to the tropical seas 
in which the numbers of vertebra3 are still large, a n  excep- 
tion to the general rule for which there is no evident reason 
unless it be connected with the wide distribution of these 
almost cosmopolitan fishes. I n  a fossil herring-like fish from 
the Green River shales, I counted 40 vertebrze; in a bass-like 
or serranoid fish from the same locality 24, these being the 
usual numbers in the present tropical members of these 
groups. 

The great family of Siluridce or catfishes seems to be not 
allied to the Isospondyli, but a separate offshoot from an- 
other ganoid type. This group is represented in all the fresh 
waters of temperate and tropical America, as well as in the 
warmer parts of the Old World. One division of the family, 
containing numerous species, abounds on the sandy shores 
of the iropical seas. The others are all fresh-water fishes. 
So far as the vertebre in the Siluridca have been examined, 
no conclusions can be drawn. The v e r t e b r ~  in the marine 
species range from 35 to 50; in the North American forms 
from 37 to 45, and in the South American fresh-water spe- 
cies, where there is almost every imaginable variation in 
form and structure, the numbers range from 26 to 50 or 
more. 

The Cyprinidm, confined to the fresh waters of the north- 
ern hemisphere, and their analogues, the Characinidca of 
the rivers of South America and Africa, have also numerous 
vertebra?, 36 to 50 in most cases. I fail to detect in either 
group any relation in these numbers to surrounding condi- 
tions. 

I n  general, we may say of the soft-rayed fishes that very 
few of them are inhabitants of tropical shores. Of these few, 
some which are closely related to northern forms have fewer 
vertebra3 than their cold-water analogues. I n  the northern 
species, the fresh-water species, and the species found in the 
deep sea, the number of vertebra3 is always large, but the 
same is true of some of the troplcal species also. 

Among the spiny-rayed fishes the facts are more striking. 
Of these, numerous families ape chiefly or wholly confined 
to the tropics, and in the great majority of all the species 
the number of vertebrze is constantly 24, 10 in  the body and 
14 in the tail (10 +14). I n  some families in which the pro- 

cess of ichthyization has gone on to an extreme degree, as in 
certain Plectognath fishes, there has been a still further re- 
duction, the lowest number, 14, existing in the short inflexi- 
ble body of the trunkfish, in which the vertebral joints are 
movable only in the base of the tail. I n  all these forms, the 
process of reduction of vertebra has been accompanied by 
specialization in  other respects. The range of distribution 
of these fishes is chiefly though not quite wholly confined 
to the tropics. 

A very fern spiny-rayed families are wholly confined to 
the northern seas. One of the most notable of these is the 
family of viviparous surf fishes, of which numerous species 
abound on the coasts of California extending to Oregon, and 
Japan, but which enter neither the waters of the frigid nor 
the torrid zone. These fishes seem to be remotely connected 
with the Labrid@ of the tropics, but no  immediate proofs of 
their origin exist. The surf fishes have from 32 to 42 verte-
brze, numbers which are never found among tropical fishes 
of similar appearance or relationship. 

The case of the Labridca, in which the fact was first no- 
ticed, has been already mentioned. Equally striking are the 
facts in the great group of Cataphracti, or mailed-cheek 
fishes, a tribe now divided into several families, diverging 
from each other in various respects, but agreeing in certain 
peculiarities of the skeleton. Among these fishes the family 
most nearly related to ordinary fishes is that of Scorpcenidc~. 
This is a large family containing many species, fishes of local 
habits, swarming about the rocks at  moderate depths in all 
zones. The species of the tropical genera have all 24 verte-
bra.  Those genera chiefly found in cooler waters, as in Cali- 
fornia, Japan, Chili, and the Cape of Good Hope, have in all 
their species 27 vertebrz, while in the single arctic genus 
there are 31. An antarctic genus bearing some relation to 
Sebastes has 39. 

Allied to the Scorpcanida, but confined to the tropical or 
semitropical seas, are the Platycephalidce, with 27 vertebra, 
and the Cephalacanthidce, with but 22. I n  the deeper waters 
of the tropics are the Peristediidce, with 33 vertebra:, and 
extending farther north, belonging as much to the temperate 
as to the torrid zone, is a large family of the Triglidce, in 
which the vertebra: range from 25 to 36. 

The family of Agonidce, with 36 to 40 vertebre, is still 
more decidedly nortl~ern in its distribution. Wholly con- 
fined to northern waters is the great family of the Cottide, 
in which the vertebra ascend from 30 to 50. Ent i~e ly  polar 
and often in deep waters are the Liparididw, a n  offshoot 
from the Cottidce, with soft. limp bodies, and the vertebra 
35 to 65. I n  these northern forms there are no scales, the 
spines in the fins have practically disappeared, and only the 
anatomy shows that they belong to the group of spiny-rayed 
fishes. I n  the Cyclopteridce, likewise largely arctic, the 
body becomes short and thick, the backbone inflexible, and 
the vertebrz are again reduced to 28. I n  most cases, as the 
number of vertebrs increases, the body becomes proportion- 
ally elongate. As a result of this, the fishes of arctic waters 
are, for the most part, long and slender, and not a few of 
them approach the forni of eels. I n  the tropics, however, 
while elongate fishes are common enough, most of then] 
(always excepting the eels) have the normal number of ver- 
tebra?, the greater length being due to the elongation of their 
individual vertebra: and not to their increase in number. 

Tn the great group of blenny-like fishes the facts are equally 
striking. The arctic species are very slender in form as 
compared with the tropical blennies, and this fact, caused by 
a great increase in the number of their vertebrz, has led to 
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the separation of the group into several families. The tropi- 
cal forms composing the family of Blelzniidm have from 25 
to 49 vertebra, while in the arctic genera the numbers range 
from 75 to 100. 

The anacanthEne fishes in whole or iii part seen1 to have 
sprung from a Llennioid stocli. Of these the most specialized 
group is that of the flounders (PZeurolzectidm), already de- 
scribed. The wide distribution of this family, its illembers 
being found 011 the sandy shores of the zones. renders i t  es- 
pecially important iii the present discussion. The other 
anacantliiae fizmilies are chiefly confined to the cold waters 
or to tine depth of the seas. I n  the cod family (Badidn?) the 
number of vertebrs is usually about 50, and in their deep- 
sea allies, the grenadiers or rat-tails, the numbers range frorn 
65 to SO. 

Of the families confineil stricllv to the fresh waters, tile 
great majority are among tire soft-rayed or physostomous 
fishes. the allies of the salnion. pike, carp. ancl cat-fish. 111 

all of these the vertebrz are liumerous. rk few fresh-water 
Carriilies have their affinities entiisely -with the nlore special- 
ized forms of the tropical seas. Of these the Cenfrwrchiclte 
(conlprisn~g the American fresh-water sua-fish slid black 
bass) ha1.e on the average about 30 vertebrs, the pirate perch 
29, ant1 the perch family, perch and darters, etc.. 33 to 45, 
while the Serranidir or sea bass, the ilearest ma]-ine relatiyes 
of all these, have coilstalltly 2-1 The marlire family of 
rKemoiseIles (Pomacentridt~) have 26 rertebi-tx, ~vhile 30 to 
40 vertebrz usually exist in their fresh-water analogues (or 
posslhly dezcendants), the C i c h l i d ~ ,  of the rivers of South 
Ame~ica, and Africa. The sticklebacks, a family of spiny 
fislles. confined to t l ~ e  rivers and seas of the norti], have from 
31 vertebra? to 41. 

It is apparently true that anlong the free-s~~imrriiag, 0' 

nnigratory pelagic fishes, the number of verteis~az is greater 
than among their relatives of local habits. This fact is most 
evidelit anlong the Scombriforn~ fishes, the allies of the mack- 
erel and tunny. All of these belong properly to the \oaiVnl 
seas, ancl the reduction of the vertebrz in certain forms has 
no evident relation to the temperature, tho~lgh it seems to 
be related in some degree to the habits of the species. Per-
haps the retention of many segn~ellts is connected with that 
strength and s~viftness in the water for which the mackerels 
are pre eminent. 

The variations in tlle number of vertebrm in this group led 
Dr. Giinther, i~ear ly  thirty years ago, to divide it into two 
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fishes, but its progress has been of another character. The 
eel would be regarded in the ordinary sense as a degenerate 
type, for its bony structure IS greatly simplified as compared 
with 1ts ancestral forms, but in ~ t s  eel-like qualities it IS, how-
ever, greatly specialized. All tlle eels have vertebrz in  great 
numbers. As the great majority of the specles are tropical, 
and as the vertebrz in very few of the deep-sea forms have 
bee11 counted, no col~clubions call be drsawn as to the lael a t' lon 
of their vertebr:e to the tempmature. 

I t  is evident that the two families rnost decidedly tropical 
in their distribution, the morays and tlie snake-eels, have 
d~verged farthest from the primitive stock. They are most 
< i d e g e ~ ~ e r ~ ~ t e , "as shown by the reduction of their skeleton. 
,4t the saiile t ~ m e  they are also most decidedly " eel-like," 
and in smle respects, as iil coloration, dentillon, muscular 
clerelopinent, rnost highly speciailzed. I t  is evldei~t that the 
preiel~cr of iiunlerous vectebrd joints is ersseutia: to tlie sup- 
pleness of body which 1s the eel's chlef soarce of power. So 
far  as Brlown, the ~~~ar i ibers  vertebra in eels range fiom of 
115 to 160, borne of the deep sea eels having probably higher 
f lu~ i~b t l s ,if \TO can iiran ~nfereuces from their s lel lde~ or 
whip-hire tornls; but t l~ib character iuay be elusive. 

The sharks show li!rewlse a very large number of ertebrx, 
130 to 130 111 the specles in which they have been coutlted. 
111 these fisheq 110 conlpararive study of the v e r t e b r ~  has been 
made The gronp is a very ancie~lt  oue In geological tline, 
and in the comparatively few rernaiiiing members of the 
group, the veratpbr~e, In fact the entlre skeleton, is 111 a very 
pyimltire coud~tioa. The sharks are free-swimn~ing fishes, 
and wltli them as with t l ~ e  e-Is, flexlbililp of body is essent~al 
to the life they lcad. 

111 qornc faillilies the iiumber of rays In the dorsal and 
anal 611s i.; depeuclent on the  number of vc~tebr:%. It is 
therefore subject to the same Buctuatlons. This ~selatlon is 
not strictly proportionate, for often a variable number of 
rays v~iili their intsrspinal processes ill be luterposed be- 
tween a pair of vertebra. The myotornes or muscular bands 
on the sldes are usually coinc~denl 1~1th the number of vel- 
tebrm As, however, these and other characters are rle-
pendent on dlff'erences in vertebral segmeatatio~~, lhey bear 
the same relations to tenlperature that the vertebrz them- 
selves sustain. 

From the foregoing examples we map conciude that, other 
things being equal, the numbers of v e r t e b r ~  are lowest i n  
the shore fishes of the tropics, and especially in those of local 

families, the Carnng ic l~  and Scombr id~ .  The C a r a ~ z g i d ~  habits, llving about rocks and coral reefs. The cause of 
are tropical shore fishes, local or migratory to a slight cle- 
p e e .  All these have from 24 to 26 vertebrs. I n  their pelagic 
relatives, the dolphins, there are from 30 to 33; in the opahs, 
45; in the brama, 42; while the great maclrerel family, all of 
whose lnenlbers are more or less pelagic, h a w  from 31 to 50. 
Other mackerel-like fishes are tlie cutlass fishes, which ap- 
proach the eels in form and 111 the reduction of the fins. I11 
these the s~ertebrke are correspondiiigly numerous, the nuin- 
bers ranging from 100 to 160. I n  apparent cotltradistinctio~i 
to this rule, however, the pelagic family of sword-fishes, re- 
motely allied to the mackerels, and with even greater powers 
of swimming, has the vertebrze in normal number, the com- 
mon sword-fish having but 24. 

The eels constitute a peculiar group of uncertain but 
probably soft-rayed ancestry, in which everything else has 
been subordinated to muscularity and flexibility of body. 
'?he fins, girdles, gill arches, scales, and membrane bones are 
:dl imperfectly developed or wanting. The eel is perhaps as 
far from the primitive stock as the most highly ichtbyized 

this 1s to be found in the fact tliat in these localities the in- 
fluences of natural selection are rnosl actlve. The production 
of ve~tebrce mag he regarded as a phase In the process of 
spec~allzation ~vhlch has brought about the typlcal spiny- 
rayed fish. 

These iiifluences are most active 111 the ~varm,  clear waters 
of troplcal shores, because these regions offer conditior~s most 
favorable to fish life, and to the life of the greatest variety 
of fishes. No fish is excluded from competition. Tliere 1s the 
greatest varlety of competitors, the greatest variety of fish- 
food, and the greatest variety of coilditions to which adapta- 
tion is possible. The number of species visiting any slugle 
area IS vastly greater in the trop~cs than in cold reglons. A 
single drawlng of the net on the shores of Cuba mill obtain 
more different kinds of fish than can be found on the coasts 
of Maine in a year. Cold, moaotony, darkness, isolation, 
foul water,--all these are characters opposed to the formation 
of variety in fish-life. The absence of these is a chief feature 
of life 111 the tropical waters. 
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The life of the tropics, so far as  the fishes a re  concerned, 

offers analogies to the life of cities, viewed from the s tand-  
point of h u ~ n a n  development. I n  the same way, the other 
regions under consideration are, if we may so speak, a sort 
of iclitliyological backruoods. I n  the cities, in general,  the 
coi~ditions of individual existence a re  most easy. but  the corn- 
petitioll is niost severe. The struggle for  existence is not a 
struggle v i th  the forces and  conditions of nature. I t  is not 
a struggle iTitli mild beasts, unbroken forests, or a stubborn 
soil, but a co:rll)etition between Inan and inan for the  oppor- 
tuni ty of living. 

I t  is i n  the cities where the influences ivhicll tend to the 
mode~uizatioii  and concentration of the  characters of the 
species, the irmtensification of hurlla11 powers and  their adap- 
tation to the \-:trious special conditions, go on most rapillly. 
That  this iatensification is not necessarily. progress, either 
physically or morally, is aside from our  present puiql)ose 

It is i n  the  citizs where those char~acters and quahties uot 
dilectly useful ill the strilggie for exiqtence a re  fimt lost o r  
atrophied. Conversely it is in tlie "backmoocls," tlie region 
most distiilct from hurnan conflicts, xvhzrc. primitive customs, 
ai~ticluate? peculiarities, and useless traits are  longest and 
most persistently retained. The life of the bac!k~voods rvill 
be not less active and vigorous, bul  i t  ivill lack ijpcci:~!iza-
tion. 

It is not  ~ve l l  to pus11 this analogy too far. but InSy 
per11~:l's find 111 ; t  a suggestion ac, to tbe developrrle~lt of the 
eels. I n  every city there is a class tvhlcli palta1;es in no 
degree of the general line of tlevelopment. Tts  lnpmbers a r e  
specialized i n  a wllolly different way, therehy taking to thein- 
selves a field mhich the others have abandoned. arid makiiig 
u p  i n  low cunning  what  they lack i n  strength ancl intelli- 
gence. Thus among the fishes ;ye have i n  the regious of 
closest competition a degenerate and non-ichthyized form, 
l u r l r ~ o g . i a  holes among rocks ancl ci.eeplng i n  the sand, 
lllieres and scavengers among fishes. Tlie eels fill a place 
~ v l ~ i c l i  112 their way, they ivoulcl otherwise b.2 left u~ifilled. 
are  perfectly adapted to the lives they lead. A inultiplicity 
of v c r t e l ~ r d  j o ~ r ~ t s  is useless to the typical fish, bu t  to tlie eel 
s t r e n ~ t h  ancl suppleness a re  e v e r y t k ~ ~ n g ,  and  n o  armature of 
fin o r  scale or bone so desirable a s  its power of escapillg 
through the smallest opening. 

I t  may be too that ,  as rovers i n  the open sea, the  s t rong 
swift ineuibers of the mackerel family find a positive advan- 
tage iu the possessioii of many  vertebrat, and  tha t  $0 some 
aclaptatioii to  their niode of life me lriust attribute their lack 
of ichthy~zat ion of the slreleton. But  this is wholly hypo- 
theticdl, and we may leave the  subject with the general con- 
o l u s i o ~ ~that  wit11 the typical fish advance i n  structure has 
specialized the rer tebrz,  increased their size and  the  com-
plexity o f  their appendages, while decreasing their numbers;  
a n d  that. nritli some exceptions and iiioclifications, this re-
duction is characteristic of fishes i n  the  tropics, a n d  that  it  is 
s o  becw~se in the tropics the processes of evolution are  most 
actire, so fa r  as  the fishes a re  concerned. 

LETTERS TO THE EDITOR. 
+:::, C O ~ ~ C S I ) O ~ L I ~ C ? L ~ S  The writey's ?uc?ize ure requested to  be cis brief as possible. 
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(1% ~ t q i ~ e s ti i ~advui~ce, o?ze hu?~dved copies of co?~tai?ningthe ~ ~ u i n b e ~  his 
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1 7 1 ~editor rucll be glad to publish any queries co?zsonuict with the character 
of the J o ~ L ~ ? L c L ~ .  

Fair-Weather Echoes. 
RLY dog, a deep-voiced Neivfoundlander, has one plague in life 

- an echo. It  comes from a cottage some three hundred yards 
off, and there that " other dog" will always hare the last word. 
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This is exasperating, and "Graph " -he is named after another 
sound-producer, the graphophone -gives vent to his anger in a 
series of short, sharp, threatening yelp-, which are of course more 
distinctly reproduced than the long- bow-wows and howls. Last 
night Graph was very noisy, but the echo was silent. I tried to 
rouse it, and excited Graph to do his utmost, but with no effect. 
A moderate, even-do'vn rain was falling, ancl the fair-weather 
echo \voulcl not out. There is, of course, a reason forr e a t ~ ~ r e  
this, but  I had never noticed the fact before. Is  the explanation 
that the lines of rain cut throngh the aerial sound-waves and 
stop them ? 4 r e  echoes among the hills inteifered with by 
rein ? 

When the shovler nas  over I te3ted the echo again, and there it 
nas, a little fainter than usual, but pe~sistent as ever. 

A. 81. B. 
('ol,~~ii.ill;i.i~oh,Tin , Bug 13 

Nnmber of Words  in an Ordinary Vocabulary. 

11; exnalii~illg tlie vocabularies of children, iny interest in the 
size an11na,ture of the roeahnlary of an ordina-ry person, previ- 
ously aroused by the varyin:: sttite~nenls and estimates I have 
secn. was excited sufficiently to induce n ~ eto spend a portion of 
tny vacation i11 making some inrestigations, the results of which 
!nay be of interest to the renders of Science. 

i tirob turned to TVebster's Una'r~ddged Dictionary (edition of 
1870'1, ;:ntJ, counteil the words on every twenty-fifth page, and 
fouiitl the l~ercentage of tliem whose rnearling was lziiown to me. 
Tl>rn b,v calcu1:ltioa I found thak if tile saoue percentage holds for 
the otl~er pages I ii~ust l;i~o\v the ~neaning of nearly seventy thou- 
sand of the words given ia that edition of the dictionary. Since 
in the djctionary a word as a transitive verb, as an intransitive 
verb. as a noun, as a n  adjective, as an adverb, is separately de- 
Rnerl, as well as wl~en  used with a prefix, a suffix, or in a com-
pound; and since the irregular plurals, adjectives irregularly 
compared, and the parts of irregular verbs are also given, this 
iiumber is perhaps twice that of the really different words. The 
meaning of sorne of these words was readily divined from their 
forw, although they had never been seen. On the other hand, 
one word not u~ifrequently has a dozen different shades of mean-
ing. several of which oftell require as different and definite asso-
ciations as entirely distinct words. Hence the effort required to 
learil all of these words, with 1,lleir cliffevent shades of meaning, 
but si~nilar form, is probably as great as it  would be to have sev- 
enty thousand different words, each lia,ving but one meaning. I 
did not understand the meaning of all of the words well enough 
t,o define and use them with accuracy, but merely well enough to 
grasp their meaning in ally sentences in which they might be used, 
and I probably have never actnally used a fourth of them. But, 
besitles tlie words in the dictionary and some new words given in 
later erlitions, and a number of words and phrases from other lan- 
guages in common use, thete are probably several thousand proper 
names, such as are found in history, geography, fiction, and 
among acquaintances. each with its distinct associations, familiar 
to every intelligent person. These words mill more than make 
up for any error in counting that I could have made. 

Professor E S. Holden (Trans. Philol. Soc., 1877). found his 
own vocabulary to be between thirty-thlee and thirty-four thon- 
sand words, and estimated that of an ordinarily intelligent person 
at twenty-five thousand. I do not know what he called a word, 
nor cvhether he counted as known words that he could not or did 
not u5e. He estimates that the vocabulary of technical terms 
possessed by a specialist tilay reach ten thousand or more. I n  

Gray's Structural Botany " there is a glossary of between two 
and three thousand technical term?, the vast number used in 
cryptogarnic botany not being included in the list, and of course 
none of the special names of 1)1ants, so it is not improbable that a 
well-read botanist may have a technical vocabulary of ten thou- 
sand words, and a zoologist a greater number. 

The words in common use by the ordinary individual has been 
estirnat~cl a t  from one to three thousand, and it is claimed that 
when one has learned the meaning of that many words he can 
carry on any ordinary conversation or understand common, gen- 


