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CYCLICAL  RAINFALL  AT  SAK  FRANCISCO

>

By  Pliny  Eable  Cxr.vsE,  Professor  of  Physics  in  Haverforo
College.

[Read before  the American Philosophical  Society.  July  X\)th  and Octoher
18a, 1873.)

Although  I  know  of  no  good  reason  for  iidinitting  tJiat  the  questioji,
whether the moon exerts an influence upon the weather, is still an open
one, there is, imdoubtedly, considerable uncertainty as to the value of any
predictions that may he based upon such influence, liable, as it is, to local,.
accidental  and variable disturbances,  pai'tly of a known and partly of an
unknown  character.  On  this  account,  I  think  it  desirable  to  collect  and
discuss all accessible records of observations extending over a period ol' '
ten or more years, especially in the neighborhood of sea-coasts and large-
]")oiiies of water, in order to find how  ̂the lunnr weather-curves are modifled^i
by the forms of continental relief, the average hygrometric condition of ~
the air, the changes of wind, and other obvious or more obscure sources
of  x>erturbation.  I  am  Avilling  to  devote  all  the  time  I  can  spare  from

\
TABLE  I.

Different and non-correspondent Rainfalls at San Francisco, in Lunar and Solar
periods  ̂from July 1, 1849, to July l  ̂1872. R= Total fall j N  ̂Normal percentage of
rai 71.
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*1849, '62, '65, '-58, '61, '64, '67, '70 ; 1850. \53, -56, c-to. , 1851, '.54, '.57, '60, etc.
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daily duticHj te such invcstigaUons ; but the Hold is so large that I wouUl
^iadly welcome tlic co-opei-atiou of all wlio may feel an iiii,erest iu studies
tliat promise new and satisfactory results as a reward for diligent labor.

The  success  of  the  Signal  Service  Bureau*  has.  demonstrated  the  im-
|)ortance  of  careful  attention  to  the  most  miiuite  indicatiojis  of  possible
■lawj and the intlucnce of  the physical  geography of  our continent upoji
■the weather has bcci? so v/cU ascertained tliat wc nuiy retsonably hope
■for  similar  success from a like careful  study of  astronomical  inllueuces.
The well-known tendency to weekly meteorological cycles lias never been

•attributed to any more obvious or probable cause tlian lunar modificationK
-of solar action, and such evidences of cyclical uniformity as have already
^rewarded my limited researcheSj encourage me to hope that nuich of tht^
upparent  discordance  and  supposed  accidental  .irregularity,  by  whit^h
Jttneteorologists are .still perplexed, will be rinal]y shown, by broad generali-

^

L4* Captain Toynbee's recent discussion, for tlie Britisli Meteorological Committee, ' ' of the iiic-
rteovology of tlic part of the Athmtlc lyiu ̂north of 30° N. . for the eleven day,? ending SUi Fcl)-
riiary, 1R70, " gives very (liateringevidence of the estimation iu which this success is held
abroad. On page 164, he says : ' ' This paper only doaLs wiUi eleven days of rathor exceptional
weather, when a southerly wind prevailed on our coasts. It can only he considered as a lirst
attempt at the style of work which is needed to counoet the oxccUont ohsorvations now being
i4ikon in America with those iu Europe.

i
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zations, to be as completely subject to ascertainable laws as are the mo-
tions of the heavenly bodies.

About  a  year  ago,  I  sliowcclj  by  my  discussions  of  tlie  Lisbon  rainfall
{ante j>p.  178-190),  that  it  is  possible,  under favorable circumstances,  to
obtain  satisfactory  evidence  of  lunar  iuliuence  upon  the  weather,  even
from  a  comparison  of  the  rainfall  in  different  cycles  of  less  than  six
years'  averaj^^e  duration.  My  subsequent  discussion  of  the  monthly
means  of  Tennent's  San  Francisco  observations  [Journal  of  the  Franklin'
Institute, Ixiii.  204-6), led me to hazard certain predictions relative to the
tidal  rains  on  the  opposite  shores  of  continents,  and  the  influence  of
opposite  winds,  or  of  upper  and  lower  tidal  currents.  Mr.  Tennent  has
generously furnished me a copy of his'daily observations on the rainfall,
which so fully  corroborate the first  and third of  those predictions,  that  I
hope  to  obtain  from  him  an  equally  complete  record  of  the  direction  of
the  wind,  in  order  to  have  the  requisite  data  for  similarly  testing  the
other  two.  Governor  Rawson  W.  Rawson,  C.  B.,  has  also  kindly  con-
sented to provide me with a transcript of observations at Barbados, a sta-
tion within the belt of the trade winds, and, therefore, favorably situated
for such comparisons with the San Francisco observations as may serve.

<
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to strengthen the inferences which 1 have ah-eady published,  and,  i^er-
haps, supply additional data of a novel character.

The accompanying tables and curves are constructed on the same plan
as those in my previous meteorological papers. The scale and the degree
of  smoothing  by  successive  means  are  uniform  ;  the  comparative  intlu-
ence  of  the  sun,  moon  and  Jupiter  can,  therefore,  be  readily  seen  at  a
glance.  The  vertical  lines  (0  to  7)  in  each  set  of  diagrams  indicate  the
mean hour at which the moon or planet is on the meridian, as follows :

12  M.  3  6  P.  M.  4  13  P.  M.  6  6  A.  M.
1  3  P.  M.  3  9  P.  M.  5  3  A.  M.  7  9  A.  M.

The  tidal  influence,  therefore,  co-operates  with  the  maximum  direct
solar  influence,  in  the  atniosi>hcro  as  a  whole,  and  especially  in  the
upper currents, at and 4 ; in the lower atmosphere and with the surface
winds,  at  2  and  6.  The  positions  of  Newton's  theoretical  higli  tides
Princlpia, B. I., Prop. Qij, Cor. 20) are at 1 and 5 ; the low tides at 3 and 7.

My  theoretical  low barometer  is  synchronous  with  Newton's  higlr  tide  ;
high barometer, with low tide.

The moon's  influence is  most  marked in  the heavy rains  (a)  ;  least,  in
the  frequency  of  rainfall  {y).  The  principal  maximum  both  iu  frequency
and amount,  is  near  the  time of  full  moon,  when the  local  atmospheric

TABLE  IV.
number of Rainfalls, and ainounis of heavy rains {one inch or more), at San Franciseo,

on Lunar days.

TJUMBER OF RAINFALLS.A.
g  1849.57.
b^  No.  N.
1  8  71  16  108
2  12  76  17  102
3  16  88  12  97
4  17  96  15  99
5  15  98  17  103
■6  18  97  14  106
7  14  95  17  111
a  16  95  19  116
9  17  95  16  115

10  14  91  18  110
II  15  89  15  103
r2  13  99  13  102
13  22  117  18  110
14  23  130  17  121
15  21  131  21  126
16  22  125  2Q  116
17  19  117  11  98
18  16  118  14  89
19  25  125  13  87
20  20  123  13  87
•21  20  108  13  86
22  12  91  13  87'
23  13  88  13  89
24  17  99  14  89
25  20  105  14  81
26  16  101  8  72
27  15  91  10  78
28  14  84  16  95
29  ....  12  81  17  108
m  ItJ  76  17  HI

1857-64. 1864-72. Av.
^ — ^..-^No.  N.  No.  N.  N.

AMOUNT OF HEAVY EA1K8.^ A1849-57.
A.

1857-64.A 1864^72./Vv.
N.  A.  N.  A. N.  N.

14 84
95
66
67

114
144
143
142
141
122
8T
64
80

123
166
180
152
106
68
60
86

117
121
98
90
93
70
41
32
48

2.38
.00

4.21
1.61
2.12
6.29
1.14
3.22
3.49
2.75
1.45
1.05
7.76
6.09
.00

6.75
.00

4.25
4.54
.00

1.60
1 62
1.34
3.08
1.02
.00

1.68
.00

8.46
1.67

75
66
81
92

111
124
113
105
106
91
79

116
181
207
190
152
118
111
103
68
49
55
66
60
48
31
44
94

138
119

92
87
77
74
97

116
117
115
118
110
90
88

116
154
176
166
131
117
112
87
72
80
83
72
67
63
60
72
94
0)i

\
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oscillations  from  lunar  influence  are  most  antagonistic  to  solar  action  ;
the principal minimum, near the time of new moon, when the oscillations
tend most  strongly  to reinforce solar  action.  These laws have such gen-
erality,  that,  at every station which I have hitherto examined, their influ-
ence is distinctly traceable.

Next  in  importance  to  the  moon's  modification  of  solar  meteorologic
influence,  appears to be its  modification of  atmospheric pressure.  I  first
called attention to the importance of this pertu.rbation, in the third and
seventh  inferences  of  my  paper  on  the  'Hidal  rainfall  of  Philadelphia"
{a-rde  vol.  x.  p.  531),  and  showed  that  at  Philadelphia  it  was  more  im-
portant  than  the  direct  and  simple  tidal  energy.  This  modification,  like
the  foregoing,  is  also  traceable  in  all  my  previous  lunar  tables,  and  its
prominence in the San Francisco curves (on lines 1 and 5, 3 and 7, in diagram,
v^ and on lines 5, 3 and 7, in a, jS) is specially noticeable.

The  second  inference  in  the  paper  above  quoted,  that  the  tidal  rain-
fall  is,  "like  the  ocean  tides,  more  marked  in  low,  than  in  higli  lati-
tudes,"  is  illustrated  by  diagrams  ,?  and  ^7.  If  further  confirmation  is
desired,  it  may  be  found  in  the  tables  accompanying  my  previous  dis-
cussions of different European, Asiatic and American observations.

My  first  prediction,  that  "the  tidal  rainfall  will  generally  be  found
more strongly  marked on the western shores  of  the  several  continents,
than  in  the  same  latitudes  on  the  eastern  shores,"  is  confirmed  by  the
similarity'in  the  amounts  of  average  monthly  fiuctuation  at  San  Fran-
cisco  and  Lisbon,  and  the  smaller  fluctuation  at  Philadelphia  (p^  (J),
This diflerence should of course be greatly modified in the regions of the
monsoons, and reversed in the trade-wind regions.

My  third  prediction,  that  "a  certain  degree  of  apparent  opposition
will  be  found  to  exist  between  the  lunar  influence  upon  the  upper  and
lower cloud strata, dependent upon the normal difference of position in
the tidal crests of deep and shallow fluid envelopes," is partially verified
by the tendency to maxima at quadrature as well  as at  syzygy (2 and 6,
Oand4,  a  B  y).  The  syzygy  influence  before  new  moon  is  manifested
by  the  maximum  after  high  barometer  (7),  but  it  is  interrupted  by  the
lunar intensification of solar action at new moon. If  I  succeed in obtain-
ing such a record of tlie San Francisco winds as is necessary for the com-
plete  substantiation  of  the  second,  third  and  fourth  predictions,  I  shall
expect  to  find  that  the  maxima  at  3  and  6  are  dependent  upon  the
surface winds ;  those near and 4 upon the upper atmospheric  currents.

I  still  feel  some  doubt  with  regard  to  the  certainty  and  character  of
Jupiter's  influence  upon the  weather,  but  the  amount  of  agreement  be-
tween the curves for three independent j)eriods of eight, seven and eight
years (C), the resemblance between the curves at Lisbon and at San Fran-
cisco  (jf),  when the origin  of  the  ordinates  is  taken at  opposition in  one
case  and  at  conjunction  in  the  other,  and  the  character  of  the  contrast
between the lunar  and Jovian curves  at  Lisbon {ante,  p.  181),  all  tend to
impress  me  witli  the  belief,  that  at  least  one  of  the  primary  planets  is



i.Kir ^^^'lO

iili

<

l«IIN!i

lillNlil

ii..
Nil

liiiiili

III

1

/

Cliase.J 528 [July 19,

the source cff impoi-taixt meteoralogBcal pertm-bations. I shall not be sur-
prised  if  the  Barbados  records,  wiieii  I  receive  them^  furnish  data  for
settling the question definitely in the affirmative.  I  can tliink of  no more
probable  ruason  for  the  oppositioia  between  the  Jovian  curves  at  San
Francisco and Lisbon, than the opposite directions of the o^ean currents
near the two coasts.

The  local  disturbances  are  oviderxtly  greater  at  San  Francisco  than at
Lisbon, but in spite of them all the two sets of lunar curves at the former
station, (f, -^0 7 each set covering three entirely distinct and independent
periods,  exliibit  striking points  of  similarity,,  and their  dilferences are no
greater  than  migh^^  have  reasonably  been  anticipated,  in  view  of  the
variations  in  the  solar  curves  (s^  /y,).  The  same  may  be  said  of  the
monthly  curves  of  heavy  rainfall  (^M and  of  frequency  of  rain  (^)  in  dif-
ferent periods.

Interesting  s:pecial  resemblances  at  different  stations  ax-e  shown  at
Greenwich  and  Philadelphia,,  in  Fig.  4,  ante.  vol.  x.,  p,  535  ;  at  Philadel-
phia,  Lisbon and San Francisco,  in:  all  the Innar  curves  on p,  183 and in
the  average  annual  rainfall  at  Philadelphia  on  p.  181  (Table  IV.)  of  the
present volume, as well as in the accompanying curve which depicts the
frequency of rain at San Franciscc from 1849 to 1857 (■/"), continuous line, )^'
The  maxima  in  my  Pliiladelphia  annual  curve  are  somewhat  more
strongly  marked  than  those  in  Sehott's  diagram  (PI.  IIL,  Tables  and  re-1»^.tUs'  of  tlie  precipitation ^'c,  in  the IT.  S.)r  on account  of  the different
methods employed in com^puting the oa*dinates. Sehott'swere calculated
from the njonthly means (op^ cit. j). 124), mine from means which cover
only  ^^  of  a  year,  and  therefore  show  the  characteristic  features  of  the
curve  more  minutely,  besides  being  better  suited  for  comparison  with
the  thirty  ordinates  of  the  lunar  curve.  My  anticipations  (.Tour,  of  the
Franklin  Inst.,  Ixiii,  205)  that  the  Saw  Francisco  ''daily  records  may
probably funsish materials for mere minute and detailed profitable inves-
fcigatiooi,"  having  been  thus  satisfactorily  realized,  I  now  await  the  ar-
rival  of  the  Barbados  records,  with  the  expectation that  their  discussion
will  exliibifc  evidences  of  lunar,  an^  possibly  of  planetary  action^  analo-
gous to those which I have found at other stations, but still mere promi-

nent and more decisive than any that have ever hitherto been pRblished,
If there are any observations, extending over a long series of years, n-car
the Grulf of Fonsecu or on the Southwestern coast of Peru, I think th^ey
will  furnish indications  of  the  si>ecial  importance of  the  lunar  aetioo on
the baromctvic pressure, similar to those which I bav>£ found at Philadel-
phia,  but  that  such  indications  will  be  more  marked  on  the  Peruvian
froast, than on either coast of Korth America.

*Iii(lieation:s of a g^eiieral maxhmim nei^r-fuU n"ioon, with a dim-inMion art the- preGise time of
HOhtr opporiidioiu aie to 1> ̂found in the majority of the- curves wMcU I liave computed.
They afford, as I think, furtlier conflrmatiou of my third prod"M-tion, The surfuoo tidal cur-
rents ]iavn thou- greatest Eastward volocity, and tlm upper atmosphere has its g'roateat
Westward lagsiny-,- when the vSuii is on the upper and the moon ou the lower meridian. The
blending- of currents is tliorefore poculhu;ly favorahlc for the preeipitatiou of moisture, but tlie
intense meridia-nf heut appears to partially couatera/ct the'precipitatiou by rc-e'^apo'rajtian.

^
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Exr'i>AisrAT50Ns OP Diagrams.

Tlie  average  rainfall  in  each  figure  is  represented  by  tke  broken  hori-
zontal  line.  The lunar curves begin and end with the day of  new moon ;
the solar curves with JaBtsary 1st ;.  the Jupiter eurves, at conjunction for

San Francisero, at opposition for Lisbon,
cycle into octants.-  All  the curves are for
grams o and r^.

The  vertical  lines  divide  each
San Francisco^  except  iai  dia-

A„ P. S.' -VOL. XTT. — So-
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Diagrams  of  rain  in  lunar  months.

a. Heavy  rainfall.  Table  IV.
Average  rainfall.  Tables  I,  II.
Frequency  of  rain.  Table  IV.
Average rain at Lisbon ; continnous line,

"  Philadelijliia  ;  broken  line.
Surrey, Eng. ; dotted line.

u
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i

0. /

i
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Heavy  rains,  Table  IV.
**  1849-57  ;  continuous  line,
*'  1857-64;  broken  line.
*'  1864-72;  dotted  line.

Average  rains.  Table  I.
Nov.~Dec. ; continuous line,
Jan.-Feb.  ;  broken  line.
Mar.-Oct. ; dotted line.

Frequency  of  rains.  Table  IV.
1849-57 ; continuous line.
1857-64 ; broken line.
1864-72 ; dotted line.

Average  rains.  Table  II.
1849-57 ; continuous line.
1857-64 ; broken line.
1864-72 ; dotted line.

JJiagrarfhs  of  annual  ram
Table I.

1849, '52, '55, &c.; continuous line.
1850, '53, '56, &c.; broken line.
1851, '54, '57, &c.; dotted line.

Table II.
1849-57 ; continuous line.
1857-64 ; broken line.
1861^72 ; dotted line.

'Si
fi

BainfaU  in  Synodic  years  of  Jupiter
Table III.

Nov.-Dec. ; continuous line.
Jan.-Feb.;  broken  line.
Mar.-Oct.;  dotted line.

Table III.
At San Francisco ;  continuous line.
*' Lisbon; broken line.
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SAN  FRANCISCO  KAINFALL.

Day. July Aug, Sop. Oct. Nov. Dec. Jan. Feb. Mar. ; Ai>r. May. June. Total

1
2
3
4
5
6
7
8
9

10
n
12
13
li
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

1.35
.37

1.22
1.12
1.27^

.671.27' 1.42

.48

.78

1.15

1.20

.33
1.21
.18
.10
.31
.06
.13

2.08
.66
.39

1.01
.45
.39
.05

1.28:

.06

.08

.13

.12:.32:

.16

.27

.17

.07

.95

.92

.52;.83'

48

.88

.55

.79

.28

.05

.81

.67^
.13

.77

1.10

34
.74

Sum 3.14 8.68 6.20, 8.34' 1.77! 4.53, 0.46' 33.10

Bay. July Aug! Sep.' Oct. ;Nov, Dec. Jan. Feb. Mar.

.10

.01

.15

.07

.08
.11
.18;.09
.22

26
,35

36

.02
,11

.47

.10

.04

.11

.02

.13

.05

.04

.12

.12

Apr. May. Junc.lTotal

.28

.18

.06

.42

.06

.13
.12

.23

.40

.08

.02

.03

.03

.22

.38

.22

.21

.12

.13
-06
.04

.58

.06

.03

Sum 0.33, 0.92: 1.05, 0.72, 0.541 1.94 1.231 0.67 7.40
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SAN  FRANCISCO  KAlX-FALL.

Bay. 'Tilly Any: Sep. , Oct Nov, Dec. Jan. Feb Mar. , Apr. May. June. Total
h^^j^ — »>

1
2
3

6
?
8
^9

10
11
12
13
14
15
16
17
18
19
20
21
22
-23
24
S5
26
27
28
29
30
31

.05

.01

.ao

.10

.02

.02

.04

.11

.02

.02

.08

.35

.20

.22

.14

.02

s20
I-.35;
.11.021

.y2

. 51 i

.16'

.02

.20

.07

.59;
1.22
.27
.20.32!
.16

.70
-.52
.121

1.06'

.01'

.03
:'2'S .03

-le
.33
..01
.12.

,68
.40
.04

.12

.01

.42

.55

.06

.01

.05

.91
1.10 1
.25:
.56
.48

1.26
.13

.07i
2.25'
.50
.20
.03
.13

.05

.43

.25
,02

.02

.02

.42

1.72

Sum' 0.04 0.23i 0.12: 2.28' 2.32; 3.88 8.04! 3.51 3.12, 0.02 0.08 23.64

Day. July Aug Sep.! Oct. Nov. Dec. : Jan. Feb. Mar. Apr. May. June. Totul

,01
.04

.18

.06
.22
.21

.02

.04

.-05
.20

1.26
.32.
.80
.15;.03'
.08^
.32
.29'
.1.7

09

.32

.10

.31!

.65^

.22'.32'

.02

,05
24
.22!

.54

.34

.16

.56

.10

.23

.03

.10

.20

.04

.03

rSl
.38
.17
.50

1.65
1.U5
.19
.10

.03

.05

.30
1.15

.16

.11

.251.29'

.52
1.85'

.10

.25

.75
,19
,06

.05

1.211.20'
Sura 0.01 0.15 2.41 0.34' 0.81i 3.67 4.77; 4.64 5.00 1.88 23.68
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SAN  FKANCI8C0  RAINFALL^
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Day, July! Aug Sep. Oct. Nov. Dec, Jan. Feb, : Mar. i April May. .Tune. Total

1
2
3
4
6
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

,02

,10
,07
.17i
.30j1.15;

'.23

,05

.38
1.05
1.04
.72

,03

.22

.05,.20

,20
-21
.13

,24
.38
.75
.10

.67

.32

.55

.10
1.14
.47

,03:
32

.21

.58
1.04
,17

H>

1.02

.12

.33

Sum

.02 .05
.10
.20
.23

.28

.08
,40

,62'

0.50| 1.60' 2.94! 0.76 0.03 21.66
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SAN  FRANCISCO  SAIN^rALL.

toCO

PI13t-1

00
to

1-1

^ ■ -^ ^ ^^
I  I  I  I  I  I  IDay. July Aug Sept Oct. ISToT. Dec. Jan. Feb. Mar. April May. June, Total

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

.02
.05
.07

.27

.74

.29

.05

.08

.39

.22

.56

1.02
.29

1.65
.18

79

.01

.48

.60

.08

.34

.03
1.06
.68

2.02
.23
.17
.70

1.25
.25

2.67
1.49
1.35:
3.50
2.46
1.25
0.22
.49

2.46
2.64
.52
.72

1.69
.55

1.00

,04

.04

.76

.55

.44
2.09
.80
.84
.33

1.49
.38
.33

.02

.01

.47

.57

.18

.25

.11

.12

.11

.13

.07

.01

.02

.56

.07

.20

.20

.09

.17

.01

.02

.12

.03

.11
05

.02
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SA]N" FRANCISCO RAIN-I'ALL.

Bay.; July: Aug; Sep.! Oct. 'Nov. Bee. .Tan. Feb Mar. April. May. June. Total

.33 .12

.03

.05

.07

.87

.92

.64

.39

.15

.05

.02

.27
.14

.91

.35

.23

.37

.52

.09

.37

.81

.03
,04
.89
.02

.06

.14

.09

.07

.18

.01

.10

.01

.11

■\

.56

.08

Sum 0.03 2,55 1,80, 1.83 1.521 , 1.57i 0.78 10.08

-

-
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Day. July Aug: Sept; Oct. Nov. Dec. TflTl Feb. Mar. Apr.
I

May. i.Tune.iTotii.i

24
25
26
27
28
29
30
31

.03
.07

.01

.01

.06

.18
,01

Sum,!

.04

.18

.37
.07

1.U3
.27
.06
.06'
.63

1.12

.08

.30
.19
.41

1.51
.40.46'
.60
.60'

.36

.16

.43

.19

.22

,16

.02

.21

.66

.30
04:

06

.15 .40

.04

.15

.25

.02

.23
2.17
.11

2-22
1.14
.15
.08
.31

,07
,47

,02
.21
.41.23 i

.36

.02

.11

.49
.12

.06

.22

1.05
.01
.05
.07

0.24 0.26 4.19! 0.58 10.88 2.12: 3.04; 0.12! 1.46 0.04! 22.9a

^ I
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00

oCO

00to

to
;^*
C3

I

iDay.■TulyAug

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

. 18
19
20
21
22
23
24
25
26
27
28
29
30
31

Sum

Sep. Oet. Nov. Dec. Jan. Feb. Mar. April ]May. June. Tot;il

.06

.08

.01 05 01

.30

.64

1,28
.53

.10

.01

.07

.08

.05

.65

0.15

.08

.11

.44

.30

.20

.82

.32
1.67
.15

.07

.18
1,20
.29
.47
.92

.18

.32

.10

.15
1 45
.19
.25
.20

' .15
.64

1,10
.25

.05

.08

.10
•14
.63
.55
.18
.48
.67

.28

.45

.69

.68

.09

.01

.10

.15

.02

.06

.02

I.

1.18 4.34 8.35; 5.90 3.141 2.19 0.08 0.02,' 21.35

(
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SAN FKANCISOO IIAINFAL.!^.

Day. J uly Aug Sep. Oct, Nov. Dec, Jan. ' Feb. Mar.

.01

.02

.16
.19

.03

.02

.18!
22'

.63
3,22
3.49
.62
.03
.32

3.48

.86

.17

.10

.18
2.35
.34
.11
.02
.02

.02

.06

.14

.01

April May. I Juno. Total

.14

.17

.50
.33
.89
.82
.21
.28

02. .09

.35
1.67
.13
.93

.15

.74
,23

1.04
.13

1.60

.11

.06

.33

.13
.10
.24
.29
.28
.02

.61

.44

.76

.41

.16

.90

05

36
,43
,08
,01

01

.02

.07

.04

.14

,16
,02

.03

.02

.11
Sum 0.03 0.11 3.72j 1B.74' 4.22: 6.97 1.641 1.10 0.10' 0.01 34.70

g'

ON  THE  DEN^riTION"  OF  META.LOPHODON.
Ey  Eda\^a.rd  J).  Cope.

' (Read before the American ridlosophical Society, Scptcinher 30, 1873.)
This  discovery  of  a  second  species  allied  to  Bathmodon,  Cope,  repre-

sented  by  more  complete  remains  of  dentition  than  that  on  which  that
enus was originally  established (./?..  radlam),  renders it  possible  to en-

large our knowledge of its characters.
It  may  be  premised  that  tlxe  new  species  may  belong  to  the  group

LoxolophodoTiy and, as its characters diil'er from those of the large species
Eolxmleus  rornutufi,  furcatus  and  pre.<ts'lcorni,%  I  must  retain  the  last
named  genus  with  characters  ascribed  in  my  last  paper  to  the  former,
and  withdraw  the  species  from  the  former,  to  which  I  at  that  time  re-
ferred  them.  It  appears  that  this  name,  used  first  for  a  section  of
Bathj}todoii,  was,  perhaps,  based  on  mandibular  teeth  alone,  which  in
Metalophodon, differ remarkably from the maxillaries. The cranium of the
new  species  to  be  described  was  so  decayed  as  to  be  irrecoverable,  but
the  teeth  oblaincd  were  in  place,  and  in  close  proximity,  so  that  there
can be no reasonable doubt that they belong to the same animal.

I1ie  species  diifer  coiisiderably  from  the  B.-radiaiu.  The  most  promi-
nent  are  :  first,  the  failure  of  the  lateral  or  straight  limbs  of  the

3\
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