A PRELIMINARY POLLEN ANALYSIS OF THE
MIAMI, FLORIDA, AREA

LinniaNy Beaman Fry,* CocoNuT (ROVE, FLA.

T IS the purpose of this paper to present some aerobiological data concerning

the Miami, Florida, area and contiguous regions. The data presented were
gathered over a two-year period extending from March 31, 1947 to March 31,
1949. This report should not be considered in any way complete for an area
with such a diverse native and exotic flora. However, an attempt has been
made to be selective of the material presented in order to make available repre-
sentative information which may be useful in academic and applied botany as
well as medical studies.

When the problem of conduecting an aerobiological survey, with particular
reference to pollens, was undertaken it hecame apparent that the reference
data upon which such a study is based were almost completely lacking for this
geographic area. These data consist of a hotanical field survey to determine pol-
linating periods, the organization of a reference colleetion of known pollens for
identification purposes, the tabulation of meteorological data, and finally the
correlation of air-load factors with this information.

Until the aegis of studies of pollens as etiologic agents in certain pathologic
reactions, the science of acrobiology in relation to pollens did not exist. Ray,’®
in 1693, made one of the ecarliest observations of the role of wind in the dis-
semination of pollen. He stated in his Historia Plantarum:

‘“When artificial pollination (of the date palm) cannot take place, the wind
may possibly answer the same purpose.”’

Apparently this phase of pollen study attracted little attention until the
thorough investigations of Sprengel,®® who conducted a complete study of flower
pollination in 1812. It is of historie interest in aerobiology that he noted
definite distinetions between anemophilous and entomophilous plants. He
correlated the type of flower parts, lack of nectar, lightness and shape of pollen
grains with their air-borne habit. Many ohservations of the presence of pollen
grains in the atmosphere were made from time to time, but no systematic study
of their incidence was undertaken until there was some need for quantitative
data. The study of ‘‘pollen disease,”” which developed into the hranch of
medicine known as allergy, presented this need.
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Durham,** referring to Blackley who began a study of the pollen content
of the air in Manchester, England, in 1866, wrote, ‘the first serious investigation
of pollen incidence was as premature as it was excellent.”’ Blackley’s work was
done long before there was general acceptance of the pollen theory of hay
fever, yet his first series of observations, completed in 1873, established pollens
as the cause of certain respiratory disorders.

Interest in further studies lagged, however, until some practical clinical
method was devised to counteract ‘‘pollen disease.”” Ragweed and grass sensi-
tizations were the first types of pollinosis to receive extensive study. These
investigations stimulated interest in other plants as possible allergens. It was
logical that the studies began with the strictly air-borne pollens.

Seheppegrell*® began exposing slides 1o obtain daily pollen counts in New
Orleans in 1916, and presented in 1921 one of the first comprehensive quantita-
tive reports. It was not until 1925, however, that similar studies were under-
taken in other parts of the United States. When the value of pollen counts
became evident there was a deluge of reports on local surveys. These surveys
were helpful but were so filled with ‘‘unknowns’’ because of the lack of field
studies that most of the botanists working in allergy placed slide counting
secondary to correlated field observations. Cooke® referred to the work of
Hodgson, botanist of the Department of Allergy at Roosevelt Hospital, New
York:

‘‘Hodgson, whose experience in pollen surveys and pollen counting extends
over a period of thirty years, maintains that daily field surveys give a more
aceurate idea of the different pollens encountered in a given area, and that
pollen counting should be used merely as a supplement to this.”’

As the studies of aerobiology in relation to pollen incidence advanced it
became increasingly evident that pollen analysis in any geographic area in-
volved investigations of: first, determination of pollen chronology; second,
the establishment of an identification eollection; and third, the compilation of
the various climatie factors connected with dispersion. This is particularly
true in southern Florida. This area, though part of eontinental United States,
is ecologically the northernmost extension of the West Indies.'* Therefore,
this region eonstitutes an area unique in the United States. Omne pollen survey
that has been published for the Miami area® was difficult to evaluate due to lack
of correlation with field studies or meteorologic data. Consequently, it became
obvious at the outset of this investigation that the organization of reference data
was necessary in order to derive any significant information useful in any of
the fields of botany or medicine concerned.

The first step was compilation of information on the pollinating periods of
representative flora. This was done by making frequent field observations and
illustrating these data graphically following the method of Hodgson (Fig. 1).
Inasmuch as the method of pollination of many of the plants in this area has
not been determined, no designation of this factor was made on the figure. In
establishing the chronology of pollens, the periods demonstrated represent the
duration of the flowering time of the plants involved. Slide counts of pollens
were not considered in this case.



'gq 93rd 995 POSN SIWBU UOWWOD JO ISI[ IO "BdLe TWBIN 24} Ul suofod Jo £3o1oucayd—1 ‘3
Dubplioy OlWBZ [
— ‘ds QudAL
©330)  DYIDIOYILL
ouoplibyy oway
——— -ds whpdxo]
oolpu) snpujsowd) —
IwogioR ©|owol
“05 0BOp)I0S
Suadaifoouag
q1yduo xfjog
o4 sauwlod] logog
owupog oiddny
—— 0103} oavoisidy
dont a
— ‘e “df snaianQ
ale— 95 Janiqopoafind
osno)y snud
snuLf ‘——
C vesfad
————
"% WhoIuDd—
opokqsaioa] 023020
DI DIVAN
ans) ol “I«
18uddpuin|
‘ds” osppbuow
m— 3 "EECXIET TIOENLLE
hiodisqut oAl
T USSRy Xall
‘4s sloyaoPl
o Djjo 1108 SIIqdIq
[Tt 170
[T} 15)
DIPJIAN $1q0§0II0)
033t snuoigqosday)
saplo1sdiquo
wnqie pod k]
$ Dulonb0) ol
j— = uolk42pp Dioudoh .
s xa|dily
- $iquadioy 0doIpuy|
— 1013043 [or
1ds pryiuoiou
—— woafaal oizzapiy I
s Wnyj§oldy
wnJidn) 190y
DN qa4 ~upp *33@ “AON 190 udag By fiop aunp [ <10y 0N *qyg _ *uof IELT] _ *AON 120 L\.. [5 ‘6ny Ang unp Aoy *1dy
6+61 8v61 L¥6)




FLY: POLLEN ANALYSIS OF MIAMI AREA 51

The second step was carried out concurrently with the field studies to
determine the chronology of pollinating periods. This consisted of collecting
pollens and preparing them for reference. The known pollens were defatted
and dehydrated with xylol then mounted in balsam. In this type of preparation
the grains appear unstained and unexpanded as they do when collected in the
field or on air exposure slides.

The third of these basie reference materials was the preparation of detailed
summaries of meteorologic data. These data were obtained from readings made
from standard constant recording instruments placed on the campuses of the
University of Miami. Wind direction and wind velocity figures were obtained
from the official summaries of the United States Weather Bureau station in
Miami. The computations are 24-hour averages based on 2-hour interval graphs
according to preferred statistical methods.3®

During the two years of this investigation a determination of the pollen air-
load was made. The method used was the standard technique approved by the
National Pollen Survey Committee of the American Academy of Allergy in
19465 This method standardized pollen count reports as the number of grains
per square centimeter of slide area. The counts were made from slides exposed
under the conditions specified and on an apparatus approved by the committee.
This method was followed whenever feasible. However, it was apparent at the
outset of this study that the standard procedures of aerobiologic analysis had
to be modified to meet the exigencies imposed by the physiographic and meteoro-
logie conditions of this region. Constant high humidity made it necessary to
use petroleum jelly on exposure slides rather than glycerin jelly. In order to
insure more accurate counts of a low air-load three slides were exposed at a
time.** The modifications were so made that the results could be eompared with
those obtained throughout the United States. It was found that only from
the middle of March to the first week in May was the total pollen air-load heavy
enough to make this type of count significant. Consequently, correlative data
were of necessity confined to a time period in which all the factors could be
demonstrated.

Since only during a two month period of each year was there a discernible
pollen incidence, several tentative explanations have been made to account for
the lack of air-borne pollens in an area which might be expected to maintain a
relatively heavy air-load. It was thought that the almost constant moderate
southeast winds directly from the Atlantic Ocean would ‘‘elear’ the air of
pollens by blowing air-borne particles inland. Another possibility investigated
was that the consistently high relative humidity would tend to keep normally
buoyant pollens close to their source.

In order to examine these possibilities a chart was prepared to illustrate
graphically the meteorologic factors involved (Fig. 2). The month of April,
1947, was chosen in order to correlate a total pollen air-load with these factors.
During this time period, Pinus caribeea (Caribbean pine) was pollinating and
thus afforded the opportunity to obtain a high enough count by standard
methods to be significant. Notations on the chart indicate daily averages for
the factors involved with the exception of rainfall for which weekly totals are
designated.
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The data obtained seem to indicate that wind veloeity and direction had
very little bearing on the maintenance of an air-load of a known anemophilous
pollen. The rather small variations in relative humidity, which did not go below
seventy-three per cent for the four week period, apparently did not affect the
buoyaney of the pollen. The only factor which was demonstrated to have any
bearing on diminishing the air-load was direct precipitation of rain. The possi-
bility of low pollen production for this selected time period is not aceeptable
since the total pollen count compares favorably with the figures obtained in
1948 and 1949 in this investigation and with the data presented by Nichol and

Durham in 193137
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Fig. 2.—Correlation of total pollen airload with either data (April, 1947).

With the exception of precipitation it was not demonstrated that meteoro-
logic factors affected the presence in the air of a pollen which is anemophilous
Therefore it was reasonable to assume that these
factors would not influence the incidence or, more accurately, the absence of
other pollens whose dispersion behavior may be modified by this environment.

in all its geographic range.

Since in the literature available there was found no precedent for determin-
ing the radial dispersion of pollens a method was devised to check the dispersion
of pollens at the source. In an attempt to determine the distance pollen was
carried from the plant or plants a radial transect was laid out.
in flower were selected. Using the center of the stand or the hole of a tree as a
hub, the radii were determined with a compass and extended with a metal tape.
On each radius exposure stands were placed at the desired intervals. Radial
transects are illustrated graphically in Figs. 3 and 4. This method is given
simply as a possible approach to some of the problems involved in an eecologic
investigation in subtropic Florida.

Isolated plants
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In order for the results of dispersion studies to have any validity, species
were selected which had exhibited deviations in pollinating habits which could
not be explained by their reaction to the atmospheric environment into which
their pollens were shed. Consequently, ragweed and ‘‘woman’s tongue’’ were
selected to demonstrate contrasting pollinating deviations.

Ragweed has been the classic wind-pollinated plant of medical and economie
significance. Ambrosia elatior, the short ragweed of allergy literature, grows
to a height of 6 feet or more in south Florida. Why this particular speecies
should display such phenomenal vegetative growth might be answered by
studies in anatomy,”” physiology, cytology, eecology,® and photoperiodism or
temperature, singly or interrelated.?® However, the most striking observations
in the modified behavior pattern are the dispersion of pollen and the length
of the pollinating period.

STATION NO. GRAINS
NUMBER ‘ ON SLIDE
1 22
2 5
3 b
4 0
5 18
6 3
7 0
8 0
9 19
10 1
11 0
| 13 17
1
— - i ;
!
16 0
17 18
18 1
\ 19 0
N 20 0
A
e Slide stations read
4 M quantitatively after 12-

hour exposure.
Transect set at 7 a.M.

Slide stations approxi-
mately 5 feet above
ground.

Wind direction south-
east, moderate.

Slide station indicated.

6
F‘ig.' 3.—Radial dispersion of Albizza lebbek pollen.

During the entire seven month pollinating period of Ambrosie elatior
(Fig. 1) in 1947, only 20 grains were counted on exposure slides. Nichol and
Durham? in 1929 found 61 grains. Correlated with this are reports of very
few proved clinical cases of ragweed pollinosis in this area.®> Field observations
on anthers indicated that mature pollen was produced in quantities comparable
to that produced in areas where ragweed has a significant air-load density. Yet
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pollen was not found on exposure slides in a ratio comparable to the expected
density. A radial transect was arranged around an isolated stand of ragweed
as illustrated in Fig. 4. The slide counts given are averages of five separate
readings. The conclusion, from even such a cursory study, would seem to be
that Ambrosia elatior, in the environment imposed by this region, could not
be regarded as a strictly anemophilous plant. Medical evidence bears out this
conclusion.®®> The reasons for this behavior have not been determined but the
dispersion problem has been approached.

OO0 OoOOLODOTOTOOCODIOOOTOOTODTDOO

Fig. 4—Radial dispersion of Awmbrosia elatior pollen.

As an example of eonverse behavior deviation, a radial dispersion study
of Albizzia lebbek (woman’s tongue) was made (Fig. 3). Albizzia belongs to
the order Rosales, family Mimosaceae. This order is considered to be primarily
insect pollinated, although the structure of the flowers of some of the Mimosaceae
suggest the possibility of transition to anemophily.®® In this area of Florida
there have been reports of proved clinical cases of sensitization to Albizzia
pollen.®> An examination of the data presented in Fig. 3 may suggest a possible
transition on the part of this species of Mimosaceae.

To recapitulate, Ambrosia, which is a notoriously heavy wind pollinator
and primary cause of pollinosis in other parts of the United States, demonstrated
what appeared to be a reversal in pollinating behavior. It has not been reported

feet

‘Plb
STATION NUMBER OF GRAINS
NUMBER | 10 A.m.|1 P.M. |4 P.M.
1 5 2
1
o\a\\ 2 3 1
3 2 0
4 0 0
5 0 0
6 2 0
7 0 0
8 0 0
9 0 0
10 0 0
11 1 0
12 1 0
13 0 ]
14 0 0
15 0 0
16 1 0
17 0 0
18 0 0
19 0 0
20 0 0
21 0 4]
22 1} 0
23 0 0
24 0 0
25 0 0
26 1 0
27 0 0
28 0 0
29 0 0
30 0 0
Wind direction southeast,
moderate
Slides approximately 2
above ground
Transect set at 7 A.M.
-
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fo produce important clinical sensitization in this area. Albizzia, on the other
hand, as a representative of an entomophilous family, apparently is transitional
in the direction of anemophily. The fact that Albizzia has been reported to
cause pollinosis in this area would indicate wind pollination under certain
circumstances.

It should not be considered that these limited studies on dispersal are
sufficient basis for any valid conelusions; but a comparison of these two examples
illustrates the necessity for adapting pollen analysis methods, in a particular
region, to significant environmental factors. The necessity of complete ecologic
studies becomes obvious when an examination is made of two instances of
behavior deviation.

The compilation of chronologie, meteorologie, and identification materials,
the influence of meteorologie factors on air-load of pollens, and a suggested
method of determining dispersion of pollens are presented as reference materials
and as suggestions for further investigation. This preliminary investigation
has hrought sharply into focus the neéessity of botanical field observations as a
foundation for aercbiologic studies with reference to pollens.

LIST OF COMMON NAMES OF PLANTS IN FIG. 1.

Acer rubrum—Red maple Myrica cerifera—Wax myrtle
Acrostichum——Strap ferm Ocotea catesbyana—Lancewood
Albizzia lebbek—Woman's tongue Panicum sp.—Witch grass

Amaraenthus spinosus—Spiny amaranth
Ambrosia elatior—Short ragweed
Andropogon halipensis—Bunch grass, broom

Persea americana—Avocado
Pinus caribbaea—=Slash, Caribbean pine
Pinus clausa—Sand pine

Atriz%lz:sssp.—Salt-bush Pithicolobium sp.—Cat’s-claw, black-bead
Capriola dactylon—Bermuda grass ] ree

Casuaring sp.—Australian pine Quercus sp.—Oaks .
Chenopodium album—Lamb’s quarters Eapanea guayanensis—Myrsine, marlberry
Chenopodium ambrosioides—Pig weed Roystonea regic—Royal palm
Chrysobalanus icaco—Cocoa plum Ruppia maritima—=Sea grass

Coccolobis uvifera—Sea grape Sabal palmetto—Cabbage palm

Cocos nucifera—Coconut palm Baliz amphibia——Florida willow
Conocarpus erecta—Buttonwood Serenoa repens—Saw palmetto

Dipholis salicifolia—Bustic
FEleocharis sp.—Spike rushes
Ilex cassine—Dahoon, yaupon
Iva imbricata—Marsh elder

Solidago sp.—Goldenrods
Tamala borbonii—Red bay
Tamarindas indica——Tamarind

Laguncularia racemosa—White mangrove Taxodium sp.—Cypress
Mangifera sp.—Mango Trema floridana—Florida Trema
Mariscus jamaicensis—Saw-grass Tricholaena rosea—Natal grass
Melaleuca leucodendron—Cajeput, bottle Typhe sp.—Cat-tail X
brush tree Zamia floridana—Coontie, Florida arrowroot
REFERENCES

1. Asanpa, J. J., and Sutaria, R. N.: A Cytological Study of Pollen Development in Carica
papaya, Linn. J. Indian Bot. Soc. 8: 4, 1929.

. Atwood, 8. S.: Controlled Self- and Cross-Pollination of Trifolium repens., J. Am. Soc.
Agron. 33: 6, 1941,

. Bailey, L. H., and E. Z.: Hortus Second, Macmillan Co., 1941,

. Benninghoff, W. 8.: Use of Trisodium Phosphate With Herbarium Material and Micro-
fossils in Peat, Science 106: 2753, 1947.

. Biourge, P.: Recherche Morphologique et Chimique sur le Grains de Pollen, Le Cellule
8: 47, 1892,

6. Brongniart’, A.: Nouvelle Recherche sur le Pollen et les Granules Spermatique des
Vegetaux, Ann. Seci. Nat. 15: 381, 1828.

7. Chabot, R., and Dundy, H. D.: The Causes of Hayfever Occurring Between Grass and
Ragweed Seasons, J. ALLErGY 15: 182, 1944.

8. Coca, A. F., Waltzer, M., and Tommen, A.: Asthma and Hayfever in Theory and Prac-
tise, Charles C Thomas, Springfield, 1931.

9. Cooke, R, A.: Allergy in Theory and Practise, W. B. Saunders Company, 1947.

D e DD



56

10.

31.
32.
33.
34.
35.

36,
37.

38.
39.

40.
41.
42,
43.

44,
45.

THE JOURNAL OF ALLERGY

Davis, John H., Jr.: The Ecology of the Vegetation and Topography of the S8and Keys
of Floylda. Papers from the Tortugas Laboratory, XXXIII. Reprinted from the
Carnegie Institution of Washington Pub. No. 524, 1942,

. Davis, John H., Jr.: The Natural Features of Florida. State of Fla. Dept. of Con-

servation, Geological Bulletin No. 25, 1943.

. Davis, John H., Jr.: Peat Deposits of Florida. State of Fla. Dept. of Conservation,

Geological Bulletin No. 30, 1946.

. Doak, C. C.: Multiple Male Cells in Cupressus arizonica. Bot. Gaz. 94: 1, 1932.

. Durham, O. C.,: Pollen Studies in Selected Areas, J. A. M. A. 104: 1486, 1935.

. Durham, O. C.: Air-Borne Fungus Spores as Allergens, Aerobiology. A. A. A. S., 1942.
. Durham, O. C.: Evaluation of the Ragweed Hayfever Resort Areas of North America,

J. ALLERGY 8: 175, 1937.

. Erdtman, G.: An Introduction to Pollen Analysis Technique. New Series of Plant

Science Books, Vol. 12, Chronica Botanica, 1943.

. Erdtman, G.: Pollen Morphology and Plant Taxonomy, VII, Svensk. Bot. Tid.,” Bd. 40,

H., 1946.

. Erdtman, G. and H.: The Improvement of Pollen Analysis Technique. Svensk. Bot. Tid.

27: 3, 1933.

. Gray, Asa: An Introduction to Structural and Systematic Botany and Vegetable

Physiology, ed. 5, N. Y., 1858, Ivison and Phinney.

. Gray, Asa: Structural Botany. Ivison, Blakeman, Taylor & Co., 1880.
. Greco, J. B., and Lima, A. O.: The Pollen Content of the Air in Rio de Janiero, Brazil,

J. ALLERGY 15: 138, 1944.

. Grubb, C. D., and Vaughn, W. T.: FEvidences of Group Specific and Species Speecific

Sensitization to Pollen, J. ArLErGcY 9: 211, 1938.

. Guillemin, A.: Recherches Microscopique sur le Pollen, Mem. Soc. Hist. Nat. Paris 2:

101, 1825.

. Jones, K. L.; Studies on Ambrosia, II. Effect of Certain Environmental Factors on

Floral Development of Ambrosia elatior, Bot. Gaz. 98: 296, 1936.

. Jones, K. L.: Studies on Ambrosia. IV, Effects of Short Photoperiod and Temperature

on Sex Expression, Am. J. Bot. 34: 7, 1947.

. Klein, R.: A New Method of Mounting FExpanding and Unexpanded Pollen Grains,

Bull. Am. Soe. Amateur Mier. 1: 11, 1941,

. Kurz, Herman: Florida Dunes and Scrub Vegetation and Geology, State of Fla. Dept.

of Conservation, Geological Bulletin No. 23, 1942,

. Locke, J. F.: Microsporogenesis and Cytokinesis in Asimina triloba, Bot. Gaz. 98:

155, 1936.

. Longley, A. E., and Clark, C. F.: Chromosome Behavior and Pollen Production in the

Potato, J. Agri. Research 41: 12, 1930.

Maheshwari, P., and Wulff, H. D.: Recent Advances in Microtechnique: I. Methods of
Studying the Development of the Male Gametophyte in Angiosperms, Stain Tech.
12: 2, 1937.

Mangin, Louis: Recherche Sur Le Pollen, Bull. Soc. Bot. France 33: 337, 1880,

Marie-Vietorin, Frére and Leon, Frére: Ttineraires Botanique Dans L’Ile De Cuba,
Pub. Institute Botanique de 1’Universite de Montreal, Premiere Serie, 1942,

Marie-Victorin, Frére, and Leon, Frére: Itineraires Botanique Dans L’Ile De Cuba,
Pub. Institute Botanique de 1’Universite de Montreal, Second Series, 1944,

Mayo, Nathan: Native Plant Life and Plant Immigrants of Florida, Dept. of Agri.
State of Fla. Supp. Bull. No. 16, 1938,

Moulton, F. R.: Aerobiology. Pub. A.A.A.S. No. 17, 1942,

Nichol, E. 8., and Durham, O. C.: A Pollen Survey of Miami, Florida, So. Med. J. 24:
11, 1931.

Paterson, D. D.: Statistical Technique in Agricultural Research, McGraw-Hill Book
Company, 1939.

Preliminary Report of the National Pollen Survey Committee of the American Academy
of Allergy on Proposed Standardization of Pollen Counting Techniques, J. ALLERGY
17: 3, 1946.

Prince, H.,E., and Secrest, P. G.: Immunologiec Relationships of Giant, Western, Common
Ragweed and Marsh Elder, J. ALLERGY 10: 537, 1939.

Proctor, B. E., and Parker, B. W.: Miecroorganisms in the Upper Air, Aerobiology, Pub.
AAAS, 1942,

Randolph, H., and MecNeil, M.: Pollen Studies in the Phoenix Area, J. ALLERGY 15:
125, 1944.

Reports of the U. S. Department of Commerce Weather Bureau. Monthly Climatological
Summaries for 1947, 1948, and 1949.

Rowe, A. H.: Special Report: Pine Pollen Allergy, J. ArLrracy 10: 377, 1939.

Scheppegrell, W.: The Seasons, Causes, and Geographical Distribution of Hay Fever
and Hay Fever Resorts in the United States, Public Health Reports 25: 2241, 1920.



46,
47,

48.

49,
50,

51, Stakman, E. C.: The Field of Extramural Aerobiology, Aerobiology, Pub. A.A.A.8., 1942,

52

58,
. Wodehouse, R. P.: Air-borne Pollens as Allergens, Aerobiology, Pub. A.A A8, 1942
60.
61,

62,
63.

FLY: POLLEN ANALYSIS OF MIAMI AREA 57

Seifriz, W.: The Plant Life of Cuba, Ecol. Monographs 13: 375, 1943,

Selling, 0. H.: Studies in Hawaiian Pollen Statisties. I. The Spores of the Hawaiian
Pteridophytes. Special Pub., No. 37, Bernice P. Bishop Museum, Honolulu, T. H.

Selling, O. H.: Studies in Hawaiian Pollen Statistics. II. The Pollens of the Hawaiian
Phanerogams, Special Pub., No. 38, Bernice P. Bishop Museum, Honolulu, T. H.

Sharp, L. W.: Introduction to Cytology, McGraw-Hill Book Company, 1934.

Small, John K.: Manual of Southeastern Flora, Privately Published, 1933.

Suita, N.: Studies on the Male Gametophyte of Angiosperms II, Cytologia, Fujii Jubilee
Volume, Page 920, 1937.

. Swamy, B. G. L.: Contributions to the Life History of a Cycas from Mysore (India),

Am. J. Bot. 135: 2, 1948.

. Swingle, Dean B.: A Textbook of Systematic Botany, ed. 3, McGraw-Hill Book Company,

1946.

. Watson, 8. H., and Kibler, C. 8.: Etiology of Hay Fever in Arizona and the Southwest,

J. A M. A. 78: 719, 1922,

. Weil, C, K.: Summer Hay Fever of Unknown Origin in the Southwest, J. ALLERGY 11:

361, 1940,

. Wilton, O. C., and Roberts, R. H.: Anatomical Structure of Stems in Relation to the

Production of Flowers, Bot. Gaz. 98: 45, 1936.
Wodehouse, R. P.: Pollen Grains, McGraw-Hill Book Company, 1935.

Wodehouse, R. P.: Personal communication, 1948.

Wolfenbarger, D. O.: Dispersion of Small Organisms, Distance Dispersion Rates of
Bacteria, Spores, Seeds, Pollen and Insects; Incidence Rates of Diseases and
Injuries, The Am. Mid. Nat. 35: 1, 1946.

Zivitz, Nelson M.: Personal communication.

Zobell, C. E.: Microorganisms in Marine Air, Aerobiology, Pub. A.A.A.8,, 1942,



