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The Periodicity of Spore Release from a Gonifer,
a Liverwort, and a Bracket Fungus

Field obsewations of pollen and spore release from plants are relatively rare. This
study represents a continuing attempt to gather this basic information from a variety
of native plants in the Pacific Northwest. The Krarner-Coliins samplers were set
up primarily to observe pollen release ftom Tsuga ar the actual soulce, but interesting
data wete also obtained from nearby sporulation of Ganoderma and the liverwort
Cephalozia. The samplers were set up for a 10-day period, but the seven days
presented in this paper represent the peak period of pollen release ltom Tsug,t.
Data are also mentioned from a similar experiment at a lower elevatioo. An attempt
was made to correlate the hourly fluctuations in spore release with temperature,
relative humidity, clo rd conditions, and precipitation.

Study Sites

This study was dofle between May 8 and 18, 1968, at the junction of Coal Creek
and Glacier Creek ( elevation ca. 3500 ft), Mt. Baker National Forest, \flhatcom
County, lfashington. The primary ca.nopy vegetation types in the atea wete Tsuga
heterophylla (Raf.) Sarg., Pierdorwga menzieii (Mi.tb.) Ftarco, Alnas rubra Bong,
ard SaLix rcouleriana Barr. At slightly higher elevations Abie: amabilit (DorgI.)
Forbes and Alnus si,nuata (Regel) Rydb. were also present. Cepbaloia med,ia Lindb.
was quite cornmoo on mossy logs in the vicinity. Basidiocarps of Ganotletma
appl"aral/z ( Pers. ex !flallr. ) Pat. were distibuted from ground level to 20-30 ft
high on standing dead Twga. At leasr 25 basidiocarps were noted wirhin a 50-ft
radius of the sampliog apparatus.

Additional experiments were caried out in the Lake Louise region of \flhatcom
County ( elevation cL 50O ft). Sa"mpling at this site was Aone ot Alnat rubra and
Tbwja plicata D. Doo..

Methods
Sampling was done with two Kramer-Collin5 5a.rnplers operated by 12-volt D.C.
storage batteries (Kramer and Pady, 1966). The samplers operate volumeuically,
sampling approximately 10 cu ft (228 liters) of air each hour taken in four equal
samples. Each sample is superirnposed on a single houdy band. The bands are
located on a silicone grease-coated glass slide which ultimately results in a slide
with 24 t'ands, one for each hour per day. The slides were changed at approximately
0700 hours PDT each day. Each sampler was placed rnder a pollen,shedding Traga
h,eterophylla uee at ground level in sampler 1 ard I mcter higher in sampler 2.
Sampler 1 was directly under a pollinating tree and at sampler 2 the male strobiii
were placed direcdy adjacent to the sampler io1et. A representative spore sample
of the houdy band was counted, and a corfection factor applied ro express rhe dari

Northwest Sciencg Vol. 45. No. 3, 1971 181



TEMP F_

R.H. % .....

in spores/cu ft/hour. Ternperature and relative humidity were taken with a Bendix
hygrothermograph located in a prorecrive box ar the sampling site. Notations on
precipitation aod cloud cover wefe taken ar rhe Glacier ranger starion locared 1.5
air miles from the sampling site. No data were available for wind speed and direction
at the sampling sire.

The pollen and spores collecred in the ai! were compared with materials collected
in he viciniry for positive ideotificnion. Voucher specimens for the plana studied
are deposited in the herbarium at lTesteln Vashington State C,ollege.
Results
Tsuga. At the Glacier Creek site well-defined peaks were noted on three days:
May 9, 10, and 11 (Fig. 1). These peal<s occurred only when the relative humidity
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FiSure 1- Houdvrenvironmental data and volumetric slore counrs from Ganoderma, Cephalozia

was at dre lowesr point for the day. The peaks in spore numbers came at 1200
hours on May 9 and 10 aod 1100 ho rrs on May 11 vrhen rhe relative humidity
was at 29, 26, er'd 43 percent, tespectively. An identical experiment cartied out oo
Alnu.s rubra ar'd Thuja plicata kt the Lake Louise area of li7hatcom County indicated
a very similar lmttern of releasg but in this cose the exact release time for eaclr
species was sorletimes several hours apart. Visual observations of Tsuga strobili
showed some pollen the morning of May 12, but a rainy period starting on rhe
pfevious nighr esseflrially terminated pollen release for the duration of, the observations.

Ebell and Schmidt (1959) smdied pollen release from Thuja pLicata, Ttuga
heterctphylla, and others. Usiog a nonvolumetric technique they found 90 percent
of all pollen released during the 0800-2200 hours with the maximum release period
occurring beween 1000 and 1600 hours. In addition they noted the peaks were
more closely related to each particular site rather than a characreristic pattern of
release for each species. This vadation in the daily afternoon peaks was rhoughr
to be an environmental reaction. Ogden, Hayes, and Raynor (1969) recorded pollen
release from Phleam, Zea, Ricinus, arfi" Ambrosia in cuftivated plots. They showed
that although rhe mean peak and duration of pollen release varied for each species,
the pollen-shedding period was generally during the hoiLus when relative humidity
was lowesr and wind speeds aod/or atmospheric iostability increased, except for
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Pbl"eum wl:ttch began releasing Follen during the night. Similar otrservations on
pollen release Ircm H*mulus lapulus L. were made by Brooks and Puri (1!6j)
and an Plantago lanceolara I. by Mathews (1965).

Visual otrservatioos of the male sffobili of all species studied indicated a probable
hygroscopic mechanism in wl.rich the microsporangia remain closed until drying con-
ditions prevailed. Biarichi, Schwemmin, and Vagner (1959) reported that dehiscence
and extension <.rf the anthers ln Atnbroia were induced by changes in tempemrure
and relative humidity that commor y occur in the field {ollowing sunrise. Ogdet,
Hayes, and Raynor (1969) noted that no relationship was found between temperarure
and pollen emission except as tempetarure causes changes in relative humidiry.

Cepbalozia, On May 8 there was a weak peak of 10 spores/cu ft at 2100 hours
when the relative humidity was 100 percent. The peak that occurred on May 9
was at 0800 hours with 100 percent relative humidiry iust pfior to a sudden drop
in relative humidity and a rise in temperarure. A minor peak also occurred at
O100 hou-ts May 10 of eight spores/cu ft two hours after the telative humidity reached
100 percent. Tvro additioqal peaks occrured ar 0900 hours and 2000 hours of 26
and 20 sporey'cu ft, respectively. These peaks again occurred when the temperafllre
and relative humidity were actively changin& specifically at a relative humidity of
85 and 88 percent. The data from May 12 were similar to May 11, showing peaks
at 0700 hours and 1900 hours of 28 and 45 spores/cu ft. These peaks occurred
at 100 and 68 percent relative humidiq' again when the tempefature and relative
humidity were rindergoing active charges. The rainy period which began on May 12
coincided with a termioation of any large numbers of Cephalozia spores in rhe atmos-
phere although a {ew spores were noted on May 13, 74, and 15.

Cephalozia bicutpida.ta, its mechanism of spofangium dehiscence, and reaction o{
elators to drying conditions vrere considered by ingold (1965). These data showed
tbat Cepbdlozia bicutpidata will only release its spores while rhe envifonmenral
conditions are actively changing. This apparent sensiriviry to environmental change
.results in two peaks per day, one in the mofniog and the other in the evening wheo
temperatufe and relative humidity are showing the greatest fluctuarion. The evening
peak is quite puzzling because in the laborarory the elators of these liverworts only
show their hygroscopic activity under drying conditions.

Ganoderma. May 8 through May 11 were relatively warm days with no precipi-
tation. The houdy maxima in spore numbers were quite similar for each of the
first four days during this period. The night of May 8 showed a major peak in
spore numbec of 12O spores/cu ft at 1900 hours wheo the relative humidity wes
90 percent; ano'ther rniror peak of 50 spores/cu ft occured ar 0300 hours on May !.
The spore numbers during the daytime remperature maximum and the low in relative
humidity during May 9 dedined ro none or a tlace as they did on the succeeding
two days when similar conditions ptevailed. The peaks on the night of May 9,10
were at 1800, 2100, and 0700 hours, and were 210, 160, and 98 spores/cu
ft when the relative humidity was 80, 98, and 100 percent, respectively. As
on the night of May 8-9 the early evening peak was the major one. The peaks in
spore numbers for May 10-11 fell into a similar lmttern with rhe major peak recorded
at 7 P.M. and minor peaks at 2300, 0t00, and 0700 hours. The afternoon of May 72
was the beginning af a '?"irLy period and showed a 3 P.M. peak of 98 spores/cu fr
vrhen the relative humidity was 48 percent; subsequent night peaks did develop,
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however, at 1900, 0200, and 0400 hours. May 12, 13, atd 14 were rainy and the
temperatlire and relative humidity were relatively constant. The spore numbels on
May 12-13 showed a teodetcy for a night peat bur were il1 defined. During May 13
there was a dip in the relative humidity t 140O-1600 hotus with a peak at 1700
hours of 72 spores/cu ft. The nighttime spole numbers on this night were relatively
uniform, not showing the eady-evening peok that seems !o be prominent when the
temperature and reiative humidiry fluctuate sharply during z 24-hov period. This
Imttern was re-established on May 14 tfuough May 28 as dry weather conditions
were re-established.

In snrdying spore release ar the soLuce, I{aali (1967 ) and Riley (1952) found
that a second early-morning peak is sometimes evidenr. These data showed a similar
second peak on May 8 rhrough 11, but it was ill defined. De Groor (1968), on
the other hand, found a single nighttime peak it Ganoderma spores when sampling
was carried out remote from the spore source. The data from his paper showed
an intermediate situation probably because of the extremely high number of Ganotl,erma
basidiocarps in the vicinity.

Discussion
The mechanism of pollen release from Tsuga heteropblla is apparently moisture
dependent. This dry weather release patern has been observed in many plant geoera.
These data shovr an identicel pattern of pollen releese in Thuja, Tsuga, tnd Aln*s,
The precise time of peak numbers in pollen grains varies from genus to genus and
also from site to site ( Ebell and Schmidt, 1959). Field observations of pollen
strobili of these genera have supported previous observatioos (Bianchi, Schwemmin,
and Sfagner, 19)9) that the microsporangium wall is hygroscopic and actually ejecrs
the pollen as rhe walls conrort under dryirg condirions.

Ingold (1959, 1965) ad others have studied the mechanisms of spore discharge
in the bryophytes, but these data are the first observations of spore release {rom a
liverworr under field conditions. Sitce Cepbalozia shovrs two peaks per day rather
thao orre as he author expected, more field observations of this liverwort aod other
bryophytes are in order.

Spore release and dispersal from the species of Fotnes and Gannderma have been
studied by Haard (1967), De Groot (1968), and Riley (1952). These observations
tend to support previous data on spote release and dispersal from these fungi. It is
interesting to compare rhe single nighttime peak as recorded by De Groot (i96g)
aod the double peak recorded by Haard (1967) and Riley (1952). Io the author,s
opinioo this is an intermediate sinration between the twq the former berng a measure-
merrt of atmospheric dispersal and the latter rhe patero of spore release at ahe source.
Summary
Two Kramer-Collins air samplers were placed in close proximiry to Tuga beterophltlla,
Cephalozia metlia, and, Ganod,erma dppl"nat ln for seven days. Houdy sampling
showed rhree distinctly different diurnal patterns in spore release. Under normal
dry weather conditions, Ganoclerma prodoceJ brond niglt peaL s. Tuga released polleo
during the eady afternoon hours when rhe relative humidity was at the 1o,west point.
Cepbalozia produced as many as two peaks per day, one in the early morning and
the other in t1-re early eveniog appfoximately 12 hours apart. Under intermittent
rainy conditions, Ganoderma spores were detected in a weak diurnal pattern; Cepba)ozi,t
and Tsuga were barely detectable.
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