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In 1986, thirty litterfall traps in each  stand  were set in a rectangular grid with  trap  centres 4 m apart 
(Figure 1). Wooden  frame  traps, 1 m2 long,  were constructed from 1 x 4 inch  lumber.  The  bottoms were covered 
with 1 0-mil plastic that  was  punctured  with 4-mm drain hoies. All traps  were placed horizontally and then staked 
into position (Figure 1). The  rectangular  sampling  area  coverec! 480 m2, including the traps  and  area 
surrounding  each  trap. In 1987,  the total number of traps  per  stand was decreased to 24  and  the  sampling  area 
in each  stand was reduced  to 384 m2. 

Stsphen D. Waker 

FIGURE 1. (a) Layout of litterfall traps in a stand on the TFL 5 study  area. (b) View  of a litterfall trap on a steep 

2 
slope. 
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TABLE 1. Stand and  site  characteristics (mean and  sample  size) of four  even-aged  stands  on the TFL 5 study 
area north of Quesnel, B.C. 

Stand  type 
Characteristic Immature Young-mature Low volume High volume 

over-mature  over-mature 

Age  (years) 

Gross  volume 
(m3ha)b 

Gross  merchantable 
volume (m3ha)c 

Dbh  (cm) 
Height  (rn) 
Crown  depth  (m) 

Mean crown 
completeness  (%) 

Stern  density (no./ha) 
Site  index  ratingd 

Slope (%) 

Aspect (") 
Moisture  regimee 
Elevation  (rn) 

60 (33)a 

171  (235) 

6896 
medium 

55 
248 

submesic-subxeric 

675 

87 (25) 

265  (1  09) 

144  (22) 

12  (109) 

3 (25) 
75  (120) 

14  (25) 

2834 
poor 

50 
248 

submesic-subxeric 

600 

198 (10) 

472  (42) 

456  (36) 

27  (42) 
17  (10) 

5(11) 
73 (1 2 0 )  

896 
medium 

67 
248 

submesic-subxeric 

610 

174  (9) 

1059  (28) 

1042  (21) 

737 
good 

10 
200 

mesic 

660 

a Mean  (sample  size). 
b Gross  volume:  includes  all  trees  with  a  minimum 4 cm  dbh and  a 30 cm stump  height. 
c Gross  merchantable  volume:  includes  all  trees  with 17.5 cm dbh and 4 cm diameter  tops.  Stump  height = 30 cm. No decay,  waste  and 

d Taken  from  forest  polygons  on 1:lO 000 forest  cover  map  compiled  by limberline for  Weldwood Ltd..  Quesnel, B.C. 
e Based on SBSI subzone  biogeoclimatic  classification (SBSmh in updated  classification). 

breakage. 

The high volume  over-mature  stand  growing  on a silty,  gently  sloped  mesic  site produced greater  quantities 
of lichen litter than the low  volume  over-mature  stand  located  on  the  steep,  moisture-deficient  slope in 1987/88 
and 1988/89 (Figure 4). The  mean  Douglas-fir litterfall rates in the  two over-mature stands  were  similar in both 
years (Figure 5). 

During the litterfall collection  period,  the  airport  recorded 20 windy  days in 1986/87, 17 windy  days in 
1987/88, and 30 windy  days in 1988/89. The  average wind speed  for  each  winter  was 6.8 knots in 1986/87 and 
1987/88, but 9.1 knots in 1988/89. Also, the number of hourly  recordings  per wind speed class were similar  for 
the first two winters,  but  more  readings  occurred in the  stronger  classes in 1988/89 (Table 2). 

Wind  or snow  may  cause  significant litterfalls. On windy  days in 1986/87, minimum  temperature  ranged 
between 2 to -9"C, except  on  January 15 when it dropped to -14°C. This  coincided  with  the  heaviest  snowfall 
(7 cm). In 1987/88, temperatures  ranged  between 0 and -8"C, except  on  January 29 when the  minimum 
temperature was -25°C. Again,  the  heaviest  snowfall (1 0.4 cm) fell on  the  same  day.  February 14,1988, was  the 
only  other  day  where a snowfall  exceeded 4 cm,  and  it  was a windy  day.  In 1988/89, minimum  temperatures 
ranged between 6 and -32°C. On  January 30, a cold front (-19 to -32°C) accompanied by strong  winds (>16 
knots) persisted until February 3. December 28 and  February 27 were the  only other windy  days  accompanied 
by significant  snowfall in 1988/89. In total,  there  were 1,  2 and 3 cold, snowy, windy  days in 1986/87, 1987/88 
and 1988/89, respectively. 
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FIGURE 3. Douglas-fir litterfall rates  within  each  stand:  immature (60 yr), young-mature (87 yr) and low  volume 
over-mature (198 yr)  (confidence  limits = .95,  n = 30 sub-samples in 1986/87, and  n = 24 sub- 
samples in 1987/88  and 1988/89), on TFL 5, Quesnel, B.C. 
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TABLE  2.  Wind  data  collected at the  airport in Quesnel, B.C. 

Average  Class (knots). Total 
Year wind speed number of 

(knots) 0-5  6-1 0 11-15  16-20  21 -25 samples 

I 9awa7 6.8 237 149  113 22 2 523 

1 g a m 8  6.8 21 2 1 3 3  100 17  3  465 

1988/89 9.1  222 206 271 85 10  794 

a Samples  taken every hour on every day where wind  speed  exceeded 16 knots at least once during the day. 

Discussion 

The arboreal lichen litterfall rates  we  found  (2-20 kg/ha per  month)  are  comparable to those in other 
studies in mixed  Douglas-fir  stands in B.C. Rochelle  (1980) reported between 22 and  27  kg/ha per month  for 
BryoridAlectoriaspp. of lichen litterfall in mixed  Douglas-fir  stands during the  winter on Vancouver  Island,  while 
Stevenson  and  Rochelle  (1984)  recorded .33-25.2 kg/ha per  month in similar  stands.  Edwards et a/. (1 960) 
calculated 36 kg/ha per winter of Alectoria  spp.  available  on fallen trees,  and  found  20.4  kg/ha  per  winter of 
unattached  lichens on the  ground in Wells  Gray  Park, B.C. The  average  lichen litterfall rate  would  be  about 
11 kg/ha per  month based on a  5-month  winter.  Stevenson  (1986)  quoted  9 kg/ha per  month (1 06  kg/ha  per 
year) from a  Vancouver  Island  study (W. Kale,  unpublished  data). 

Douglas-fir litterfall rates in different-aged  stands  ranged  between  1.28  and  33.47 kg/ha  per month. 
Rochelle  (1980)  found  that  the  conifer litterfall rate  varied  between  0.6  and  4.2  kg/ha  per  month in coastal 
Douglas-fir. Grier and  Logan  (1977)  found litterfall rates  of  green  foliage  between 0.4 and 4.2 kg/ha  per month in 
Douglas-fir oldgrowth stands in Western  Oregon. 

The  amount of litterfall we  recorded varied greatly  among  years.  Daily  weather  data  recorded at  Quesnel 
airport, then summarized  for  each  study period, could  not  predict  the total amount  of winter  lichen  litterfall.  On- 
site, daily  weather and lichen  collections  need to be  made.  Douglas-fir litterfall is the  major food of mule  deer in 
deep  snow  conditions on  TFL 5. It is more  variable  among  years  than  lichen  litterfall,  particularly in the  young- 
mature and over-mature  stands.  Douglas-fir litterfall rates in these  stands  may  be  affected  by  winter  wind 
conditions.  The  winter of 1988/89,  which  produced  the  most  Douglas-fir  litterfall,  was  much  windier  than  the 
previous two winters  and had more  cold, snowy,  windy  days. Very cold  temperatures in conjunction  with  wind 
may  have caused major  litterfalls.  Frozen  twigs  and  branches  become brittle and  snap  easily  when  rubbed 
against  each  other. 

Lichen litterfall rates  increased  with  stand  age. In three  different  winters,  the  over-mature  stand  deposited 
more lichen th,an either  the  immature or young-mature  stands.  Stevenson  (1985)  cautiously  concluded  that 
arboreal lichen abundance is usually  great  only in Douglas-fir  stands  older than 100-1 50 years,  though  there 
are  instances of high  abundance in younger  stands.  Lang eta/. (1980)  found  that total lichen biomass  increased 
with stand  age of balsam  fir.  Older  stands may provide  microniches  more  favourable  for  lichen  growth  because 
of their structure  and  biomass,  which  affect  microclimate  and  number of attachment  sites  (Stevenson  1985). 

Stand  age is also  related to annual  lichen  turnover  rates.  Older  stands  lose  proportionally  more of their 
standing  biomass of lichen  every  year than younger  stands  do.  Examining  several  studies in the  literature, 
Stevenson  (1986)  reported 5-1 0% turnover in all  stands  except old growth (> 300  years),  where  the  turnover 
rate  was  15%. 

Stevenson  (1986), in summarizing  the  literature,  also  found  that  although  the  ranges  overlapped,  more 
total woody  litter fell in old-growth  Douglas-fir  stands (> 300  years)  than in young-growth  stands  (20-1 00 years). 
Grier (1988)  suggests  that  older  stands  are  more  prone to damage from  wind or snowstorms than younger 
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Trees  were  selected  and  aged in each of the two sites  according to the  following criteria. First,  sample  trees 
had to be within  the  stand, not on  an edge.  Second,  the  three  to  five  selected  trees  from  each  5 cm dbh  class  had 
to have  no  crown  overlap  with  other  trees  and had to  be  isolated,  especially from trees of a  different  size  class. 
Small  trees  were  removed from below the crowns of larger  sample  trees. In total,  51  trees  were  selected in the 
unlogged  site  and 20 trees in the  logged  site. 

The ground surface underthe crown of  each  sample tree  was  the litterfall plot  for  that  tree.  The radiusof the 
circular  plot  was  the  average  width of crown  measured from the  trunk to the  crown perimeter in the  four  cardinal 
directions. If the  tree  leaned  or  was  lopsided,  the  centre of the  crown  was  determined  by  visual  inspection,  then 
vertically  projected to the  ground.  This  point  was  marked  by  a  stake  and  used  as  the  plot  centre. 

The litterfall plots  were  raked  and  handpicked  to  remove all branches,  slash and litter on November  10, 
1988. This  date  marks  the  beginning of the  first period of green  Douglas-fir  and  lichen  litter  accumulation.  Litter 
was collected  four  times  throughout  the  winter on the  following  dates:  December 1, January 24, February 6, and 
April 10. Elapsed  time  for  each period of litter  accumulation  was  measured  from  the  end of the  most  recent 
snowfall up to the  collection day.  The fourth period of litter  accumulation  was  calculated  by  subtracting  the  days 
in which  litter  accumulated in the  other  collection periods, from  the total number of days in the  study.  The  snow 
was gone so all litter  was  collected. At  each collection,  the  perimeter of each  plot  was  outlined in the  snow  using 
the  previously  determined  radius. 

During  collection,  lichen  was  separated  into  two  types:  attached  and  unattached.  Attached  lichen fell 
attached to bark,  twigs or branches;  unattached  lichen fell independent  from  any  woody  material.  Green 
Douglas-fir  litter  was  divided  into two size  classes.  Branches  were  defined  as  greater  than  1 cm in diameter  on 
the  main  stem; twigs were  defined as  less  than 1 cm in diameter. In both  groups,  the  Douglas-fir litterfall was 
trimmed to include  only  stems with green  foliage  attached.  The  samples  were  frozen, then later  oven-dried  for 
24 hours  at  60°C.  Needles,  seeds  and  other  debris  were  removed from all lichen  samples  before  weighing.  Six 
samples  of lichen litterfall were  sent to Trevor  Goward  (Lichenologist) who identified them and  estimated  the 
abundance of each common species within each  sample. 

Records of daily wind speed,  daily  maximum  and  minimum  temperatures,  and  daily  snowfall  were  obtained 
from Williams  Lake  airport  located 6.0 km northeast of the  study  area  at  a  slightly  higher  elevation (940 m).  Wind 
speed  was  recorded at  least  hourly  with  an  anemometer.  Both  the  average  and  strongest  gust  were  recorded. A 
day  was  considered  windy if one  hourly  speed  (average  or  gust)  exceeded  16  knots  (Environment  Canada 
standard).  Detailed  profiles of windy  days  were  used to compare  overall  wind  conditions of each  collection 
period. The  hourly  recordings  per  windy  day  were  placed  into  5-knot  classes. 

Simple  linear  regression  was  used  to  examine  relationships  between litterfall quantity,  tree  age,  and  dbh. 
Each  collection period and  the  whole  winter  were  tested  separately  for  both  sites. Plots of residual  sums of 
squares  showed data to be fairly  normally  distributed,  although  variance  tended to increase with tree age. 
Trees  within  each  site  were  also  grouped  into  B.C.  Forest  Service  forest  cover  map  categories:  immature 
(1-60 yr)  (Class 1-3), young-mature (61-100 yr)  (Class  4-5),  silviculturally  mature  (101-140  yr)  (Class 6-7) 
and  over-mature (141 + yr)  (Class 8-9). Confidence  intervals  and  analysis of co-variance  were used to test  for 
differences in quantities of litter  produced  between  sites  and age  classes. 

Results 
Only  a  small  percentage of the  variance in attached  lichen,  unattached  lichen,  total  lichen  and  total 

Douglas-fir litterfall was  accounted  for  by  age or dbh in both  logged  and  unlogged  sites  (Appendices 6 and 7). 
However,  the  low  probability  level (p = .003) for total lichen  and  age on the  unlogged  site  indicates  a  strong 
linear  trend. Litterfall rates  were  also  compared in broad  age  categories. We found  that  significantly (p = .05) 
more  lichen litterfall accumulated  under  trees in the  unlogged  site  than in the  logged  site in three  different  age 
classes (1-60 yr, 61-100 yr, and 101-140 yr) (Figure 6). Figure 6 also  illustrates  greater  lichen litterfall in the 
two  older  age  classes (101-140 yr  and 141+ yr) than in the  two  younger  classes  (1-60  yr  and 61-100 yr)  within 
the unlogged  site.  However,  trees in the  silviculturally  mature  and  over-mature  classes did not  produce 
significantly  different (p = .05) amounts of lichen  litterfall.  These  observations  were confirmed with  analysis of 
co-variance.  Significantly  more  lichen litterfall was  produced  from  trees in the  unlogged  site  than in the  logged 
site (F = 33.03; p = .0001).  And,  the  increase in litterfall with  age (co-variate) was  also  significant (F = 12.81 ; p = 
.0006). 
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FIGURE 7. Mean  and 95% confidence  limits of Douglas-fir litterfall rates  from  individual  trees  within  each  age 
class in the  logged  and  unlogged  stands on Fox Mountain,  Williams  Lake, B.C. 

TABLE 3. Weather  data  collected  at  the  airport in Williams  Lake, B.C. 

Period of Mean min. Mean= Class (knots). Total 
accumulation temperature windspeed period 

number of 
(days) ("C) (knots) 0-5 6-10 11-15  16-20  21-25 26+ samples 

~ ~ ~~ 

1  21  -4.5  11.6 52 49 83 51 11 0 246 

2 8 -10.5  15.2 6 22 27 26  1 11 93 

3 7 -31.5  12.1 10 9  19 12 2 0 52 

4  114  -10.5  11.1  251  256 305 129 20 1 962 

~~ 

* Samples taken every  hour on every  day  where  windspeed  exceeded 16 knots at least once during the  day 

The  proportion of attached to unattached  lichen in each  collection period was 2.1 (n = 4; s = 1.4) times in the 
logged stand  and 2.7 (n = 4; s = t .O) in the  unlogged  stand.  These  proportions  remained  fairly  constant as tree 
age  and  diameter  increased. 
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Discussion 

We found no predictive  linear  relationships  between  tree  age or diameter  and  quantity  of  lichen  or  Douglas- 
fir Stterfall.  High  variability in the  data  probably  resulted  from  the  study  design.  The  wind  could  have  dispersed 
the litterfall beyond  the plot.  Tallertrees  may be affected  more  because  they  intercept  more  wind,  and  litter  has  a 
greater  distance to fall to the  ground.  Also,  plots  may  have  become  contaminated  with  litter  from  neighbouring 
trees.  Additionally,  while  we  were  collecting  samples,  we  noticed  that  a  large  amount of Douglas-fir fell just 
outside  the  plots  under  the  larger  trees.  Possibly  the tips of  the  exterior  branches of the  crowns of large  trees  are 
more  susceptible to wind pruning  than  the interior branches  are. We did not  notice  a  similar pattern of 
accumulation  under  younger  trees.  Finally,  younger  trees  over  a period of years  may  have  intercepted  lichen 
litterfall from  older  trees, in  turn dropping it as litterfall. 

Data  were  split in broad  age  classes to see if there  were any  significant  differences in litter  production. 
Similar to our  results  from TFL 5, trees  over  100  years  produced  significantly  more  lichen litterfall than younger 
age  classes.  Antifeau  (1987)  reported, in the 0-6 m forest  canopy  stratum,  more  lichen in stands over 100  years 
old than in younger  ones in the  Engelmann  spruce-subalpine  fir  zone in British Columbia.  Stevenson  (1985) 
also  concluded  that  lichens  are  generally  more  abundant in stands  100-1 50 years old because  the  older  stands 
have  more  favourable  microniches  and  better  microclimates  for  lichen  growth than do  younger  stands. 

There  was  significantly  less  lichen litterfall from  trees in the  logged  stand  than from those in the  unlogged 
stand. In Interior Douglas-fir  forests,  especially on warm aspects,  removal of large  trees  may  cause  the 
microclimate to become too dry  for  lichen  growth.  Schroeder (1 974)  states  that  the  occurrence of Alectoria spp. 
and Sfyoria spp.  may  be  limited  by  humidity in southeastern  British  Columbia.  Perhaps, Usnea spp.,  the 
common species on Fox Mountain,  are  also  moisture  limited. As well,  the  larger  trees  may  be  necessary  to 
“seed” the  younger  trees  with  lichen  thallus  fragments.  Stevenson  (1988) found lichen abundance in second 
growth to be  directly  related  to  distance  from  mature  timber,  and  to  suitability of the  stand  for  colonization. 
Colonization  drops off within 300-400 m of the  lichen  source. In our  study,  trees within the  logged  stand  are 
within 50-500 m of the  unlogged  stand. 

The  proportions of lichen litterfall attached  and  not  attached  to  wood  may  be  affected  by  forest  type,  site 
conditions  and  species  composition. We found  that  more  than  twice  as  much Usnea spp. fell attached  to  bark 
and  twigs than dropped  independently.  Pike  (1971)  found  that 55% of lichensfell attached to woody material in 
a  Garry  oak  forest.  However, on the  moister  TFL 5 study  area,  we  noticed  that Bryoria spp.,  the  most  common 
genus,  generally  dropped  independent of woody  material.  Arboreal  lichens  that fall attached  to  larger  pieces of 
woody material may be more  visible to foraging  deer.  Dead  branches,  common in the  lower  canopy,  provide 
good lichen attachment  sites.  Forest  practices  such  as  thinning,  which  promote  tree  growth  and  maintenance of 
existing  live  branches, may cause  a  reduction in attached  arboreal  lichen litterfall. 

Douglas-fir litterfall appears  episodic  rather than consistent  over  the  winter,  which  affects its availability to 
deer. During collection period 3, one  storm  characterized  by  very  rapid  temperature  decline  and  high  winds 
caused a  major  Douglas-fir litterfall. The  other  collection  periods  were  also  windy  but  not  extremely  cold. 
Similarly, on the  coast,  Rochelle  (1980)  found  that  the  amount  and  timing of litterfall was  associated  with  the 
occurrence of winter  storms,  especially  those  with  strong  winds  and  heavy  snowfall.  Grier  (1988)  also 
commented  on  the  episodic  nature of  canopy  damage  resulting  from  wind  pruning  and  breakage  during  high 
intensity  storms. 
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affect the litterfall rate.  Stevenson (1985) concluded that  the  microclimate and microniches  favourable  for 
arboreal lichen growth  are  more  abundant within older coastal Douglas-fir stands. Lang et a/. (1 980) found that 
lichen biomass in balsam-fir  forests is related to the number of dead  boles,  the  number of dead branches,  and 
tree height  as well as stand  age. 

Since  lichen is important in mule deer diet,  rehabilitation of logged  areas of winter  ranges may include 
methods to promote lichen growth.  Stevenson  (pers.  comm.,  Oct.  1990)  recommended  that  young  Douglas-fir 
stands be thinned by  girdling.  This would leave dead trees for lichen attachment.  She  also  suggested  seeding 
these stands  with  lichen  thallus parts because  dispersal  distance from large trees may be a limiting factor in 
lichen establishment.  Similar  treatments  could  be tried in interior Douglas-fir  stands  which  have been clearcut 
or partially cut.  However,  lichens  may  not  be  able to re-establish  immediately if the  microclimate  has been 
significantly  altered  by removal of the overstory. 

As part of an overall mule  deer-forestry  management  strategy,  Armleder et a/. (1986) describe a low 
volume partial cutting system for winter  range.  This  harvesting  system  incorporates  the following conclusions, 
based on our litterfall data and  the literature: 

1. Trees and stands  over  100  years old generally  supply  more litterfall forage than younger ones. 

2. A clumpy  arrangement of trees  should  promote  maximum  Douglas-fir litterfall as a result of crown 
contact. 

3. Removal of a high proportion of the  merchantable  trees may  disrupt  the  microclimate  necessary  for 

4. Uneven-aged  stand  management  leaves  residual  trees to provide  deer  with a continuous  source of 

arboreal  lichen  growth. 

litterfall and to inoculate  the  regeneration  with  lichen  fragments. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

RESEARCH  RECOMMENDATIONS 

Repeat  the litterfall study  using  even-aged  stands.  Each  age  class  and  site  should  be  replicated to improve 
the scope  and  statistical  validity of the  results. 

Establish a study in an uneven-aged forest  where plots are systematically placed on a grid. Each  plot 
should be characterized by  the  surrounding  trees,  which may contribute litter.  Multiple  regressions  could 
determine whether  number of stems,  biomass,  age of trees, basal  area,  etc.,  are influencing litterfall rates. 

Survey  the lichen abundance  and  species  composition in mature,  untouched  stands on various winter 
ranges. This would provide  some  baseline  data  for lichen rehabilitation  work on logged areas. 

Measure  the actual standing  conifer  foliage and lichen  biomass  that  are  potentially  available from various 
size trees, to determine how it increases  with  age  or  size. 

Survey a large  area of a winter  range  for  quantity of large  branch  and  tree  blowdown.  This may contribute 
substantially to litterfall forage. 

Experimentally "seed"  with  lichen  fragments in areas  where  the  mature  timber  was  logged to see  whether 
dispersal or  microclimate is limiting  lichen  production. 

Measure on-site weather  conditions  and  frequently  collect litterfall to describe  the  effect of weather  on  litter 
production accurately. 
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APPENDIX 4. Volume, by diameter  class, of the logged  and  unlogged  stands on Fox APPE 
Mountain,  Williams  Lake, B.C. 
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APPENDIX 5. Stem  density,  by  diameter  class, of the logged  and  unlogged  stands  on 
Fox Mountain,  Williams  Lake, B.C. 
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APPENDIX 8. Species  composition  and  abundance of arboreal  lichen in litterfall 
samples  collected  from  plots  beneath  trees of various ages on  the Fox 
Mountain  study  area  near  Williams  Lake, B.C. 

Tree number Age Dbh (cm) Type of sample  Species Percent of sample 

16  185 77 Unattached Usnea cavernosa 
Usnea fulvoreagens 
Usnea him 
Usnea spp. 

Usnea fulvoreagans 
Usnea hirta 
Usnea spp. 

35 218 76 Unattached Usnea cavernosa 

41  202 68 Unattached Usnea cavernosa 

28 67 31  Attached Usnea cavernosa 
Usnea spp. 
Btyoria  fuscescens 

Usnea fulvoreagens 
Usnea hirfa 
Usnea subfloridana 
Usnea spp. 
Bryoria  fuscescens 
Btyoria  lanestris 

Btyoria  fuscescens 

5 233 89 Attached Usnea Cavernosa 

49 60 17 Attached Usnea cavernosa 
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