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and  the  species  comparisons  reliable  as  the
years  of  data  accumulated.

In  1 983,  after  1 4  springs  of  recording  first-
flowering  dates  in  the  manner  described,  it
seemed   obvious   that   the   annual   observa-

tions were  beginning  to  yield  diminishing
returns  and  that  the  time  had  come  to  sum-

marize what  had  been  learned.  Accordingly,
the  authors  began  to  process  and  analyze
the  first  1 4  years  of  records,  and  the  results
of  the  analysis  are  presented  in  this  paper.

Lester  Ward,  in  his  important  early  flora
of   Washington   and   vicinity   published   in
1881,   included   observations   of   flowering
dates  for  1 22  species  of  native  and  natu-

ralized plants.  More  recently,  two  studies  of
spring  flowering  times  have  been  made  in
this   area.   Terrell   (1970)   produced   an   an-

notated list  of  spring-flowering  plants  of  the
Chesapeake   and   Ohio   (C&O)   Canal   with
general   flowering   information   on   342
species.   Thomas   (1963,   1965)   made   de-

tailed studies  of  286  species  flowering  on
Theodore   Roosevelt   Island  in   the   Potomac
River   at   Washington,   D.C.

The   Washington,   D.C,   area   lies   on   the
juncture   of   the   Piedmont   and   the   Coastal
Plain,   with  the  Piedmont  to  the  northwest
and  the  Coastal  Plain  to  the  southeast.  The
Piedmont   has   a   marked   intrusion   of   Ap-

palachian Mountain  and  northern  plants,
while  the  Coastal  Plain  area,  i.e.,  lower  Po-

tomac River,  is  rich  in  marsh  species
(Hitchcock   and   Standley   1919).

A  record  of  first-flowering  dates  provides
a  practical  guide  for  such  activities  as  teach-

ing, planning  fieldtrips,  and  collecting  re-
search materials  during  the  spring  season.

Such  a  list  serves  as  a  basis  for  determining
when  the  bulk  of  the  species  begins  to  bloom
in  the  spring  season  and  in  detecting  how
the  number  of  species  coming  into  flower
changes  through  the  course  of  the  season.
Other  aspects  of  spring  flowering  that  we
wished   to   examine   were   (1)   the   relation-

ships of  peaks  of  first  bloom  to  life-form
and  to  native  and  naturalized  vs.  cultivated
species,  (2)  the  patterns  of  year-to-year  vari-

ation in  first-flowering  dates  within  indi-
vidual species,  and  (3)  the  types  of  species

that  are  the  most  or  least  variable.

Methods

The  data  analyzed  here  are  dates  of  first-
flowering  or  anthesis  recorded  for  the  years
1970  through  1983  for  species  coming  into
bloom  between  January  1  st  and  June  1  st.  A
species  was  not  always  observed  in  its  initial
flowering  stage.  If  flowering  was  more  ad-

vanced when  first  observed,  then  the  ap-
proximate stage  of  flowering  (e.g.,  peak-

flowering,  late-flowering)  was  recorded.  Any
given  species  was  recorded  only  once  in  any
given  year.

"Date  of  first-flowering,"  as  used  in  this
study,   requires   explanation.   "Flowering"   is
taken  to  mean  the  stage  at  which  a  perfect
flower  or  a  male  flower  is  shedding  pollen
or   a   female   flower   is   receptive   to   pollen.
"First-flowering,"   literally,   would   be   the
moment  at  which  the  very  first  flower  begins
to  shed  pollen  or  display  receptive  stigmas.
A   "first-flowering   date,"   therefore,   would
be  the  date  for  a  given  species  within  the
study  area  on  which  the  first  flower  of  the
season  begins  to  shed  pollen  or  display  re-

ceptive stigmas.  The  study  also  includes
some  gymnosperms  and   other   non-flower-

ing plants.  The  date  of  "first-flowering"  for
these  species  is  the  date  when  spore-  or  pol-

len-shedding began.
Because,  for  a  region  as  large  as  the  D.C.

area,   it   is   impossible   in   virtually   all   cases
to  establish  this  date  on  an  absolute  basis,
in   actual   practice   "date   of   first-flowering"
becomes  the  date  on  which  a  species  is  first
observed  Xo  be  in  flower.  The  validity  of  the
concept   of   first-flowering   depends,   there-

fore, on  observing  the  species  as  early  as
possible  in  their  annual  flowering  cycles,  i.e.,
as  close  as  possible  to  the  absolute  dates  of
first-flowering.   In   this   study   most   of   the
species  (more  than  90  percent)  recorded  each
year  were  actually   observed  in   very  early,
though  not  necessarily  the  absolute  earliest,
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Stages   of   flowering.   Each   year,   however,
some  of  the  species  recorded  were  in  more
advanced  stages  of  flowering  when  first  ob-

served. For  the  purposes  of  this  paper,  we
ehminated   all   records   based   on   flowering
stages  beyond  what  was  deemed  to  be  the
peak-flowering   stage.   Ranges   of   first-flow-

ering dates  (earliest  and  latest  ever  record-
ed) and  averages  of  first-flowering  dates  were

computed  on  the  basis  of  all  the  remaining
dates,  including  some  that  were  recorded  for
species  that  had  already  reached  peak-flow-

ering by  the  time  that  they  were  observed.
All   observations   were   made   by   volun-

teers, and  the  species  recorded  each  year  are
the  ones  that  the  volunteers  happened  to
observe  in  first-  or  early-flowering  stage  in
the  given  year.  Because  it  was  an  entirely
informal,   voluntary   project,   there   was   no
systematic  effort  to  include  all   spring-flow-

ering species  or  even  the  same  set  of  species
every  year.  Thus,  while  many  species  were
recorded  year  after  year,  they  were  not  nec-

essarily recorded  from  the  same  localities
or  by  the  same  observers  every  year,  and
many  species  happened  to  be  recorded  only
once  during  the  entire  1 4-year  period.  Many
other   spring-flowering   species   never   hap-

pened to  be  reported  even  once  during  this
14-year   period.   This   was   particularly   true
of  grasses  and  sedges.  Altogether,  109  per-

sons contributed  one  or  more  observations
to  the  flowering  records  over  the  1 4  years.

All   observations   were   recorded  from  lo-
calities within  about  a  3  5 -mile  radius  of  the

center  of  the  District  of  Columbia.  The  lo-
calities are  plotted  on  Fig.  1  for  all  first-

flowering  records  of  native  and  naturalized
species  only.

From  the  outset,  first-flowering  dates  were
recorded  for   exotic   species   (e.g.,   hyacinth,
Hyacinthus   orientalis)   growing   under   cul-

tivation as  well  as  for  native  and  naturalized
species.  The  status  of  the  species,  whether
"cultivated"  or  "native  or  naturalized,"  was
coded  into  the  computer  record,  and  the  two
groups  of  records  were  analyzed  separately.
The  complete  list   of   the  native  and  natu-

ralized species  that  were  recorded  over  the
14-year   period   (397   spp.)   is   presented   in
Appendix  1,  and  the  list  of  cultivated  species
that  were  recorded  more  than  once  (40 1  spp.)
is  presented  in  Appendix  2.  In  these  appen-

dices, the  range  of  first-flowering  dates,  the
average  first-flowering  date,  and  the  number
of   observations   used   in   these   determina-

tions are  presented.
For  certain  native  and  naturalized  species,

some  of  the  flowering  dates  were  recorded
from  plants  being  cultivated  as  ornamentals
(e.g.,   as  shade  trees  or  as  wildflowers).   A
native  or  naturalized  species  was  treated  as
a  "cultivated"  species  and  analyzed  with  the
cultivated   group   only   when   all   recorded
dates  were  for  plants  growing  in  cultivation.
This   explains   why   a   few   locally   native   or
naturalized   species   appear   in   Appendix   2.
In  the  case  of  native  or  naturalized  plants,
therefore,  no  distinction  was  made  between
flowering   observations   from   the   wild   and
from  cultivation  when  both  kinds  of  obser-

vations had  been  made  for  the  same  species;
all  observations  were  treated  as  though  made
in  the  wild.  Native  and  naturalized  species
of  eastern  North  America  that  are  unknown
in  the  wild  from  the  local  area  of  this  study
automatically   were   treated   as   "cultivated"
species  and  appear  in  Appendix  2.

Except   for   the   inclusion   of   Appendix   2,
we  have  confined  our  analysis  in  this  paper
to   the   native   and  naturalized  species.   Be-

cause all  of  the  records  are  sight  records
without   preserved   specimen   vouchers,   the
cultivated  taxa,  in  particular,  present  major
taxonomic   and   nomenclatural   problems.
Many  were  not  identified  to  species  in  the
first  place,  while  in  other  cases  the  identi-

fications are  debatable.  With  cultivated
plants  there  also  is  the  problem  of  cultivars.
The  nomenclature  for  the  cultivated  plants
in  Appendix  2  follows  Hortus  Third  (Bailey
and  Bailey   1976),   as   far   as   possible.   Oth-

erwise, the  names  were  retained  as  recorded
by   the   observers,   and   the   validity   of   the
identifications  rests  on  the  authority  of  the
observers.  Varietal  names  are  retained  only
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Fig.  L  Map  of  recording  localities  of  spring-flowering  plants,  1970-1983.  The  number  of  records  from  each
locality  is  indicated  by  the  following  symbols:  Open  circle  =  1-10  records,  Half  circle  =  10-50  records.  Solid
circle  =  50  or  more  records.  Stippled  areas  are  locations  of  heavy  observation,  with  cited  localities  too  dense
to  map.

in  the  cases  where  more  than  one  variety
was  recorded  for  the  same  species.

For   the   native   and   naturalized   species,
the   taxonomic   circumscriptions   and   no-

menclature largely  follow  the  eighth  edition
of  Gray '5  Manual  of  Botany  (Femald  1 970).
In  some  cases,  the  more  recent  interpreta-

tions of  the  National  List  of  Scientific  Plant
Names   (United   States   Soil   Conservation
Service   1982)   were   adopted.   No   infraspe-

cific  names  were  retained  for  native  or  nat-
uralized species.

To  determine  whether  a  species  was  na-
tive or  naturalized  in  the  study  area,  we

consulted   Hermann's   (1946)   Checklist   of
Plants   in   the   Washington-Baltimore   Area
and   the   separate   Washington-Baltimore
Herbarium  in   the   U.S.   National   Herbarium
(US)   at   the   Smithsonian   Institution.   Any
records  for  species  not  previously  reported
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from  the  wild  in  the  study  area  were  dropped
from  the  database  because  of  their  doubtful
status.

Throughout  the  life  of  the  project,  Shetler
has  served  as  the  final  authority  for  iden-

tifications of  native  and  naturalized  species
when  there  has  been  any  doubt.  He  person-

ally identified  many  specimens  brought  in
by  observers  who  were  unable  to  name  them
and  corrected  or  verified  many  other  doubt-

ful determinations  made  by  unsure  observ-
ers. In  the  vast  majority  of  cases,  however,

the  observer  made  his  or  her  own  identifi-
cation, which  was  accepted  by  Shetler,  as

recorded,  unless  there  was  good  reason  for
questioning   the   identification.   Nonetheless,
Shetler   accepts   ultimate   responsibility   for
the   identifications,   taxonomic   interpreta-

tions, and  nomenclature  in  this  paper.
Computer   analysis   and   graphing   were

done   using   a   Honeywell   6680   mainframe,
Calcomp  105 1  Drum  Plotter,  and  a  custom
built   CPM   microcomputer   using   DBASE   II
software.

Results

The   records   include   observations   on
plants   from  95   different   plant   families,   al-

though 40%  of  the  records  are  for  species
of  the  following  eight  families:   Asteraceae,
Brassicaceae,   Ericaceae,   Fabaceae,   Lili-
aceae,   Ranunculaceae,   Rosaceae,   and   Vio-
laceae.

Figure  2  is  a  bar  graph  of  the  first-flow-
ering dates  of  all  the  individual  species  for

which  there  are  four  or  more  years  of  rec-
ords. The  species  are  arranged  chronologi-

cally in  order  of  their  average  first-flowering
dates.  The  computer-generated  bar  for  each
species  plots  the  first-flowering  dates  of  the
species  on  a  calendar  scale.  Dates  for  other
than  the  initial  flowering  stage  are  plotted
with  special  symbols,  as  defined  in  the  leg-
end.

Cumulative   numbers   of   species   coming
into  flower  by  a  given  date  are  graphed  ac-

cording to  certain  categories  (e.g.,  woody

plants)  in  Figs.  3  and  4.  These  graphs  were
generated  by  plotting  the  species  totals  in
one-week  intervals.  Each  point  on  a  partic-

ular graph  represents  the  sum  of  all  species
of  the  given  category  that  came  into  flower
over   the   whole   14-year   period   during  the
given  week.   A   weekly   rather   than  a   daily
interval   was  chosen  so   as   to   balance  out
year-to-year  variability  produced  by  the  ob-

vious weekend  peaks  in  date  recording.
The  top  curve  of   each  figure  cumulates

all   species,   regardless   of   category,   by   the
weekly  intervals  of  first-flowering.  The  oth-

er curves  represent  different  categories  of
species.  For  this  purpose,  the  species  were
classified  in  terms  of  life-form  (Fig.   3:   an-

nual, biennial,  perennial,  or  woody)  and  na-
tiveness  (Fig.  4).  This  information  was  gath-

ered primarily   from  Gray's  Manual   of
Botany   (Femald   1970)   and   the   Manual   of
Vascular   Plants   of   Northeastern   United
States   and   Adjacent   Canada   (Gleason   and
Cronquist   1963).

Discussion

The  regular  flowering  season  in  the  Wash-
ington area  begins  in  late  February  or  early

March.  Some  plant  species  flower  earlier  in
the  year,  however,  especially  when  there  are
mild  spells  in  the  weather  or  when  they  oc-

cur in  sheltered  places.  Figures  3  and  4  show
29  species  coming  into  flower  in  early  Jan-

uary over  the  14-year  period.  Because  the
recording  of   flowering  dates   did   not   start
until  January  1  st  of  each  year,  species  that
had  begun  to  flower  in  the  previous  autumn
and  had  remained  in  flower  through  the  new
year  often  were  recorded  as  beginning  to
flower  on  or  soon  after  January  1st.   Con-

sequently, the  initial  peak  of  first-flowering
in  January  is  an  artifact  of  the  method  of
data  collection.

The  species  that  appear  to  begin  flowering
in   January   and   February   are   primarily
widespread   weedy   introductions,   such   as
common   chickweed   (Stellaria   media),   dan-

delion (Taraxacum  officinale),  henbit  La-



STELLARIA  MEDIA
TARAXACUM  OFFICINALE
SYMPLOCARPUS  FOFTIDUS
ACER  SACCHARINUM
CARDAMINE  HIRSUTA
LAMIUM  AMPLEXICAULE
VERONICA  AGRESTIS
DRABA  VERNA
CORYLUS  AMERICANA
ALNUS  SERRULATA
ACER  RUBRUM
SENECIO  VULGARIS
TUSSILACO  FARFARA
PHLOX  SUBULATA
HEPATICA  AMERICANA
CLAYTONIA  V1RCINI.CA
VERONICA  HEDERAEFOLIA
ERIGENIA  BULBOSA
LAMIUM  PURPJRFUM
DUCHESNEA  INDICA
ERODIUM  CICUTARIUM
POA  ANNUA
VERONICA  ARVENSIS
DENTARIA  LACINIATA
SANGUINARIA  CANADENSIS
LINDERA  BENZOIN
CAPSELLA  BURSA-PASTORIS
GLECHOMA  HEDERACEA
VERONICA  PERSICA
SAXIFRAGA  VIRGINIENSIS
ERYTHRONIUM  AMERICANUM
MERTENSIA  VIRGINICA
DICENTRA  CUCULLARIA
VIOLA  PAPILIONACEA
ARABIS  LAEVIGATA
EPIGAEA  REPENS
ACER  NECUNDO
HOUSTONIA  CAFRULEA
AMELANCHIER  ARBOREA
UEFFERSONIA  DIPHYLLA
MUSCARl  BOTRYOIDES
DENTARIA  HETEROPHYLLA
RANUNCULUS  ABORTIVUS
POPULUS  DELTOIDES
VIOLA  KITAIBELIANA
TRILLIUM  SESSILE
CORYDALIS  FLAVULA
STELLARIA  PUBERA
ANEMONELLA  THAL I CTROI DES
TRIFOLIUM  REPENS
ARABIS  LYRATA
PHLOX  DIVARICATA
CARDAMINE  PENSVLVANICA
SASSAFRAS  ALBIDUM
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Fig.  2.     List  of  recorded  native  or  naturalized  species  with  line  graphs  of  actual  dates  of  first-flowering.  The
species  are  listed  in  order  of  flowering,  from  earliest  to  latest,  based  on  average  first-flowering  dates.



VOLUME  100,  NUMBER  4 999

SENECIO    AUREUS
OICENTRA   CANADENSIS
CERCIS    CANADENSIS
ACER   SACCHARUM
POA   CUSPIDATA
VIOLA   ERIOCARPA
QUERCUS   BOREAL  IS
RANUNCULUS    SEPTENTRIONAL  I S
BARBAREA    VULGARIS
ASARUM   CANADENSE
ZIZIA   AUREA
ERYTHRONIUM   ALBIDUM
BRASSICA   CAMPESTRIS
ALLIARIA   OFFICINALIS
ANTENNARIA   PLANTAGI NI FOL I  A
FRAGARIA    VIRGINIANA
VIOLA   AFFINIS
CARDAMINE   BULBOSA
ARABIDOPSIS    THALIANA
FLOERKEA   PROSERPI NACOI DES
VIOLA   STRIATA
ORNITHOGALUM   NUTANS
POTENTILLA   CANADENSIS
CHAEROPHYLLUM   PROCUMBENS
CAULOPHYLLUM   THAL I CTROI DES
SILENE    CAROLINIANA
ANEMONE    QUINQUFFOLIA
UVULARIA   SESSILIFOLIA
BETULA   NIGRA
PANAX    TRIFOLIUS
OBOLARIA   VIRGINICA
RANUNCULUS   BULBOSUS
AOUILEGIA   CANADENSIS
VIOLA   PEDATA
CORNUS    FLORIDA
GERANIUM   MACULATUM
LEPIDIUM   VIRGINIC'IM  .^
ARISAEMA   TRIPHYLLUM
ANTFNNARIA   NEODIOICA
ANTHOXANTHUM   ODORA^UM
SCLERANTHUS    ANNUUS
STAPHYLEA   TRIFOLlA
VACCINIUM   CORYMBOSUM
LIQUIDAMBAR    STYRACIFLUA
OSMORHIZA   CLAYTONl
VIBURNUM   PRUNIFOLIUM
OSMORHIZA   LONGISTYLIS
CERASTIUM   ARVENSE
ASIMINA   TRILOBA
VACCINIUM   VACULANS
SAL IX    NIGRA
MORUS   ALBA
QUERCUS   ALBA
QUERCUS   PHELLOS
RUMEX    ACETOSELLA
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LEUCOTHOE  RACEMOSA
LONICERA  JAPONICA
OXAlIS  VIOLACEA
HIERACIUM  VENOSUM
SISYRINCHIUM  SP
MELILOTUS  OFFICINALE
GAYLUSSACIA  BACCATA
JUGLANS  NIGRA
ILEX  OPACA

CTP  e — e B

PODOPHYLLUM  PELTATUM
PHACELIA  RANUNCULACEA
POTFNTILLA  SIMPLEX
CYPRIPEDIUM  ACAULE
POA  PRATENSIS
GALIUM  APARINE
DACTYLIS  GLOMERATA
RHODODENDRON  NJDIFLORUM
LEPIDIUM   CAMPESTRE   d—
ORNITHOGALUM  UMBELLATUM
PAULOWNIA  TOMENTOSA
KRIGIA  DANDELION
UVULARIA  PERFOLIATA
SEDUM  TERNATUM
VICIA  CAROLINIANA
ORCHIS  SPECTABlLlS
HYBANTHUS  CONCOLOR
CHRYSOGONUM  VIRGINIANUM
PLANTAGO  LANCEOLATA
ERIGERON   PHILADELPHICUS   a  bo—  •
PLANTAGO   VIRGINICA   ffl—  a  sa
TRIFOLiUM   PRATENSE   o  B99-B
VIOLA   PRIMULIFOLIA   a  b-b
PHACELIA   DUBIA   oa-o  a
CONOPHOLIS   AMERICANA   a  a   ma)   a   a
PRUNUS   SEROTINA   a  aaa     iMi  —  e-aa
VACCINIUM  STAMINFUM
RANUNCULUS  RECURVATUS
VICIA  ANGUSTIFOLIA
ROBINIA  PSEUDO-ACACIA
PINUS  VIRGINIANA
GOMANDRA  UMBELLATA
MAZUS  JAPONICUS
OROBANCHE  UNIFLORA
GERANIUM   CAROLINIANUM   a
LIRIODENDRON  TULIPIFERA                                                             a  ma  a  am  i^a  am
OXALIS   STRICTA   aa  b-h
TRIFOLIUM  HYBRIDUM
HYDROPHYLLUM  VIRGINIANUM
SMILACINA  RACEMOSA
SOLANUM  DULCAMARA
CHIONANTHUS   VIRGINICUS   a  aMma   i
TRADESCANTIA   VIRGINIANA   a  m  1
RUBUS   FLAGELLARIS   »-»a
SALVIA   LYRATA   a  a   m   a   a
HYPOXIS   HIRSUTA   a  aa   a

.1  I  !.,..'.,  III...  I  ■  I.  .III.  II.  I  II.  ill  .il|i""l
APRIL   MAY



VOLUME  100,  NUMBER  4 1001

e    i II      f

-CM
-CM

Jo^

-lO;CM
io
;CNJ

:— o

-lO

;10;(M
-CNJit<

iiJ

-CM
OCVJ>_

^^
o5



1002 PROCEEDINGS  OF  THE  BIOLOGICAL  SOCIETY  OF  WASHINGTON

(e86l.-0Z6l.)    SIS3H1NV  ISdld  Nl  S3l03dS  dO  HHaVMnN  HVlOi



VOLUME  100,  NUMBER  4 1003

(£861.-0/61.)    SIS3HiNV  iSdIJ  Nl  S3l03dS  dO  dBaiftinN  IVIOI



1004 PROCEEDINGS  OF  THE  BIOLOGICAL  SOCIETY  OF  WASHINGTON

mium   amplexicaule),   and   speedwell   (Ve-
ronica agrestis).  Ward  (1881)  and  Hitchcock

and  Standley  (1919)  noted  that  in  our  area
several   weedy   species   with   inconspicuous
flowers  bloom  quite  early  in  the  season  or
even  during  the   winter   months   when  the
weather  is  warm  or  when  they  are  growing
in  especially  sunny  or  protected  spots.  Pen-
found  (1956)   observed  that   Taraxacum  of-

ficinale flowers  discontinuously  throughout
the  year,  even  in  December  and  January.  It
is  obvious  that  some  of  our  weedy  species
bloom   in   December   as   well   as   January.
Variability  in  first-flowering  dates  of  weedy
species  is  discussed  in  more  detail  later.

Naturalized  exotic  species  make  up  two-
thirds  of  the  species  that  start  to  flower  be-

tween January  1st  and  mid-February.  The
number  of   naturalized  exotic   species  com-

ing into  flower  increases  gradually  through
the  course  of  the  season.  Looking  at  the  sea-

son as  a  whole,  exotic  species  account  for
approximately  25%  of  the  plants  observed.

Native  species  begin  to  bloom  in  late  Feb-
ruary. In  mid-  to  late  March,  the  number

of   native   plants   coming   into   bloom   in-
creases sharply.  This  rate  continues  to  in-

crease sharply  until  mid-  to  late  April  when
the  number  of  first-flowering  plants  reaches
a  peak.  The  level  then  drops  at  an  equally
sharp  rate  until  late  May  when  there  is  a
slight  resurgence  (Fig.  4).

Initially  we  thought  that  the  drop  in  first-
flowerings  in  late  May  was  caused  by  a  lack
of  sustained  interest  on  the  part  of  our  ob-

servers in  recording  first-flowering  dates  af-
ter the  initial  excitement  of  looking  for  spring

wildflowers   in   bloom.   However,   other   re-
searchers have  noted  a  similar  peak  and  fall

in  the  number  of  species  coming  into  bloom.
Anderson   and   Hubricht   (1940)   observed   a
drop  in  the  number  of  species  coming  into
bloom  after  the  April  peak.  They  attributed
this  peak  to  woodland  plants  whose  blooms
must  be  completed  by  the  time  the  leaves
of  the  canopy  trees  are  fully  expanded,  when
the  available   light   that   reaches   the   forest
floor  is  greatly  reduced.  This  same  reason-

ing was  used  by  Wolfe  et  al.  (1 949),  Jackson
(1966),   Taylor   (1974),   and   Heinrich   (1976)
to  explain  similar  spring  peaks  in  their  data.
Anderson   and   Hubricht   (1940)   noted   that
treeless   habitats   are   not   under   the   same
pressure  and  do  not  experience  a  spring  peak.
Rather,  the  number  of  plants  beginning  to
bloom  rises  slowly  to  reach  a  peak  in  mid-

summer. It  is  likely  that  the  slight  increase
in  the  number  of  plants  coming  into  flower
that  we  observed  in  late  May  can  be  attrib-

uted to  herbaceous  species  of  open  habitats,
such  as  field  bindweed  {Convolvulus  arven-
sis),   ox-eye   daisy   {Chrysanthemum   leucan-
themum),   yarrow   {Achillea   millefolium),
chicory   {Cichorium   intybus),   and   yellow
sweet   clover   {Melilotus   officinalis),   and   to
late-blooming   woody   species.

To  analyze  the  controlling  factors  in  flow-
ering peaks,  the  species  observed  were  di-

vided into  categories  by  life-form.  This
showed   that   woody   plants   accounted   for
31%   of   the   records.   Sporadic   blooming   of
woody   plants   has   been   recorded   prior   to
mid-February.   This   was   observed   in   silver
maple   {Acer   saccharinum),   common   alder
{Alnus   serrulata),   and   American   elm   (Ul-
mus  americana).  The  early  blooming  o^Acer
and  Ulmus  in  our  area  was  also  noted  by
Hitchcock   and   Standley   (1919).   Generally,
however,  the  woody  plants  in  the  D.C.  re-

gion start  their  blooming  period  in  late  Feb-
ruary. Flowering  remains  at  a  low  level  until

late   March,   when   the   number   of   species
coming   into   flower   begins   to   climb.   The
number  continues  to  climb  steadily  until   it
reaches  a   peak  in   late   April.   It   then  falls
slightly   and   remains   at   a   constant   level
through  June  1  st  (Fig.  3).

The   peak   in   blooming   of   woody   plants
can  be  partially  explained  by  the  fact  that
many  of  the  woody  plants  studied  are  wind-
pollinated.  It  is  most  advantageous  for  wind-
pollination   to   occur   before   trees   leaf   out
completely   and   their   leaves   impede   air
movement.   This   rationale   has   been   pro-

posed by  Heinrich  (1976)  and  Whitehead
(1969).  Our  data  tend  to  support  this  prop-
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osition.   Most  of   the  wind-pollinated  woody
species,  e.g.,  oaks  (Quercus  spp.),  hazelnuts
(Corylus   spp.),   river   birch   (Betula   nigra),
common   alder   {Alnus   serrulata),   American
beech   (Fagus   grandifolia),   American   elm
(Ulmus   americana),   and   white   ash   (Fraxi-
nus  americana)  begin  to  bloom  before  April
20   on   the   average.   However,   some   wind-
pollinated   trees   were   observed   to   begin
blooming   after   May   1st   on   the   average.
These  are  paper-mulberry  {Broussonetia  pa-
pyrifera),   hickories   (Carya   spp.),   black   wal-

nut (Juglans  nigra),  and  osage-orange  (Ma-
dura pomifera).  Most  of  the  woody  species

that  were  observed  beginning  to  bloom  after
May  1st  on  the  average  are  not  wind-pol-

linated, e.g.,  multiflora  rose  (Rosa  multi-
flora),   Japanese   honeysuckle   (Lonicera   ja-
ponica),   northern   dewberry   (Rubus
flagellaris),   mountain   laurel   (Kalmia   lati-
folia),   tulip   poplar   (Liriodendron   tulipifera),
maple-leaved   viburnum   (Viburnum   aceri-
folium),   and   deerberry   and   blueberries
(Vaccinium   spp.).   Pollination   information
was  obtained  from  Proctor  and  Yeo  (1972)
and   Cronquist   (1981).

The  majority  (53%)  of  the  records  are  of
perennial  species.  The  perennial  group,  like
the  woody-plant  group,  begins  blooming  in
late  February.  The  rate  of  increase  of  species
coming  into  flower,  however,  is  much  faster
than  among  the  woody  plants  observed.  The
number  of  first-flowering  perennials  reaches
a  peak  in  mid-  to  late  April.  This  is  slightly
earlier   than   that   for   woody   plants.   The
number   of   perennials   coming   into   flower
drops  dramatically  after  this  peak  until  late
May  when  it  shows  a  resurgence  (Fig.  3).

Many  of  the  perennials  studied  are  wood-
land spring  ephemerals,  e.g.,  jack-in-the-

pulpit   (Arisaema   triphyllum),   spring   beauty
(Claytonia   virginica),   harbinger-of-spring
(Erigenia   bulbosa),   cut-leaved   toothwort
(Dentaria   laciniata),   toadshade   (Trillium
sessile).   As   mentioned   previously,   these
plants  must  complete  a  large  part  of  their
life-cycle  before  the  trees  have  finished  leaf-

ing out,  cutting  off"  their  light  supply.  Thus,

the  woodland  spring  ephemerals  are  highly
adapted  to   take   advantage  of   the   narrow
"window"  of  time  in  early  spring  when  tem-

perature, moisture,  and  light  conditions  al-
low renewed  growth  but  before  the  canopy

closes  over  and  greatly  reduces  the  available
light  on  the  forest  floor.  This  adaptive  peak
most  likely  is  what  explains  the  sharp  spring
peak  in  the  blooming  of  perennials.

Annuals   and   biennials   make   up   a   rela-
tively small  portion  of  spring-flowering

species  recorded.  Approximately  5%  of  the
species  recorded  over  the  entire  study  pe-

riod were  biennials,  and  1 1%  were  annuals.
Once  the  first  annuals  and  biennials  begin
to  bloom  the  total  numbers  of  these  species
coming   into   flower   each   one-week   period
remain   relatively   constant   throughout   the
spring  season  and  have  little  influence  on
the   cumulative   peak,   in   late   April,   for   all
plants  coming  into  flower  in  a  given  week
(Fig.  3,  solid  line).

The   peaks   in   the   cumulative   flowering
curves  for  all  species  recorded  are  formed
mainly   by   native   perennials   and   woody
plants  (cf.  Figs.  3  and  4).  Biennials,  annuals,
and  all  naturalized  plants  in  this  study  come
into   flower   at   a   relatively   uniform   rate
throughout  the  season.  Their  flowering  levels
do  not  have  a  large  impact  on  the  overall
peaks  of  flowering  for  all  species.

The   range   of   year-to-year   first-flowering
dates   varies   considerably   from   species   to
species  (Fig.   2).   It   is   to   be  expected  that
species   whose   flowering   is   primarily   gov-

erned by  day-length  will  show  the  least  year-
to-year   variability   in   first-flowering   date
while  those  species  whose  flowering  is  gov-

erned more  by  climatic  conditions  will  show
the   most   year-to-year   variability.   Leopold
and   Jones   (1947),   Jacques   and   Hilleary
(1945),  and  Moss  (1960)  suggested  that  the
earliest  blooming  species  are  likely  to  show
the   most   annual   variation   in   the   start   of
flowering.   Our  data  support  these  sugges-

tions. Table  1  shows  that  the  average  de-
parture from  the  average  first-flowering  date

decreases  progressively  through  the  spring
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Table  1 . — Average  number  of  days  of  departure  from
average  dates  of  first-flowering,  tabulated  in  weekly
intervals.

*  Examples  from  the  week  of  March  1 3-March  1 9
are  used  here  to  illustrate  how  the  average  departure
from  average  first-flowering  date  was  computed.  Five
species,  Veronica  hederaefolia,  Claytonia  virginica,
Hepatica  americana,  Phlox  subulata,  and  Tussilago
farfara,  have  average  first-flowering  dates  in  this  week.
The  absolute  value  of  the  departure  of  each  first-flow-

ering date  (in  days)  from  each  species'  own  average
first-flowering  date  was  calculated  for  each  year  for
which  a  first-flowering  date  was  recorded.  For  example,
Claytonia  virginica  has  an  average  first-flowering  date
of  March  15.  In  1982  its  first-flowering  date  was  March
24,  which  was  9  days  later  than  the  average.  In  1971
its  first-flowering  date  was  March  1 3,  which  was  2  days
earlier  than  the  average.  The  absolute  values  of  the
departure  from  the  average  for  these  two  years  were  9
and  2  days,  respectively.  All  of  the  absolute  differences
for  all  five  species  were  totalled  and  then  averaged
together  to  come  up  with  the  overall  average  absolute
departure  for  this  one-week  period.

**  None  of  the  species  analyzed  has  an  average  flow-
ering date  in  this  time  period.

season.   The   blooming  times   of   early-flow-
ering species  may  be  more  directly  related

to  climate  than  the  blooming  times  of  late-
flowering  species  and,  therefore,  may  be  re-

flecting the  greater  variation  in  the  climate
early  in  the  season  by  the  greater  variation
in  their  first  blooming  dates.

Temperature   as   a   controlling   factor   is
suggested   particularly   by   the   year-to-year
variation   in   the   average   day   of   first-flow-

ering. When  all  first-flowering  dates  are  ex-

pressed in  number  of  days  from  January  1
and  these  dates  are  then  averaged  over  all
species  that  bloom  after  March  1  for  each
year,   the   average   day   of   first-flowering   is
seen  to  vary  from  the  101st  (1977)  to  the
115th  day  (1971,  1982)  of  the  year.  This  is
a  maximum  fluctuation  of  two  weeks.  This
kind   of   variation   certainly   supports   the
common   notion   of   "early"   and   "late"
springs.  On  the  other  hand,  the  average  day
of  first-flowering  is  exactly  the  same  for  as
many  as  three  years  (197 5,  1978,  1983).  The
observations  were  too  uncontrolled  to  carry
this  analysis  any  further.

Of  the  species  studied,  those  with  the  most
pronounced  variation  in  first-flowering  dates
(60+  days)  tend  to  be  the  weedier  species.
Most  of  these  are  exotic  annuals,  e.g.,  henbit
(Lamium   amplexicaule),   bird's-eye   speed-

well  {Veronica   agrestis),   whitlow-grass
(Draba  verna),   common  groundsel   (Senecio
vulgaris),   and   shepherd'  s-purse   (Capsella
burs  a- past  oris).  A  small  number  of  exotic
perennials,  e.g.,  false  strawberry  {Duchesnea
indica)  and  white  clover  {Trifolium  repens),
also   show   high   variability.   In   the   case   of
some  plants  the  first-flowering  period  would
look  much  less  variable  if  one  were  to  select
the  most  discrete  clump  of  five  or  so  dates
from  among  the  total  observations  that  may
span   a   relatively   wide   period.   These   are
species  such  as  chickweed  {Stellaria  media)
and   poor-man's   pepper   (Lepidium   virgini-
cum)  that  begin  their  main  flowering  period
in,  say,  April   or  May  but  often  have  scat-

tered individuals  or  populations  that  begin
flowering   much   earlier   in   sheltered   loca-

tions or  during  a  mild  year.  In  reality  the
more   discrete   cluster   of   dates   represents
more  accurately   the  typical   range  of   first-
flowering  dates  for  the  species.  Sporadic  ear-

ly flowering,  owing  to  habitat  protection,
mild   weather,   or   genetic   diversity   among
populations   or   individuals,   is   especially
likely  among  weedy  species  whose  success
as  weeds  may  be  due  in  part  to  flowering
times  that  are  less  synchronized  than  in  oth-

er species.  They  certainly  do  not  flower  uni-
formly throughout  the  year,  although  they
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may   bloom   sporadically   in   different   sea-
sons. Budd  and  Campbell  (1959)  suggest  that

in  the  range  weeds  that  they  studied  early
flowering  may  be  an  adaptation  to  enable
the  species  to  set  seed  before  competitive
grass  species  commence  their  rapid  growth.
Sporadic   blooming  aside,   these  species   do
have  a  time  when  a  large  proportion  of  their
plants   come   into   bloom.   This   probably
would  become  apparent  after  many  obser-
vations.

The   native   perennials   that   display   long
flowering   spans,   viz.,   blunt-leaved   hepatica
(Hepatica   americana)   and   mosspink   {Phlox
subulata),  may  have  one  or  two  very  early
records,  while  the  rest  of  the  records  are  in
a  relatively  discrete  cluster.  These  early  rec-

ords may  be  aberrant,  either  recorded  in  a
very  warm  year  or  recorded  from  a  peculiar
individual  of  a  population  in  which  the  bulk
of  the  population  may  have  come  into  flow-

er at  a  more  predictable  time.
Clearly,  the  onset  of  flowering  in  the  spring

is   aflected   by   a   number   of   environmental
variables.  The  earliest  species  vary  the  most
in  their  flower  initiation,  but  many  species
bloom  year  after  year  in  a  reasonably  pre-

dictable time  frame.  This  discrete  pattern
of  flowering  onset  suggests,  as  many  other
studies  have  shown,  a  relatively  precise  ad-

aptation to  photoperiod  and/or  temperature
regime   (especially   cumulative   degree-days).

Some  questions  arise  when  attempting  to
interpret  the  flowering  times  of  those  species
in  our  records  with  apparently  discrete  first-
flowering  spans.  Although  some  species  may
truly  flower  in  a  quite  discrete  time  span,
there  are  at  least  two  other  possible  expla-

nations. On  the  one  hand,  in  those  cases
where   relatively   few   dates   were   recorded
during  the  1 4-year  period  there  is  less  chance
to   vary,   as,   for   example,   in   the   cases   of
knawel   {Scleranthus   annuus),   5   records;
narrow-leaved   plantain   (Plantago   lanceo-
lata),  5  records;  and  Mazusjaponicus,  4  rec-

ords. For  such  weedy  species  one  would  ex-
pect a  more  variable  first-flowering  span,

which  more  records  probably  would  show.
Likewise,  some  of  the  species  recorded  to-

ward the  end  of  the  final  month  (i.e..  May)
of  the  annual  observation  period  may  also
appear   to   have   discrete   flowering   periods
when  in  fact  a  longer  period  (i.e.,   beyond
June   1st)   of   recording   might   have   shown
that   in   some   years   first-flowering   did   not
begin  until  after  June  1  st.

Given   the   rather   uncontrolled   way   in
which  this  study  was  conducted,  one  would
not   be   justified   in   drawing   more   definite
conclusions.   Basically,   we   are   presenting
here  a  large  set  of  observations  that  we  think
are  of  interest  in  themselves,  and  we  have
tried  not  to  carry  our  analysis  beyond  what
is  justified  by  the  nature  of  the  data.  Ad-

ditional studies  of  individual  species  with  a
rigorous   experimental   design   would   be
needed  to  answer  the  questions  raised.
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Appendix  1.— Alphabetical  list  of  spring-blooming
native  and  naturalized  species  of  plants  of  the  Wash-

ington, D.C.,  area  for  which  the  date  of  first-flowering
was  recorded  one  or  more  times  during  the  years  1970
to  1983.

Appendix  1.— Continued.
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Appendix  1.— Continued. Appendix  1.— Continued.

Species Rangeof  dates Average  No.  of
date       years

Hypericum   perforatum   5/30-5/30   5/30   1
Hypoxis   hirsuta   4/28-5/23   5/11   5
Ilexopaca                              5/8-5/22  5/14  9
Ilex   verticillata   5/22-5/31   5/27   3
Impatiens   capensis   5/28-5/28   5/28   1
Iris   cristata   4/30-5/11   5/4   3
Iris   verna   4/29-4/29   4/29   1
Iris  versicolor                         5/8-5/26  5/16  3
Isotria   verticillata   4/29-5/16   5/5   3
Jejfersonia   diphylla   3/25-4/16   4/6   10
Juglans  nigra                         5/4-5/20  5/13  4

*Juniperus   virginiana   3/13-3/28   3/23   3
Kalmia   angustifolia   5/  1  6-5/22   5/18   3
Kalmia  latifolia                     5/5-5/30  5/20  10
Krigia   dandelion   4/29-5/5   5/1   4
Lamium  amplexicaule          1/2-4/18  2/28  14
Lamium  purpureum              2/5-4/9  3/19  13
Lathyrus  venosus                   5/9-5/9  5/9  1
Leonurus   cardiaca   5/22-5/29   5/26   2
Lepidium  campestre              4/3-5/11  4/30  5
Lepidium  virginicum              1/2-5/23  4/22  6
Leucothoe   racemosa   4/25-5/23   5/11   4
Linaria   canadensis   5/22-5/30   5/25   3
Lindera  benzoin                     3/7-4/11  3/27  14
Linum   usitatissimum   4/11-4/11   4/11   1
Linum   virginianum   5/23-5/23   5/23   1
Liparis   lilifiolia   5/21-5/29   5/25   2
Liquidambar   styraciflua   4/19-4/30   4/24   5
Liriodendron   tulipifera   4/21-5/21   5/8   14
Lithospermum   arvense   4/25-4/25   4/25   1
Lobelia   spicata   5/30-5/30   5/30   1
Lolium   perenne   5/14-5/30   5/23   3
Lonicera   japonica   4/17-5/30   5/11   9
Lonicera   morrowii   4/20-5/6   4/28   2
Lonicera   sempervirens   5/20-5/25   5/23   2
Lotus  corniculatus                 5/2-5/2  5/2  1
Lupinus  perennis                   5/7-5/7  5/7  1
Luzula   campestris   3/24-4/16   4/8   3
Lyonia   ligustrina   5/23-5/23   5/23   1
Lysimachia  nummularia     5/20-5/24  5/22  3
Lysimachia   quadrifolia   5/26-5/26   5/26   1
Lythrum   salicaria   5/30-5/30   5/30   1
Madura   pomifera   5/17-5/20   5/19   5
Magnolia  virginiana              5/3-5/22  5/13  5
Maianthemum  cana-

dense   4/19-5/7   4/30   5
Marrubium   vulgare   5/29-5/29   5/29   2
Mazus   japonicus   4/26-5/16   5/8   4
Medeola  virginiana                5/7-5/24  5/16  7
Medicago  lupulina                 5/5-5/5  5/5  1
Medicago   sativa   5/15-5/30   5/23   2
Melilotus   alba   5/22-5/31   5/27   5
Melilotus  officinalis                5/3-5/23  5/13  7
Mertensia   virginica   3/12-4/13   4/2   14
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Appendix  1.— Continued. Appendix  1.— Continued.

Species Rangeof  dates Average  No.  of
date       years

Triodanis   perfoliata   5/16-5/31   5/25   5
Triosteum  angustifolium       5/9-5/9  5/9  1

*Tsuga   canadensis   4/24-4/30   4/26   3
Tussilago   farfara   2/24-4/13   3/15   13
Typha   angustifolia   5/29-5/29   5/29   1
Ulmus  americana                  2/1-3/22  3/2  14
Ulmus   rubra   4/11-4/11   4/11   1
Urticadioica   5/29-5/29   5/29   1
Uvularia   perfoliata   4/21-5/10   5/2   8
Uvularia  sessilifolia               4/8-5/1  4/19  9
Vaccinium  angustifolium  4/22-4/24  4/23  2
Vaccinium  atrococcum          4/7-5/9  4/26  3
Vaccinium  corymbosum  4/10-5/13  4/23  6
Vaccinium   stamineum   4/23-5/26   5/6   1  1
Vaccinium   vacillans   4/20-5/9   4/26   7
Valeriana   pauciflora   5/10-5/19   5/16   3
Veronica  agrestis                    1/2-4/12  2/28  9
Veronica  arvensis                  2/1-4/27  3/25  4
Veronica   hederaefolia   2/23-4/11   3/18   14
Veronica  officinalis                3/7-5/21  4/23  3
Veronica  persica                    3/3-4/30  3/31  7
Veronica   serpyllifolia   5/15-5/15   5/15   1
Viburnum   acerifolium   5/14-5/23   5/19   5
Viburnum  dentatum              5/5-5/30  5/2 1  4
Viburnum   prunifolium   4/11-5/4   4/25   12
Viburnum  rafinesqui-

anum   5/11-5/15   5/13   3
Viburnum  recognitum           5/5-5/5  5/5  1
Vicia  angustifolia                   5/1-5/12  5/6  5
Vicia   caroliniana   4/21-5/23   5/2   5
Vicia   villosa   5/29-5/29   5/29   1
Viola  affinis                           A/l-A/ll  4/17  5
Viola  cucullata                      4/4-4/13  4/10  3
Viola   eriocarpa   3/18-5/2   4/12   13
Viola   fimbriatula   4/12-5/9   4/24   3
Viola   kitaibeliana   3/25-4/21   4/8   10
Viola   papilionacea   3/14-4/16   4/3   14
Viola   pedata   4/11-5/7   4/21   5
Viola   primulifolia   4/21-5/9   5/4   4
Viola   pubescens   4/12-4/16   4/14   2
Viola  sagittata                       5/9-5/23  5/16  4
Viola  sororia                          4/2-4/29  4/18  3
Viola  striata                           4/3-5/2  4/18  12
Viola   triloba   4/29-5/10   5/3   3
Vitis   labrusca   5/28-5/28   5/28   1
Vitis   vulpina   5/23-5/25   5/24   2
Zizia   aurea   3/25-5/19   4/15   9

*  Non-flowering  plants.  Date  of  "first  flowering"  is
date  when  spores  are  first  released  or  when  male  cones
begin  to  shed  pollen.
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Appendix  2.— Alphabetical  list  of  spring-blooming
cultivated  species  of  plants  of  the  Washington,  D.C.
area  for  which  the  date  of  first-flowering  was  recorded
more  than  one  time  during  the  years  1970  to  1983.

Appendix  2.— Continued.

Species Rangeof  dates Average  No.  of
date       years
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Appendix  2.— Continued. Appendix  2.— Continued.

Species Rangeof  dates Average  No.  of
date       years

Spiraea   x   vanhouttei   4/24-5/13   5/6
Styrax   japonicus   5/14-5/26   5/21
Styrax   obassia   5/9-5/16   5/12
Symphytum   officinale   4/25-5/7   5/1
Symplocos   paniculata   4/25-5/7   5/2
Syringa   oblata   4/11-4/23   4/17
Syringa   vulgaris   3/30-4/24   4/14

*Taxodium   distichum   3/29-4/2   3/31
*Taxus   baccata   3/13-3/29   3/22
*   Taxus   cusipidata   3/5-3/  18   3/14
*Thuja   occidentalis   3/15-3/29   3/22

Thymus   praecox   5/14-5/22   5/18
Thymus   vulgaris   5/  1  5-5/  15   5/15
Tilia   X   europaea   5/27-5/31   5/29
Torreya   nucifera   A/25-5/1   5/2
Tradescantia  hirsuti-

caulis   5/2-5/8   5/5
Tradescantia   longipes   5/1-5/7   5/4
Trillium   cuneatum   4/1-4/22   4/10
Trillium   decipiens   4/  1   -4/  13   4/7
Trillium   decumbens   4/5-4/13   4/9
Trillium   discolor   5/7-5/8   5/8
Trillium   erectum   4/14—5/7   4/23
Trillium  grandiflorum  4/14—4/29  4/19
Trillium   maculatum   4/5-4/13   4/9
Trillium   ovatum   4/2-4/17   4/11
Trillium  pusillum  var.

pusillum   3/31-4/1   3/31         3
Trillium  pusillum  var.
virginianum   3/27-4/2   3/30         4

Trillium   tschonoskii   3/29-4/13   4/7   3
Trillium  underwoodii   4/9-4/24  4/17        3
Trillium   viride   4/26-5/8   5/4   2
Trochodendron  arali-

oides   5/3-5/17   5/10         2
Trollius   europaeus   4/25-5/8   5/3   3
Tulbaghia   violacea   5/8-5/16   5/12         2
Tulipa   "Gold   Coin"   3/21-4/2   3/27         2
Tulipa   batalinii   4/19-4/26   4/23         2
Tulipa   kaufmanniana   3/25-4/8   4/1   4
Tulipa  kolpakowskiana  4/ 1 7-4/ 17  4/17        2
Tulipa   linifolia   4/26-5/1   4/29         2
Tulipa   maximowiczii   4/20-5/1   4/26         2
Tulipa  pulchella  var.

violacea   3/18-3/27   3/23         2
Tulipa   spp.   3/27-4/4   3/30         5
Valeriana   officinalis   5/8-5/14   5/10         3
Vancouveria  hexandra  5/17-5/22  5/20        2
Viburnum  alnifolium  4/26-5/4  4/30        2
Viburnum   carlesii   2/19-4/17   4/1          10
Viburnum   farreri   2/12-4/8   3/17         3
Viburnum   plicatum   5/7-5/8   5/8   2
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Appendix  2.— Continued. Appendix  2.— Continued.

Species
Rangeof  dates

Viburnum  rhytidophyl-
lum

Vinca  minor
Viola  canadensis
Viola  labradorica
Viola  odorata
Viola  tricolor
Waldsteinia  lobata
Weigelia  florida
Weigelia  japonica

Average  No.  of
date       years

4/13-5/2
1/1-4/7

4/17-4/30
4/10-4/15
3/13-4/12

1/1-4/11
4/17-4/17
5/13-5/14

5/8-5/11

4/25
3/13
4/25
4/13
3/25
2/6
4/17
5/14
5/10

3
14
3
2
4
8
2
2
2

Species Rangeof  dates Average  No.  of
date       years

Wisteria   floribunda   4/16-4/27   4/21   3
Wisteria   sinensis   3/30-5/6   4/20   5
Wisteria   ^V>V-   4/17-5/2   4/25   4
Xanthorhiza  simpliciss-

ima   4/11-4/12   4/12   2
Zelkova   serrata   4/20-4/26   4/23   2

*  Non-flowering  plants.  Date  of  "first  flowering"  is
date  when  spores  are  first  released  or  when  male  cones
begin  to  shed  pollen.
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HYPOCONCHA   PARASITICA   (LINNAEUS,   1763),
A   SENIOR   SYNONYM   OF   HYPOCONCHA   SABULOSA

(HERBST,   1799)   (CRUSTACEA:   DECAPODA:   BRACHYURA)

L.   B.   Holthuis   and   Raymond   B.   Manning

Abstract.—  Hypoconcha   parasitica   (Linnaeus,   1763)   is   the   oldest   available
name  for  the  species  now  known  as  Hypoconcha  sabulosa  (Herbst,   1799).

The   identity   of   Cancer   parasiticus   Lin-
naeus, 1763,  almost  always  indicated  by  its

invalid   junior   synonym   Cancer   pinnophy-
lax  Linnaeus,  1767,  has  puzzled  several  au-

thors. Especially  in  the  18th  and  the  first
third  of  the  1 9th  centuries  efforts  were  made
to  place  the  species  in  the  system  of  the
Brachyura.  It  was  considered  to  be  either  a
dorippid  or  a  pinnotherid,  but  in  almost  all
cases   its   identity   was   considered   dubious.
After   1830   the   name   virtually   disappeared
from   the   carcinological   literature.   In   1837
H.   Milne   Edwards   cited   Cancer   pinnophy-
lax  Linnaeus,  1 767,  in  the  synonymy  oiDo-
rippe  as  tut  a  Fabricius,  1798,  ignoring  its
priority.   Schmitt,   McCain,   and   Davidson
(1973:53,   56),   in   their   review   of   the   pin-

notherid literature,  dealt  with  the  species
under  Pinnotheres  maculatus  Say,  1818,  but
came   to   the   conclusion   that   Linnaeus'
species  was  unidentifiable.

In  a  recent  review  of  the  subfamily  Do-
rippinae,   family   Dorippidae   (Holthuis   and
Manning,   in   preparation),   we   encountered
the   problem   of   Cancer   parasiticus   versus
Cancer  pinnophylax.   A  study  of   the  litera-

ture led  us  to  believe  that  we  have  found  its
correct  solution.

The   original   description   of   Cancer
parasiticus,   based  on   material   from  Amer-

ica, was  published  by  Linnaeus  (1763:415)
in  the  thesis  of  his  pupil  Boas  Johansson.
The  text  is  as  follows:

"CANCER   parasiticus   brachyurus,
thorace  inaequali  orbiculato  ciliato,  pedibus
dorsalibus  quatuor.

^'Habitat   in   America   intra   Camam   laz-
arum  D.  D.  Jaquin.  Testa  magnitudine  dim-
idii   imperalis.   Thorax   orbiculatus,   integer-
rimus,   convexus,   cinereus,   laevis,
subinaequalis   tuberculis   paucis   minutissim-
is.  In  Dorso  pedes  4  minores;  ungvibus  duo-
bus  aduncis.  Pedes  subtus  4  praeter  manus.
Cauda  inflexa   brevis."

Four   years   later,   Linnaeus   (1767:1039)
gave  the  species  a  new  name.  Cancer  pin-

nophylax, and  described  it  as  follows:

'Pinno-
phylax. 5.   C[ancer]   brachyurus,   thorace

orbiculato  inaequali   ciliato,   pe-
dibus dorsalibus  quatuor.

Amoen.acad.   6.   p.   415.n.93.
Rumph.   mus.   35.   Pinnotheres.
Habitat   in   America   intra   Cha-
mam  Lazarum,   D.   Jacquin,   cu-
jus  Pinnotheres  &  custos  est."

That   the   name   Cancer   pinnophylax   was
intended   by   Linnaeus   (1767)   to   replace
Cancer  parasiticus  is  evident  from  the  fact
that   he   referred   to   the   description   in
Amoenitates   Academicae.   Furthermore,   the
1767  description  is   an  abbreviated  version
of  that  given  in  1763,  supplemented  by  the
addition   of   the   reference   to   Rumphius.
However,   the   account   of   Pinnoteres   (not
Pinnotheres)  in  Rumphius  (1 705:25  [not  35])
deals   with   pontoniid   shrimps   and   pinno-

therid crabs  from  Amboina,  Moluccas.
Most  subsequent  authors  of  the  1 8th  cen-

tury (Houttuyn  1769:317;  FalDricius  1775:
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