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Abstract: Chqsophyte s%srnatocys@ from the surface sedimen%s of 49 lakes located on a north-south transect in the 
Yukon and Nofiwest Territories, Canada, were investig~d for their pantial  use as Indicators of environmental change 
in northem latitudes. Photographic plates and descriptions, foHlowing %n%ernational Statospore Working Gmup guidelines, 
illus%rate 19 new stomatocyst morphotyps. The main patterns of floristic variation in the data set were explored using 
canonical correspondence analysis, which Indicated that gradients sf chloride (ra = 0.73), dissolved inorganic carbon 
(r2 = 0.63), and surface-water temperature (r' = 0.55) were iirnpomnt in influencing species assemblages. Compared 
with the diatom-temperamre inference model developed from the same set sf lakes, the stomatocysts provided a sIigkdy 
less robust model. These results suggest that stomatwysts are weal-dy, haugh significantly, related to some of the gradients 
in lake water chemistry in this data set and can provide a csmpkmemre to other pdesecologicd markers. 

Key words: chqsophyte stomt~cysts, inference mdeIs, northwestern Canada. 

W&sumC : Dans le but de dCteminer leur potentiel cornme indicatmr de modifications environnemenbles sous des latitudes 
nordiques, k s  auteurs ont examine Bes stomatocystes de chysophytes provenant des skdiments de surface de 49 lacs 
situ$s le long d'un efansect word-sud, dans Ie Yukon et les Tenitoires du nod-ouest, au Canada. 11% prCsenknt ddes 
plaques photographiques et cles descriptions, prkparees selon les lignes directrices fomulbes par le Groupe de travail 
inntemsrtiom% sur les s&tospsres, pour iiflustrer 19 nauveaux mcsphotypes de stomtocystes. Us ont explorb k s  principaux 
patrons de variation floristiique Qans les ensembles de donndes, en utilisant 19aaalyse par correspondances canoniques, 
laquelle indique que le gradient de chlore (r2 = 0,73), le carbone inorganique dissout (r2 = 0,631 et la temperature de 
l'eau de surface (r2 = 0,551 sont des facteurs qui influencent dde fa~on  importante les arrangements dkspikes. Compare 
au mdle dSinf6rdence diatom6a-tem@rarde QtvebppC pour le mCme ensemble de Ixs,  les stomatocystes foumissennt 
un modkle ldgkremewt moins rsbuste. Ces r6sultats suggkren% que ks stoma%oqs%es sont faiblement, quoiqrae sig~ficativement 
Hies h semiws des gradients chimiques des lacs dam cet ensemble de dsmn6e.s et constiWent un comp1Cmewt a m  autres 
marqueurs palt&coiogiques. 

Mots clF  : stomatocystes des chqsophytes, modkles dsinfCrence, nord-ouest canadien. 
[Twduit par la raaction] 

Introduct%on that arctic and alpine tree lines advanced well beyond their 

The Yukon Temitsq and the Tuhoy&uk Peninsula region 
of the Nodwest Territories support four major ecsclimatie 
zones: arctic tundra, fsrest-eLgndra, dpine tundra, and bored 
forest (Etchbe %9W)* The arctic tree line (defined here as the 
trmsition bemeen forest - tundra and tundra; PayeEe 1983) 
is a break En regional vegetation h a t  is climatically influ- 
6 n c d  @qssn  1966). In particular, the tree line is coincident 
with the mean July position sf  the Arctic Front, where the 
cold, dry arctic mass meets the warm, moist Pacific air 
mass (Byson 1966; Ritchie 1984). 

A number of pdesenvironmenM studies have h&cated 
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present limits diring the early to mid-~oloceni  in n o d -  
western and central Canada (Ritchie et d. 1983 ; C y n m  and 
Spear 1991 ; MacD~ndd et dLE. 1993; Spear 1993), possibly 
as a result of changes in the mean s u m e r  position of the 
Arctic Front (Spar 1993). It has dso been suggested &zit in 
the near future (10-30 years), tree line in nofiweskrn 
Cma& may move northwards in a stepwise fashbn a8 a 
result of projected climatic warming (Landhausser and Wein 
1993). Climatic warming may d s o  lead to increased fire 
frequencies in this region, resulting in the loss of insulating 
organic matter, exposure of mineral soils, and enhanced 
thawing of permafrost (Lm&ausser and Wein 1993). A 
recent &dy bas suggested that since 1949, the southern limit 
sf the discontinuous pe frost zone in the area south of 
Great Slave Lake, dong the Mackemie Highway, has migrated 
northwards by approximately 120 h (Kwong and @an 
11994). Such large varbtations in both climate m d  vegetation 
are expected to generate significant changes in associated 
lakes of such arctic regions (MacDondd et al* 1993); hence, 
there is a need to obtain long-term (proxy) environmentd 
data from this important region. 

Most studies of past tree-lime shifts have focused on the 
analysis of fossil pollen in lake sediments. Pdynology is a 
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powerhl tool for the analysis sf past environmentd changes 
at tree line, but it is limited by possible Tags in the response 
sf tree populations to climatic change and the long-dishnee 
dispersal of arboreal pollen into tundra sites (Payette and 
bvoie 1994; Etchie 11995). Lake systems may respond 
more quickly. Pdeolimologicd studies have indicated ha t  
siliceous ~crofoss3s em provide valuable proxy data baaux  
many algae are sensitive indicators (both directly and indi- 
rectly) of past lake conditions md climate (e.g . , Smol f 988; 
Smo1 et d. 1991, 1995). Direct effects of climate are usually 
restricted to water temperature, and indirect effects may 
include variables such as light pnetration and the extent of 
ice and snow cover (Smol et d. f 995). Before such studies 
can be u n d e ~ e n  in high-latimde regions, the distributions 
sf potentid Indicators must be recorded, and'the envirsn- 
mental optima and tolerances of these bxa must be esti- 
mated. Some progress has k e n  made with diatoms (class 
Bacillariopby eae)  (e. g . , Bienitz and Smol 1993 ; Pienitz 
et d. 1995) across tree line, but no comparable data are yet 
avdable for chqsophyte stomatocysts. 

Chysophpes (classes Chqsophycme and Synurophyceae) 
are unimUular or colonial algae, commody known as the 
' "golden-brown algae' ' (Lee 1989). Most members are flagd- 

lated, occupying maidy freshwakr, but d s s  some marine 
habitats (Smdgren 1988). Chvsophytes tend to dominate 

n of oligotrsphic to mesotrophic hikes 

N l  members of the Chysophyceae and Synurophyeeae 
are believed to produce a resting stage cdled a stomatocyst, 
a statospore, or simply a cyst. Stomatocysts are typicidly 
sphericd or obovate In shape, ranging from 3 to 35 pm in 
diameter (Sandgren 1991). The stomatocyd has a silicified 
cell wall (which may vary in number of layers or hichess) 
with a single exit p nd msqhogpes can be differ- 
entiated by shape, nktion (spines, ridges, depres- 
sions, reticdae, etc . ore md collar movholsgy (Duff 
et al. 1995). 

Studies of chqsophytes (both scdes and stomatocystsj, 
have indicated that bey may be indicators of pH (Carney 
et A. 1992; Dixit et d. 1989a; Duff and Smsl 11991, f994a; 
Rybak et d. 1987; Siver 1988), climate -temperature @rown 
et d. 1994; Roijackers and Ressels 1986; Siver md Hamer 

Smol 1993a1, conductiviw (QSiver 19931, 
g et d. 1993; Pienitz et d. 1992; Zeeb a d  

Smol 1991, '8995), met& ccscentratiows (Dixit d d. 11989b; 
Eher and Happey -Wood 1978), and tropbic st atus (Carney 
1982; Carney and Smdgren 1983; Cronberg 198%; Duff and 
Sm01 199%; Rybak 1986, 1987; Zeeb et ds 1990, 1994). 

In the arctic and subarctic regions, however, chf.$rsophyte 
scales are usudy rare and few studies of stomtocysts have 
been eompletd (Duff and Smog 1988, 1989; Duff et ds 
1992; Pienitz et d. 1992, B 995; Duff 1996; Wil&nson et al. 
1996; Gilbert et d. 1997). In each of these studies, however, 
cysts have been shown to be sensitive indicators sf past 
environments. Pknitz et d. (1992) observed major shifts in 
the cyst assemblage in an athdassic subarctic Bake that were 
related to changes in salinity. WilEnsgsn et d. (1996) found 
that cyst assemblages varied significantly with substrate 
in smdl ponds in the Canadian High Arctic, and Gilbert 
et ale (1997) observed marked changes En the cyst assemblage 
in a peat care from noahwestern Siberia. Duff (1996) found 

that climatic factors played a strong direct sr indirect role 
in stmcturing the cyst co nity in noflh-central Siberian 
lakes (Fig. 1). These studies are encouraging, but their 
paucity indicates a need to continue documenthg chqsophyte 
cysts in arctic regions (Smd 1998). 

This present study is largely exploratory. Its primary 
objectives are to ( i )  document and describe, using guidelines 
s f  the International Statospore Workiing Group USWG) 
(Csonberg and Sandgren 1986) and Duff et dli. (1995), h e  
chqsgsphyte stomatocyst flora from 49 lakes located on a 
transect including four major ecoIogicd zones; (ii) identify 
the impomnt environwentl variables &at influence h e  
distribution of chvsophyte cysts; ( i i i )  develop inference 
models for relevant environmentd variables, as determined 
by ordination; and (iv) compare the information provided by 
stomatocysts in &is study to diatoms from the same lakes 
(Pknitz et al. 1995), e s p i d y  in relation to surface-water 
temperature. Uhimately , the results s f  this study should aid 
in the recsnstmction and intevrebtion of paleoclimatic 8nd 
pdeoemironmend changes in northern areas. 

Study sites 

The 49 study lakes are located on a south --north transect between 
Wtehsrse,  Yukon, md Tuhoy Northwest Territories &Fig. I). 
Most of the lakes arc unnamed, thus they were numbered Hw con- 
secutive order of sampling with the prefix Y (for Yukon). These 
lakes are a subset of 59 k&es studied by Pienitz et al. (1995) in a 
diatom investigation; o d y  49 sf  the lakes were suitable for analyses 
using chvsophyte stsmatocysts (six were rejected due to extremdy 
low numbers of cysts (i.e., < 501, md four were statistical outliers 
due ta their unusud water chemistry: Brown 1986). Summary 
statisties sf the phyeicd and chemical characteristics of all 59 lakes 
are presented in Table 1. Most of the lakes are medium-sized 
basins, isolated, and circular, exceed 2 rn in depth, and are Issated 
in primary watersheds that do not receive significant drainage f m  
other lakes or rivers* Further details can be found in Pienitz ct 
(199'7). Nineteen s f  the lakes in the present study are heated in 
the aretic tundra (Y26-Y46, Y53 -Y55), nine in the tree-line 
area (Y4, Y22, Y23, Y25, Y48 -Y52), six in the alpine tundra 
(YI8-Y2%, 3 5 8 ,  Y59), and 15 in the boreal forest ('%%I, Y3, 
YS-Y7, Y10-Y17, Y47, Y56) (Fig. 1). 

The s ~ u h e r n  and central Yukon is ehasactekzed by a subarctic 
continental climate (relatively snowy winters and long warm sum- 
mers), which is influenced by the proximity of the Pacific Ocean, 
especially the Gulf s f  Alaska w8hl et diI. 2987). Mean monthly 
temperatures from May ta August range from 6.7 to 12.7"G; the 
mean July temprahre is 15°C (Ritehie 1984). Annual precipitation 
ranges from less than 300 mrn in central Yukon to 400 rnm in 
northern Yukon and 750 rn in the Mackemie Moun~iPas (FVaM et d. 
1987). Iw cornparkon, the nodherw Yukon and the T u k o y a h k  
Coastlands wudly experience Isrig cold winters ( a t obe r  - April) 
and short cool summers with low precipibtisw (usually < 300 m/ 
year) that typify the arctic coastal climate (Ritchie 1984). The mean 
monthly temperatures from May to August range from 3 to 5" C; the 
mean July ternperamre is 7 - 10 "@ (Ritehie H 984). Further details 
of the study sites can be found in Pienitz et al. (199'7). 

Methods 

Surface sediment samplimg and memureme~t of 
enviromentd variables 

The study lakes were samp1d in July 1990 (Pier& 1993). Lakes h t  
are located within short distances from the Klondike and Dempster 
highways were sampled from an inflatable boat, and lakes on the 
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Brown e% a!. 845 

Fig. 1. Map showing the l[cseatisn of the study lake set spanning from Tuktoyakak, Northwest Territories, to Whitehorse, Yukon. The 
locations of other arctie shqs~phycean stomtscyst studies are also shown. Wood Buffalo - Yellowhife (S.E. Taylor, unpublished 
data); Gape Herschel (Duff et al. 1992; Wakinwn et al. 1996); Carey Ishnds (Brown et al. 1994); Norilsk (Duff 1996); and Tiksi 
(Gilbefi et al. 1997). 

Detrended csrrespesdense amf y sis (DCA) , with detrending by 
segments, was used to determine the length of the major gradients 
(Hill and Gauch 1988) in the species data in order to select the most 
appropriate model. 

AH environmentarl variables (except latitude, fswgi~de, pH, and 
surface-water temperature) were logarithm tramfomed. Using 
these data and the stomatocyst mowhsqpe data, a canonical esr- 
respondence analysis (CCA) with fornard selection was performed 
to identify important enviromewQ1 variables. Species scores were 

scded to represent weighted averages of the site scores (ter Braak 
1990). With the resulting subs& of environmental variables, the 
data were ordiwated, and biplots for species-environmental and 
sample -environment& data were constructed. 

Eogrithm-transformed cnvirowmentd data and stomatmyst 
wao~hotygrpe data were used for weighed-averaging WA) regres- 
sion using WACALIB 3 -4 (Line and Birks 19943; Line et al. 1994). 
Inverse deshrinking was used in ~~ns tmc t ing  rnsdds of the three 
most i m p m n t  enviromenM variables. Bmtstmpping (%m cycles) 
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was performed as a resampling procedure that tests the. predictive 
ability of the model. 

Stamatwyst nara 
Stomtocysts were well preserved and over 300 moqhowges 
from the study l&es were observed with light microscopy; 
of these, 81 moqhotypes occurred in two or more lakes at 
abundances of 1 7% or greater. These 81 moykotypes repre- 
sent 83.8-99.6s ((mean 82.1%) sf the total cyst counts. 
Table 2 lists p~viously described stomtmysts with known 
biologic& affinities from the 49 lakes and includes any 
Qxonomic notes from observations made during this study. 
The following mophswpes were also previously described, 
but their affinities are still u n h o w  (those marked with an 
asterisk were used in the ordinations): eyst moqhotypes 3, 
4*, 5 fsrma A*, 5 forma B*, 16*, 29*, 31*, 32*, 33*, 34, 
46*, 58*, 52*, 58*, M*, 69*, 68*, 69, 74, 76, 83*, 84, 88, 
98*, 91*, 94*, 89, 101*, 110, 113*, 1 I$*, 1 15*, 1 16 foma 
A*, 116 foma B*, I l P ,  %21*, 127*, 128 forma B*, 136, 
%43*, 146*, 149*, 150*, 152*, %54*, 158*, 159*, 164,169, 
1'71*, 173, 174*, 1%8*, %89*, 191, 196*, 188*, 205, 206, 
208*, 209*, 218*, 211*, 212*, 215, 219, 218, 219*, 222, 
223*, 224*, 22'7*, 228*, 23 1 *, 232 foma A*, 232 foma B*, 
239, and 242. 

Nineteen s f  the new stomatocysts were weU documented 
with SEM and are described in this paper; cysts are described 
from d l  of the 59 origin& study lakes. Addi.ondly, there 
are three stomatocysts (cysts 6'7, 103, and 104) that already 
have Pdemdogicd Envkomend hgssment a d  Rexach 
Laboratov (PEA=) numbers assigned to them (see Duff 
et ale 1995), which are rdescribed. Hn each case, the original 
descriptions were considered incomplete due to inslaafficcint 
SEM specimens (Duff et d. 1995). A single new cyst is 
desc~bed which was identied with LM only. This eyst was 
described because it was abundant in LM counts and easily 
distinpishable even wi&out SEM confirm~on.  

Stomatmyst 308, Brown et d. (1 1) Figs. 2 and 3 
NEGATIVE NUMBER: J.P. Smol 2257. 
LOCALITY: 0-0.5 cm, Y14 (6d059'N9 H35"22'W), Yukon 

Territory, Cm&. 
sgoLooneAL AHRNITY: Unhown. 
SEM D E S C ~ ~ I O N :  This is a spherical, smooth stomatocyst 

(dim. 4.5 -9.4 pm) with a deep mncave pore (dim. 0.4 - 
0.8 pm). The low, conical collar (apical diam. 1.3 - 3.1 pm) 
barely protmdes from the stomatocyst body, and varies in 
shape from acute to rounded. 
LM D E X ~ ~ I O N :  This stomatocyst is easily reccsgnizabk 

using LM due to the deep mncavity of the pore; thus, it 
should not be conhsed with stomatwysts 46 (Duff and Smol 
1891), 189 (Zeeb et d. 199&), md 158 (Zeeb and Smol 
1983b1, dalll of which have shallow, conical pores. 

ECOLOGY: Cyst 308 is a morphowpe that prefers relatively 
and low-Cl- waters, and is found at (relatively) low 

latihdes. ]In this data set, the WA surface-water temperahre 
optimum of cy st 388 occurs at 19.8 "C, displaying a tslemce 
from 17.4 to 22.2"G. 

Stomatocyst cf. 116, Zeeb et d. (1990) (5) Figs. 4 and 5 
NEGATIVE NUMBER: J.P. Smd 2375. 

%oeaamY: 8-0.5 cm, Y22 (68"1 1'N, 233"29'W), North- 
west Territories, Canada. 

mmxsrcaa% AFFINITY: Unhown. 
SEM DESCRIPTION: This is ap relatively large (7.0 - 18.5 X 

6.5 -9.3 pm), spherical to s v d  , smooth stomatocyst. A 
cylindric& cslkr (base diam. 2 -2  - 3.2 pm) emerges abruptly 
from the body atbins a height of 0.8 -2.2 pm, and h a  a 
hickend apex hat flares (dim. 2.4 - 2.8 pm) . The arigidly 
described cyst 1 16 (Zeeb et al. 1998) is larger (diam. 9 -2 - 
12.7 pm), but these two cysts may actudly be identical with 
a large size range. 

EM B E S C H ~ I O N :  The thickened, flared collar apex and 
ovd body shape that define this stsmatocyst make it easy 
ts identi@. 

ECQ LOGY: This stomatocy st was found in relatively warm 
waters with relatively high concentrations of PN, and was 
appmently absent from DIG-rich lakes (Fig. 65). In h i s  data 
set, the WA sudace-water kmpra$%~re opthum sf cyst cf- 1 16 
occurs at 118.SQC, with a tolerance from 17.4 to 19.5"@, 

Stomtocyst 309, Brown et a%. (1) Figs. 6-9 
NEGATIVE NUMBER: J.P. Smol 2937. 
LWALEY: 0-0-5 cm, Y6 (6I021'N, 135"39'W), Yukon 

Territory, Canada. 
B I ~ L ~ I C A L  a w r N I a Y :  Unhswn. 
SEM D E S C ~ ~ I O W :  This stomsl%ocyst is smooth and spherical 

(diam. ca. 6.4 pm). The regular pore (dim. ca. 8.4 pm) is 
set in a deep concave depression and has a convex annulus 
(diam. ca. 1.7 pm). A very low, conicd collar projects from 
the body (diam. ca. 2.1 pm). 
LM DESCM~IOPQ: In apicd view, cyst 389 may resemble 

similarly sized specimens of cyst 388, but generdly the pore 
diameter sf cyst 308 is larger (the annulus ccaf cyst 389 will 
appear planar in apical view). In'apicd view, it may not be 
pssible to distinguish cyst 309 from stomatxysts 146 (Piewitz 
et d. 1992) and 156 (Zeeb and Smol B993b). In cross 
section, the prominent convex annulus should d1ow for 
easy iagification. 

Stomatocyst 3 18, Brown et d. (1) Figs. 18-12 
NEGATIVE NUMBER: J.P. Smo1 291 1. 
LOCALITY: 0-0.5 cm, Y 16 (63"45'N, 137"43'W), Yukon 

Territory, Canada. 
BIOLmICAL AFFINITY: UdXKWn. 
s s ~  ~ a s c m m ~ o ~ :  This is a Barge, smooth spheried 

stomatocyst @am. ca. 13.7 pm). A swollen annulus SUE=- 

rounds a regular pore (di8m. da. 1 .O gm), and an extremely 
low, conicd collar projects from the body (dim. m. 7 .O pm). 

LM D E S C ~ ~ I O N :  This stomtocyst is similar to stornats- 
cyst 1 12 (Zeeb et d. 1990 emend. Duff and Smol 1994), but 
the collar apex of cyst 310 is not as rounded, thick, or high 
as 1 12, nor is the annulus of cyst 3 10 planar. 

Stomatocyst 311, Brown et d .  41) Figs. 13-18 
NEGATIVE NUMBER: J.P. Smol 3403. 
LOCALITY: 0-0.5 em, Y3 (moU'N, 135"02'W), Yukon 

Territory, Camda. 
BlOLOGICAL AFFINITY: Unh0VJIl. 
SEM D E S C ~ ~ I O P S :  This is an unusual. stomatocyst. Despite 

considerable efforts, ody one SEM specimen was found. 
This rnoqhovpe is p y r a ~ d d - s h p e d  (length ta posterior 
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Table 2. Previously described stomtocysts that were obsemed in 49 Yukon and Ngsfiwest Territories lakes. 

Cyst morphstype Biological affinity (mainly from Duff et d. 1995) Specimen notes 

97 
HII" 

Mallomonas psedocoroaeata Prescstt (Srnsl 1984) 
At least two Paraphysomonas species (Preisig and 

Hibbed 1982, 1983) 
At least one species, Ch~so%epidomoms dedr~jepbdaa 

Peters & Andersera (Peters md Andersen 1993) 
At least one species, ChysosphereIla breprispigagg 

Konhikov emend. Harris et Bradky (Harris and 
Bradley 1958) 

Not a stomatrscyst but the silicified vegetative cell of 
C h ~ s o c o c e m ~ r c a e m  @dgoff) NisQ1ls (NiehoUs 1981) 

Appears to be similar to cysts producd by Epbyxis 
species, particularly Epipyxis tubulm (Mack) Hilliard 
& Asmund (HaBkd and Asmusad 1963) 

Dinobqon q l i d ~ c u m  Imhof (Donddssn and Stein 1984) 
At least two species, S4pnug.a petersenii KorsUov and 

Ch~sospherel&$ long&pim Eauterbom emend. 
Nichdls (Smdgrepa 1989) 

Resembks ChvsosphaereHla loiagispi~a Lauterbom 
emend. Nieholls (Sandgrew 1989) 

Urogbeno species prduce similar cysts (PA* Siver, 
Duff et d. 1995) 

produces a larger cyst 

(Skogs~d 1986, Chro 
Preisig & Hibberd; McKemie & Sing 198 

Maliomm ak 
Perhap ChvsospBesreaella longispim Lauterborn emend. 

Nicholla (Sadgrew 1989) 
Chvsococaks fireatus (Dolgom Nicholls (Nichslls 1 98 1) 
Resembles Ochmrnoms sphemqst is  Matviedo 

(Andenen 1882) but smaller 
Unhoww, although m y  species of Uroglem produce 

cysts with hooked co1lat projections (BoumeUy 195'7; 
Nygaard 1977; Comd 1938) 

D i n ~ b ~ o p a  divergens Imhof (Sheath et d . 1975 ; 
Sandgrew 1980.a) 

M a l b m m  crmsdsqwm (hmund) Fott ( G E ~  et d. 1979) 
Madlornonas cadathe Ivmoff emend. bieger (Cronberg 

1988) 
Probably Chvsidiastmm catemam Laukrbom (Sandgren 

1983a) 
Spinqer~rnms bo&grrelQe' 9% 

Reymond 1989) 
M a l b m m s  Aemta Asmusad a d  Ms heterospB'~l[a Lurid 

produce these cyst types (Crowberg 1989) 
Uroglma VOIWX Eh~nberg (Gstiamen 1980) 
U&nown 
Very likely a variant of Dinobvon egilind~cum Pmhof 

(knddson and Stein 1984; Sandgren 1980b, 1981, 
1983a, 1983b, 1989) 

Unknown, dhough many Parapnysomws species 
pmduce similar types (T&&ashi 1987; Preisig and 
Hibberd 1982, $983) 

Camegia willingtrnien~is Conrad 1940 WmEmdinghm 
1964) 

- - 

&re fom of many species 

May be imamre  fom of many species 

May be immature f ~ m  sf m a y  species 

The cyst produced by this species is 130 

re fom of many species 

Less mature cysts of C- longispina seem identical to 
cysts 120 or 42, depending ow size (Sandgrew 1989) 

May be immature fom sf many species 

May be immature form of many species 

Identificaion of specimen in this study is based ody on EM 

- 

*Movhsvpe used in the ordinations. 
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Figs, 2, 3. St~mt~acgrst 308. SEM (Fig. 2) and LM (Fig. 3). Figs. 4, 5. Stomatocyst cf. 116. SEM (Fig. 4) and LM (Pig. 5). 
Rgso 6-9. Stomtwyst 309. SEM (Figs. 6 ,  '9) and LM (Figs. 8,9) .  Rgs. I@- 12, Stomatocyst 3 16. SEM (Fig. 18) and EM (Figs. 1 I ,  112). 
Scale bars = 2.68 p.m. 
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Figs. 13 - 18. Stamatocgrst 3 I I.  SEM (Figs. H 3, 14) and LM (Figs. 15 - 18). Fig, 19. Stomatocyst 67. SEM, Figs 20. Stomatocyst 3 82. 
SHM. Figs. 21-24. Stomatocyst 3 13. SEM (Figs. 21, 22) and LM (Figs. 23, 24). Fig. 25. Stomatocyst 314. $EM. Scale bars = '22. pm. 
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pe& ca, 3 -4 pm; wid& @a. 5.0 pm) Zld 8Elll~g$tb. A ~ ~ Z I E B Z ~ ~ "  

annulus (dim. ea. 2.3 pm) snmounds a "pore9 with a 
diameter of ca. f -9 pm. A low cylindricd collar extends a 
diameter sf ca. 3.0 pm. It is nncemin whether the pore is 
redly accurately defined; it is possible ha t  delicate omamen- 
tation m y  not have wihstood the sample preparation, as it 
is unusual to see such a large pore diamekr in relation to 
the stomatscyst body. This notion is possibly suppoeed by 
Fig. 17 in which the outline of a smdkr pore is visible, but 
further confirnation with SEM is weeded. 
LM D E S C W ~ I ~ ~ N :  This stomatocyst is very distinctive 

due to the very wide collar-pre region, although its shape 
is variable. 

ECOLOGY: Cyst 3 1 1 is a moqhoqpe that prefers relatively 
Cl- rich waters and is found at relatively higher latitudes. 
Cyst 3 1 f was excluded from the WA surface-water tempera- 
ture model because it was ody encountered in two lakes. 

Stomatocyst 67, Duff and Smol (198%) emend. Brown 
et d. (3) Pig. 19 

NEGATIVE NUMBER: 1.P. Smol 2476. 
LWALITY: 0-0.5 em, Y33 (69"29W, f32"19'W), N o d -  

west Territories, Canada. 
BrnoLmIcwls APnNn-r.et: U h o w n .  
SEM D E S C N ~ I O N :  This is a sphericd stomatoeyst 

(diam. 6.6-7-5 Frn; original description 7.9 pm). The 
shallow, concave pore has a &meter s f  0.4-8.8 pm. 
The anterior surface is covered irregularly with scabme 
(diarn. 8.1 pm) , and the posterior is covered irregularly with 
vermcae (dime 0-3  ym). 

LM D E S C M ~ I B N :  Stomatocyst 67 can be distinguished 
from stomatocysts 140 and 14 1 (Duff et do 1992) and 286 
(Duff and SmoH 1994) because it lacks a collar. 

~ P E E N C E S :  This stomatocyst appears to be similar to cyst 
17 from Crawford Lake, Ontario, Cma& (Ryb& et d. 
1987), dhough the diameter range of cyst 17 is larger 
(313.8- 13.4 pm). Cyst 18 (Smdgrew and Carney 1983) from 
Frains Lake, Michigm, U.S.A., appears similar, with a 
diameter of 9.3 - 10. f pm. Vigna (1 985) also has a compar- 
able moqhoqpe, cysta 8 (dim, 6.8 -6.5 pm, pore 0.5 pm), 
from Lake Nhuel-Huapi, Argentina. 

EC~LQGY:  This stomatocyst was found in waters with 
rdatively high concentra~ons of Cl-, and at relatively high 
latitudes (Fig. 65). In h is  data set, the WA surface-water 
temperamre optimum of stomatocyst 67 is estimated at 
17.4"C, with a tolerace from 16.4 ts 18.7"C. 

Stomatmyst 312, Brown et d. (1) Fig. 20 
NEGATIVE NUMBER: J.P. Smol 2399. 

EITY: 0-0.5 cm, Y24 (Q8"1SPN, f33"22'W, North- 

s s ~  sEscMmmsN: This is a smdl, spherical stomatscyst 
(dkm. ca. 4.6 pm), A regular pore (dim. ca. 0.2 pm) is 
sumonndd by a plLmar mnulus (dim. a. 1 -2 pm) . The ]low 
collar is cylindkcd (dkrn. ca. 1.4 pm). The ornmentation 
consists sf regularly 8 ~ 8 @ ~ ~ d  vermeae (about 45 in this 
view, d im.  0.3 pn, 0.5 pm apart on average). 

EM D B ~ M ~ I O N :  This cyst is easily distinguish4 using 
LM because sf its wide collar and ornmenhtion (vermcae) 
as described above. 

REFERENCES: This stomat~cyst is similar to cyst 17 from 
Prains Lake, Michigm, U.S .A. (Sandgren and Carney 19831, 
but only in their Fig. 18, md not in their Fig. 19. However, 
the repofied dimeter range of their cyst is much larger 
(8.3-10.7 prn) than that of cyst 314. 

ecomey: Cyst 3 12 was found in lake 324% which had the 
maximum values of total phssphsms (filtered) (34.1 pg/E) 
and SWP (10.1 mgbL) among d l  lakes investigated. 

Stomtocyst 313, Brown et d. $3) Figs. 21-24 
NEGATIVE NUMBER: %.Pa Smol 2584. 
LWALITY: 0-0.5 em, Y50 (68"25%, E33"22'W), North- 

west Temitories, Canada. 
BIOLOGICAL AFFINITY : Unh~$ra"n. 

ION: This is a large, spheric& stomatocyst 
(diam. 9.0 - 10.3 pm) with a convex collar (base dim. 3.5 - 
3.7 pm; height 1-6 pm; apical diam. 1.7-2,0 ym). The 
pore mo~hology is u h o w n ,  but it appears that the inner 
margin of the collar is straight. Vemcae (dim. 0.3 - 0.4 pm) 
adorn the body and even the collar, in a reg~lar, moderately 
dense paaem. 
EM DESCM~ION: This stomatocyst has the same general 

shape as that of stomatocyst 126 (Duff et d. 1992) and 
stomatocyst 190 (Zeeb and Smol in Zeeb et d. 1996a). 
However, both 126 a d  198 are smooth, and 126 is much 
smdler than cyst 313. 
mmm~c~s: A questionable mtch of cyst 313 may be 

Cysfa dc~iltcata ((Nygad 1956) desc~bed from Lake Gribsa, 
Demark, which has a &ameter of 31 1.2 - 1 1.7 pm (eol%ar 
height 2.2 pm; collar base 3 -2 pm; collar apex 2.0 - 2.2 pm) . 
ECOLOGY: This stomatocyst was found in waters with 

relatively high concentra~ons of el-,  and at relatively high 
latitudes (Fig. 65)- In this data set, the WA surface-water 
temperamre optimum of cyst 3 13 occurs at 17,4"C, with a 
tolerance from 16.5 to 118.3"C. 

Stomatocyst 314, Brown et do (1) Figs. 25 and 26 
NEGATIVE NUMBER: B.P. Sl?20l 2913. 
L o e a L l r w :  0-0.5 em, Y%B (63"45WN, 137"43'W), Yukon 

Territory, Canada. 
BIOLWECAL AFFINITY : Unhown. 
SEM DBSCN~ION: This is a sphericd stomatocyst (Qiarn. 

ca. 6- 6 pm) with a thick, sbeonied collar @eight ca. 0.7' pm; 
diam. ca. 2.5 ym) and a regular pore (diam. ca. 0.5 pm). 
The body is blanket4 with vermcae (dim. 0.3 pm), which 
often h e  to form ridges (length 8.4 -0.5 pm; height 0.2 gem). 

LM D E ~ N ~ E B N :  This cyst is easily Qis%ineish& using LM 
based on the collar shape and body omamenbtion (vermme 
and ridges) described above. 

Stomatocyst 315, Brown et ale (1) Fig. 27 
NEGATIVE NUMBER: 1.P. Smol 25 15. 
LOCALITY: 0 -0.5 cm, Y36 (69" BO'N, 133" 16'W), North- 

west Territories, Canada. 
BIOLOGICAL AFFINITY : U ~ O W ~ .  
SEM DEsemmlopa: This is a spherical stomatocyst (dim. 

ca. 11 -2 ym) with a hooked collar, similar to stomatscysts 
produced by Bi~obvopa species. The collar base is wrinkled 
(dim. ca- 2.8 pm), and the coH%ar apex has a diameter of 
ca. 1.4 pm. Very rounded, regular vermcae of varying 



Fig, 26. Sbmatocyst 314. SEM. Fig. 27. Stomtocyst 315. SEM. Figs. 28-30. Stomat~cyst 316. SEM (Fig. 28) and LM (Figs. 29, 38). 
Figs. 31-33. Stowlittocyst 317. SEM (Figs. 31, 32) and LM (Fig. 33). Figs. 34, 35. Stomatocyst 31 8. SEM. Scde bars = 2.8 pm. 
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diameter (0.3- 1.8 pm) cover the stomatocyst body (58 in 
this view) and form a ring around the collar. 

EM D B S C W ~ H O N :  This eyst is easily distinguished using 
LM based on the hooked collar and b d y  ornamentation 
(vermcae) d e s c ~ k d  above. 

Stamatocyst 316, B r o w  et id. (1) Figs. 28 -36 
NEGATIVE NUMBER: $,Pa Smol 2158. 
LOCALITY: 0-6.5 cm, Y10 (63"O%'N, 136"28W), Yukon 

Territory, Canada. 
BIOLOGICAL AFFINITY : Bfnh~wn .  
SEM s ~ s c w m l s ~ :  This is a very large, spherical stomato- 

cyst (&am. ca. 22.9 pm) with a long, narrow, cylindrical 
c o h r  (dim. ca. 3.8 pm). UnfomnateHy , the pore is obscured. 
The ornamentation casis ts  of conula (d im.  6.3 pm, 30 in 
&is view) &at are scattered irregularly but in a moderatdy 
dense pattern. 

EM DDESGM~IOXUI:  This cyst is easily distinguished using 
EM due to the large body size and the narrow collar, in 
addition to the body orwamenQtion (conula) described above. 

Stomatocyst 317, Brown et dm (2) Figs. 31-34 
NEGATIVE NUMBER: J.P. Smof 2334. 
LOCALITY: 0-0-5 cm, Y 19 (a039'N,  138"23'W), Yukon 

Territory, Canada. 
~ r o m E c A L  AFFINITY: Unhown. 
SEM DESCMmION: This is 8 spherical s ~ O E E ~ ~ O C ~ S ~  

(dim.  9.6 -9.7 prn) with a conical, fdse complex collar 
(d im.  2.8 - 3 -5 pm; height 1 1. 1 pm) . The collar has lateral 
struts, which project about 6.3 pm beyond the apex. The 
regular pore has a dimeter of 8.7 -0.9 pm. The body is 
unifordy o rnmen td  with eonula (diam. 0.3 pm, 50 in 
this view). 

EM ~ ~ s c ~ m 1 9 a p r :  This eyst is easily distinguished using 
LM due to its unusud collar shape. 

Stomatocyst 418, Brown et d. $7) Figs. 34 -39 
NEGATIVE NUMBER: J.P. Smol 1899. 
E ~ A L I T Y :  0-0.5 em, Y6 (61 "21'N, 135"39'W), Yukon 

Territory, Canada. 
BI~LOGIC AL AFFINITY: Unhown. 
SEM D ~ ~ r n m H o F 9 :  This is a sphericd stomatocyst (d im.  

4.4-5.5 pm) with a thick, cylindricd collar (d im.  8.8 - 
f .O pm; height 0.8 - 1.3 pm) that is law on immature speci- 
mens, but IenNens as the stomato~yst develops. A full pore 
is visible on ody  one specimen, but it is i 
therefore not desirable as a type specimen. The regular pare 
has a diameter of ca. 0.4 pm and a narrow annul 
embody the stomtocyst in a regaahr pattern. On 
sp im ens ,  the spines begin as conula (diam. 8.4 pm, lengh 
0.4 pm), but as the stomatocyst matures, the spines develop 
from baculate and Munt to longer and echinate (up to B .0 pm 
in length, dimeter 0.4 pm). 

EM DESC~PTION: Cyst 3 18 is very similar to stomatocyst 
3 1 (Duff and Smol 1989); however, cy sf 3 18 does have an 
annulus, dthough &is was rarely observed using LM. The 
most distinguishing feature of cyst 318 is the lower density 
of its ommentation, compared with stomatocyst 31. 

R E F E ~ N C E S :  A simila stomatoeyst was obsemed by 
J .  Webb (unpublished data) from Hawk Lake, N.W.T., in 
the marine period of this I&eSs sediments. Webb's cyst is 

slightly larger (diam. 6.4-7.4 pm) but does bear a likeness 
to cyst 3 18. Cyst 7% (Duff and Smol 199%) from the sedi- 
ments of a lake in Adirondack Park, New York, U.S. A., also 
resembles cyst 318, although it is described as ovd and much 
larger (12.0 x 13.7 pm). 

E e o L o e Y :  This stomatocyst was found in waters with 
relatively low concentrations of C1- and at relatively low 
latiades (Fig. 65). In &is data set, the WA surface-water 
temperature optimum of cyst 3 18 occurs at 17.3 "C, with a 
tolerance from 14.6 to 20.0°@. 

St~matocyst 319, Brown et d. (1) Figs. 48 and 41 
NEGATIVE NUMBER: J.P. Smol 2379. 
LOCALITY: 0 -0.5 cm, Y22 (68" 1 1 'N9 133 '27'W), North- 

west Territories, Canada. 
BIOLOGICAL AFFINITY: Unhown. 
SEM D E S G ~ ~ I O N :  This is a small, sphericd stomatocyst 

(dim.  ca. 4.8 pm) with a regular pore (diam. ca. 0.3 ym) . 
Six short, baculate spines (d im,  ca. 0.2 pm; length up to 
ca. 0.6 pm) are visible in the posterior hemisphere. 

LM D E S C ~ ~ I O N :  This stomatocyst was identified oken 
using LM; it can be distinashed from stomatmyst 4 (Duff 
and Smog 1988), because the latter has a greater density of 
spines tihat tend to have hooked apices. If the depressions on 
stomatocyst 5 forma A (Duff m d  Smol 1988 emend. Buff 
and Smol 2994) are not visible, cyst 3 19 c m  be distinguished 
by the lack of a edlar. 

ECOLOGY: This stomatmyst was found in waters with 
relatively high eoncentra~ons of PN and in relatively warm 
waters, m d  was seemingly indifferent to DI@ concentrations 
(Fig. 65). In this data set, the WA surface-water t empraare  
optimum of cyst 3 19 occurs at 18.2 "C,  with a tolerance from 
15.7 to 20.8"C. 

Stomatocyst 320, Brown et d. (1) Figs. 42 and 43 
NEGATIVE NUMBER: J.B. Smol 2554: 
LacpiLnTY: 0-0.5 cm, Y46 (68"29'N, 133"39'W), North- 

west Territories, Canada. 
BIOLOGICAL AFFINITY: UnhoVJn. 
sard D D E S C ~ ~ I B N :  This is a large, sphericd stomatocyst 

(diam. ca. 19.6 pm) with a very %ow, cylindried collar 
(diarn. ca. 3.6 pm). The pore area is obscured by a plug in 
this specimen. Five thin echinate spines (some broken; 
d i m .  ca. 0.7 pm; length up to @a. 5.5 pm) are located in the 
posterior hemisphere. 
LM B E S C N ~ I B N :  This cyst is easily distinguished using 

LM due to its collar and spines (described above). . 

Stomatocyst 3211, Brown et al. (1) Pigs. 44 and 45 
NEGATIVE NUMBER: 3.p. SPFBO~ 2414. 
LOCALITY: 0-0.5 em, Y25 (68"24W9 133"42'W), North- 

west Territories, Canada. 
BIOI.DGICAE AFFINITY. UdCll6~n. 
SEM D E S C U ~ I ~ N :  This is a small, spherical stomatoeyst 

(diam. ca. 4.8 pm) with an obeonicd collar (base diam. 
ca. 1.2 ym; apical diam. ca. 1.6 prn; height ca. 0.9 gem). 
A sloping planar annulus (diam. ca. 0.7 pm) surrounds a 
regular pore (diam. ca. 8.4 pm). Many long, thin, curved 
ridges (height ca. 8.2 pm; length up to ea. 2.1 pm) ornament 
the anterior hemisphere of &e cyst, while shorter and 
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Figs. 35-39. Stomtmyst 318. LM. Figs. 40, 41. Stomatovst 319. SEM (Fig. 40) and LM (Fig. 41). Figs. 42, 43. Stomatocyst 320. 
SEM. Figs, M,6. S t s m t q s t  321. SEM. Figs. 46-4. Stomtmgrst 322. SBM (Figs. 46,471 md LM (Fig. 48). Figs. 49,SO. St~mtmyst 183. 
SEM (Fig. $9) and EM (Fig. 50). Scde bars = 22. pm. 



854 Can. J. got. VoI. 75, 1997 

Figs. 51,52. Stomat~sgrst 104. SEBJI (Fig. 51) and (Fig- 52)- rounder @eight up to ea. 0.7 ym; length @a. 0.9 pw) ridges 
Pig, 53, Stomatocyst 323. SBM- Fig. 54. Stomat~~ysg 324. SEM. encircle the posterior hemisphere. 
Sc Je bars = 2.0 gam. LM DESCMWISN: This cyst is essay distinguished using Lh4 

based on its collar ard body ornamen~tion (described above). 

Stomatocyst 322, Brown et d. (4) Figs. 46 -48 
NEGATIVE NUMBER: J.P. Smol 1922. 
LOCALITY: 0-0.5 cm, Y6 (6% "2%W9 135"39'W), Yukon 

PBPerritoq Canada 
BIOLOGICAL AFFINITY: Likely produced by a ,Mallomonas 

species. 
%EM D E S C N n I B N :  This a large, O V ~  stomtocyst (18.7 - 

19.8 x 14.6-17.3 pm) with a concave pore (diam. 1.2- 
1.4 pm). A very low, conical collar is present (dim. 2.9 pm). 
A mgulate reticulum, tending to form small, wavy, and 
curving chapaneis, encsmpasss the cyst body. 
LM D E S C M ~ I S N :  Cyst 32% may be cowhsed with Mal&o- 

monas caudata (stomatoeyst 1177: Zeeb and Smol 1993b); 
however, the mean diameter sf  cyst 1177 is 27.0 prn. The 
p r e  area of cyst 177 differs greatly, as does the reticulum 
pattern (cyst 177 has a reticulum that foms many srnda%l 
circular lacunae). Also, cyst 322 is s v d ,  whereas cyst 277 
tends to be spherical. Cyst 229 (Duff and Smol 1994) is 
similar to cyst 322 in size and surface ornamen&ticsn, but 
has a larger pore7 an irregular pore margin, and is dways 
spherical. 

Stomatocyst 103, Duff and Srno1 (199%) emend. Brown 
d ale (1) Figs. 49 and 50 

NEGATIVE NUMBER: J.p, Sl'Il01 2260. 
LOCALITY: 0-0.5 ern, Yf4 (6a059'N, 135°22pW), Yukon 

Territoq , Canah. 
BIOLOGICAL AFFINITY: Unhown. 
SEM m s e e g l m I o w :  This spherical stomatocyst was srigi- 

n d y  desc~bed by Duff and Smsl (1991) from an acidified 
1&e in Adirondack Park, New York, U.S,A. They had only 
a single SEM specimen with a short cylindric& to conicd 
collar. Cyst 103 was observed often with LM in this study 
md an excelknt SEM was obtained. Our specimen is 12.3 pm 
in diameter, and has a low, cylindricd collar (&am. ca. 
1.9 pm) surrounding a regular pore (dim. ca. 1.1 pm). 
A number s f  faintly rimmed depressions (12 visible sn the 
single S E M ;  diarn. ca. 1.0 pm; the rims are more apparent 
using LM) ornament this stomatocyst. 
LM D E X N ~ I ~ N :  Cyst 183 is identified by its large size, 

cgrlindricd collar a d  shallow circular depressions. 

Stomatocyst 11M9 Duff a d  Smol (1991) emend. Brown 
et d. (1) Figs. 5 1 and 52 

NEGATIVE NUMBER: 9.9, Smol 2884. 
LOCALITY: 0-0.5 cm, Y 16 f63'45'N9 137"43'W), Yukon 

Territory, Canada. 
BIOLOGICAL AFFINITY: Unknown, 
SEM D E S C ~ ~ I O N :  This cyst was stigindly dexribed by 

Duff md Smol(E99l) from an acidified lake in Adirondack 
Park, New U. S. A. They obxmed only a single broken 
specimen (diarn. 13.4 pm) lacking pore and collar details. 
Our specimen is sphericd (diam. ca. 13 -9 pm] with, shdlsw 
depressions dispersed on its surface (16 visible in the view 
of this specimen; d i m .  ea. 1,0 pm). The collar area is 
conicd (dim. ca. 4.4 pm), and the pore appears to be 
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covered by a plug. However, based on the LM, it is possible 
to discern a pore (diarn. ea. 1 -0 pm) . 

EM B E S C ~ ~ I O N :  Cyst 104 differs from cyst 103 (described 
above) in its collar mophology; the former is distinguished 
by its wide, conical collar. 

Stomatocyst 323, Brown et al. (1) Fig. 53 
NEGATIVE NUMBER: J .  P. Smol 2945. 
LOCALITY: 0-0.5 cm, Y6 (61'21 W9 135"39'W), Yukon 

Territory, Cam&. 
BIBLOGICAL AFHNITY: U ~ ~ O W H B .  
SEM D E S C M ~ I O N :  This is a sphericd stomtoeyst (dim. 

ca. 5.0 pm) with a thick, cylindried collar (dim. ea. 1.1 pm) 
surrounding a regular pore (dim. ca. 0.3 pm)- Coada 
(dim. 0.3 pm) are scgmrd im@uIy a d  spwsely (15 in this 
view) on the surface, and two long, echinate spines (length 
up to ca. 9.6 pm) extend from the posterior hemisphere. 
LM D E S C ~ ~ I O N :  This cyst is easily &stinmished using LM 

based ofi the spines md body o tion ( d e s c ~ w  above). 

Stomatocyst 324, Brown et d. 3%) Fig. 54 
NEGATIVE NUMBER: J.P. Smol 2188. 
LWALITY: 8-0.5 cm, Y8 (62"%1'N, %36"15W), Yukon 

Temitoq , Canada. 
BIOLOGICAL AFENITY: U&aBd&rna 
SEM D E X ~ ~ I O P Y :  This is a large, aphericd stomatocyst 

(diarn, ea. 16.0 pm) with a cylindricd collar (diam, ca. 
1.0 prn; height ea. 0.8 prn). Pore msphslogy is unhown. 
The body is regularly covered with seabrae (diam. 0.1 pm), 
and the poste~or hemisphere has two Isng, thin, seaight 
ridges @eight up ta caa 1.8 pm, length up to 5-0 pm). 

LM BBSGM~IPN:  This cyst is easily distinguish4 using EM 
based on the narrow collar and distinctive posterior ridges. 

E c o m e u :  Cyst 324 was only obsewed in lake YS, which 
had high vdues of both TKPd md TN (1299 and 1403 pgL, 
res~ctively ) . 

Stomatocyst 325, Brown et d. ('7) Figs. 55-61 
NEGATIVE NUMBER: J.P. S m ~ l  3702. 
LWALITY: 0-0.5 em, Y1 (60Q39PN, 134'57'78$1), Yukon 

Territoq, Canada. 
B J B L ~ I C A L  AFRNITY: Unhown. 
SBM D E S C H ~ I O N :  This is a sphericd stomatoeyst (dim. 

5 -0 - 5.7 pm) with a regular pore (diam. 8.4 ~ m )  sumunded 
by a cylindric& collar (dim. 1.0 pm; height up to 1 -0 ym). 
The omamenktion eonsists sf curved ridges (length up to 
1.5 pm, height up to 0.5 pm) eveqwhere on the body except 
the upper anterior hemisphere. Up to four echinate spines are 
located randody. Cyst 325 has vaked shges of develop- 
ment, evident in collar height, ridge length, and spine forma- 
tion. The immature spmimens have low, irregular collars, 
short, curved ridges, and short exbinate spines. As the cyst 
matures, the ridges become thicker and wavier, and the 
spines extend up to 7.2 prn (diam. 0.4 -0.5 pm), often 
curving or branching. 
LM D E S C M ~ I O N :  This cyst is easily distinguished using 

LM based on the ridge and spine pdterns (dexribd above). 
ECOLOGY: This stomatoeyst was found in waters with 

relatively high concentrations of DIC, and was seemingly 
in&Eerent to sudace-water temprawe md PN concentrations 
(Fig. 65). 

Stomtocyst 326, Brown et d. (1) Fig. 62 
NEGATIVE NUMBER: J.P. Sm01 2242. 
LOCALITY: 0-0.5 em, Y13 (63"59'N9 135"24'W), Yukon 

Territory, Canada. 
BIOLOGICAL APWNIT'BP: U ~ ~ O W R .  
SEM D B S C ~ ~ J B N :  This is a sphericd stomtocyst (diam. 

ca. 5 -5 pm). A swollen psedomndus (diam. ca. 1.8 pm-rr) 
surrounds a regular pore (diarn. ca. 0-4 pm). There are three 
arcuate ridges (length up to cab. 3.2 pm; height up to ca. 
0.8 pm) originating from the pore region, visible in this 
view. Conula (dbarn. 0-3 pm, 2% in this view) are scauered 
on the bodys mainly in the posterior region. 

LM sasc~m~osa: This cyst is easily dis~nguished using 
EM due to the distinctive aacuate ridges (descrikd above). 

Unidentified stomatocyst 35 p ig .  63) 
LWALITY: 8-0.5 cm, Y36 (69"16'N, 133"16W), North- 

west Territories, Cmada. 
BIOLOGICAL AFFINITY: U&o$%rn. 
LEA D E S C M ~ I O N :  This is a large stomatocyst (diarn. 

ca. 18.5 pm), with a thick cylindficd esnar (dim. ca. 8.8 pm; 
height ca. 2.8 pm). It appears that the regular gore (dim. 
ca. 1. % pm) has an annulus (diam. ca. 7.8 pm). 

Br&na&ions 
A DCA show& that both the first and second ordination axes 
are 2.2 standard deviations (SD) from h e  mean (Al = 0.27; 
XZ = 0.19). Gradient l e n g ~ s  greater than 2 SB indicate 
that unimodd, rather than linear, analyses are appropriate 
(ter Bra& md Brentice 1988). 

The eigenvdues of CGA axis 1 (0. % 9) and axis 2 (0.12) 
account for 1 3 -4 % of the cumulative variance in the weighted 
averages of the stomatwyat data. High species -environment 
corrdatisns of CCA axis I (0.88) and axis 2 (8.84) were 
recorded. The significance of the first and second axes were 
tested by 1000 Monte Carlo prrnubtion tests, resulting in a 
significant first axis ( p = 8.81) and second axis (p = 8.01). 

Forward selection of environmentd variables (with sig- 
nificance testing of 1008 Monte Carlo un~stricted permub- 
tion tests; p < 0.05) resulted in a subset of four variables 
that best expl&n the species data (i-e,, chloride (GI-), dis- 
solved ino~gmic carbon (DIC), surface-water temperature 
(TEMP), and paaiculate nitrogen (PN)). These four vad- 
ables explained 32.5 9% of the totd measured variance (E .e., 
Cl - 34.8 % i$, dissolved inorganic carbon (DIG), 23.3 76 , 
TEMP 23-3 9% PPN 1 8.6%). Csns&~ned CCAs were executed 
to assess the independence of the selected varhbles, and 
unrestrickd Monte Cado permuhtisn tests were used to 
determine statistied significance ( p  < 8.85). 

CCA axes 1 and 2 mainly separate higher latitude lakes 
(arctic tundra) with higher concentrations s f  Cl- from lakes 
with higher surface-water temperatures (TEMP) and higher 
PN concentrations at lower l a ~ u d e s  (Fig. 64). Sites in the 
upper right quadrat (e. g . , Y 1, "93, Y3 1, Y42) tend to have 
the highest DIC concentrations (and are correlated to the pas- 
sive variable conductiviq (CBND): Fig. @). Chqsophyte 
stomatocysts in the lower left quadrant s f  the biplot are 
mo~hotypes (e.g., YUK-2, YUK-4, 231, 1'84, 101) that 
appear to favour higher TEMP and concentrations of PN, but 
lower DIC concentratbns (Fig. 65). 
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55-61. Stomatocyst 325. SEM (Figs. 55-59) and EM (Figs. 60, 61). Fig. 62- St~matocgrse 326. SEM. Scale bars = 2.0 ybm. 
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Fig. 63. Unidentifid stomatocyst 35. LM. Scde bar = 2,6 ~ r n .  

WA idereme msdeBs 
A good statistical relationship between the stomatocysb and 
the enviromend variable to be r~onstmcted is necessary 
for reliable recsnstmctions of f&e-water chemistry. The 
eigemvdues of the first axis in d l  four mnstrained CCAs 
(for DIC, CH-, TEMP, md PN) were siigificmt ( p  = 0.01). 
Models for all four variables were produced, but only the 
three most robust rnodds (lee., DIC, @I-, and TEMP) are 
shown here (Fig. 66). 

Simple WA regression of the 49-lake data set perfomed 
better than WA(,l) Neighted averaging with tolerance down- 
weighting), since the fomer produced eeconstmctions with 
a lower apparent root mean-squared error (RMSE) of predic- 
tion and had a stronger correlation between sbsewed a d  
inferred environmenM variables. Mthough WA with toler- 
mce downweighting should theoretiedly improve the model, 
in reality this is only the case if the data set is very large. The 
model for Cl- shows the least spread of points around the 
1: 1 line, whereas the sprezd of residuals seems greatest for 
surface-water temperamre (Fig. 66). We appreciate that the 
model for TEMP is weakend by the fact that a single surface- 
water temperature reading was assigned to the population of 
cysts identified &om the surface sdiments of each lake. 

Both h e  apparent and boo&trappd results are presented 
(fig. 66). It is impomnt to compare these results, as it is the 
bootstrapped model that most accurately reflects the mohls' 
predictive abilities. The bmtstrappd modelshpparendy 
poor perfmmances may be due to an inherent bias in the 
cyst assemblages which affects the resampling procedure. 
Psr example, there may simply not be enough (eRec~ve) 
occurrences of stornatoc y st morphoty pes in these lakes. 

The surface sediments of the 49 lakes in this data set con- 
tained a diverse and abundant chqsophycem stomatocyst 
flora consisting of over 350 mophoQpes. A totd of 19 new 
stomatocy st mowgshs5pes were described according to ISWG 
eidelines, The benefit of using surface sediment cdibration 
sets is ha t  they permit integrated smples of chqsophytes to 
be obsewed md studied, in contrast to standard phpopl 
samples from discrete Bevels in the water column, which may 
exclude important populations, since they are often short- 
lived, patchy, and seasond ((Sandgrew 1988). Nonetheless, 
there are dso  advanages for using live populations (e.g., 
%her and Hamer 1998). 

Eighty-oaae of the mophotypes were considered to be 
suficiendy common (i.e., they were observed in at least two 
lakes with an abundance > 1%) to be included in the ordina- 
tion andyses. Of these 81 mophoQpes, only 7 (8.6%) are 
new; most of the cyst mgs~hovpes that were included in 
the ordination andyses have been obsemed in sther Nofib 
American lakes (Duff et al. 1995). This is similar to a survey 
s f  60 lakes in British Columbia, Canada, where 110 stomato- 
cyst m o ~ h s ~ p e s  were included in the ordination mdy ses, 
7 of which were new (Zeeb and Smol 1995). Duff (1994) 
observed over 150 moqhovpes in 32 south-centrd Siberian 
lakes, and includd 10 1 r n ~ ~ h o ~ p e s  in sf atist ical and yses , 
including 19 moqho$$rpes that had not previously been 
observed (' 1 8.8 95 ) . However, in a surface sediment cdibra- 
tion set from the tropics which included ody 15 lakes (Zeeb 
et 1996b), a tstd of 105 stomatocyst mophoqpes were 
recorded including 1 8 new moqhovpes (l 7. H % ) . 

The stomtocyst morphotypes that were located around the 
centre of the @CA ordimtion bight (Fig. 65) are vpicdly 

n, cosmopolibn (i.e., generdist) ey sts (e.g., stomato- 
cysts 1 ,9 ,  15,29, 120,42,46, 189, and 150). Cyst 9 is very 
common md widely distributed (Duff and SmoH 1991) and is 
even found in $dine lakes (Pienitz et d. 1992). Cyst 15 is 
possibly produced by ChrysosphaereNo brevispi&, which 
is a scded chvsophyte that is a very common taxon found 
in the spring (Mardko 1994a; Kristiansen 1988; McKemie 
and Uing 1989; Wee and GabeE 1989). Siver (1993) found 
the maximum wcurrence of C* brevisps'na in Connecticut 
lakes to be during Febmay and Mach when it was found 
in over 48 75 of all his eo l~ t ions .  He repfis its occurrence 
in a narrow temperahre range with a weighkt mean ternper- 
ature of 6. 1 OC. Simgarly, Wee and Gabel (1 989) found this 
taxon in a narrow temperahre range (2 - l l ' C ) ,  although 
Donddson and Stein (1984) reported a wider temperamre 
range (8.9-22.5"C). 

Cyst 42 is possibly produced by Synura petersenii, which 
tends to be found in waters with conductivities up to 
455 pSdcm (Duff and SmoE 1995b; 11Gvdko %994a), and is 
one of the most common chgsophyte species (Kristiawsen 
1980; Siver 1995). In this study, ey st 42 is dso found in 
relatively high conductivity and lower temperature lakes 
(i.e., it dominated in arctic tundra sites). 

Cyst 1 18 is produced by the scaled chysophyte Ma&&o- 
rnsnas akr~akmos, found to be a generalist in this study. 
It has been noted as one of the most C B ~ H B P O R  cysts present 
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Fig. 64. Canswied comspondence analysis of sites and environmenhl variables from the 49-lake set in the Yukon and Nodwest Territories. 
The symbols represent sites sf the mzones  list& in the legend, and the numbers refer to the lakes sampB&. Solid arrows indicate 
ewvironmend variables that exert a sbtistically significant and indqendent influence ow the distrihtions s f  cyst moqhovpes, as detectd 
by fornard selection. Broken arrows indicate passive varbb1es. 

LEGEND 

Arctic Tundra 

6l Forest-Tundra 

Alpine Tundra 

Boreal Forest 

Fig, 65. Canonical comespondence analysis of stomatocyst moph~egrpee md environmenQl variables from the 49-lake set in the Yukon 
and Nohwest Territories. Cirdes represent individual cyst r n o ~ h o ~ p e s .  Solid armws indicate environmenhl variabEes that exert a 
s&~sbcdly significant and indepndent influence on the distributions of cyst moqhotypes, as detected by foward xfectiow. Broken 
arrows indicate passive variables. 
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Fig. 66. The relationship between mesrsn~d average and s t o m a t s t -  (A, B) dissolved inorganic carbon (DIC), (C, D) chloride 
(Cl-), and (E, F) surfam-water temperah= (TEMP) in the 49-lake set based on a simple weighed-averagiwg model without boobtrapping 
(A, C, E) and with hotstrapping @, D, H). 

A B 

0.2 0.9 9.8 1 2 

Measured DOC [mgPL) 

C 

Measured Chlgariefe (mg/L) 

14 1 @ 18 243 22 24 14 1 @ I I 268 22 24 
Me~sured Tempereture Measured Temperature ("6) 

in data cslleetions (Siver 1995). Siver (199%) described cyst at Isw concentrations sf TKN and Isw conductivity 
M. akrokomos as a cold-water, pH-, conductivity-, and conditiow~. Duff and Smol (1995b) dso found cyst 1 18 in 
nutrient-indifferent specks. Zeeb and Smo% (1995) found its low-csnductiviQ lakes. 
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Cyst 161 (produced by DinoBB~on divergens) is also 
cosmopoli&n (Duff 1894; Kristiansen 1980). Zeeb and 
Smol (1995) found it associated with colder lakes in British 
Cslmbia. Similarly, Buff and Smol (199%) found it in 
clear, caol, high-crpnductivi~ alpine lakes. Cyst 18Q was a 
generalist in this study. It has previously been reprted by 
Buff and Smol(1995b) in dpine lakes with high eonductiviQ. 

Stomatocysts 4, 3l ,94,  11 1, 115, 1%7/l78, 128 forma B, 
130, 17 f a r m  B, 23 1, and 232 formae A and B tended ts be 
found in lakes with relatively high TEMP, low mncentra- 
tions of DIC, and relatively high concentrations sf PN in this 
study. In support of these obse~at ions~ cysts 4, 94, 1115, 
117/178,231, md 232 formae A and B have previously been 
notd  in lakes with a medim value of 158 pSBcm (DUE and 
Smo1 &995&). Cyst 1 11 [Spin$eromonas triora&is) has previ- 
susly been recorded in waters with a temperature range from 
1.2 $0 25.T°C (&Zvdko 1%4a), has been described as 
C1- tderant (Ikzvdko 1894b), and has been linked to 
eutrophic conditions (reviewed in Zeeb et d aB. 1994). 

In this study, cysts that were found in lakes with relatively 
low TEMP, relatively high concentrations of DIC (and thus 
conductivity) , and relatively low concentra~ons of PN include 
stomabcysB 33, 41, 116 formae A and B, 135, 149, and 
209. S i ~ l a r l y  , cysts 41, 1 16 fomae A and B, 135, and 289 
have previously been noted in high-conductiviQ Bakes (Duff 
and Smol1995b; Zeeb and Smol 1993&, 1995). Cyst 41 was 
also found in low-~trogen Finnish and Swedish lakes @orrnQ 
1989). In contrast with the results of this study, both cysts 33 
and 149 have been repofied from low-conductiviq lakes 
(Duff a d  Smol 1995b). 

W e s  at higher l a~bdes  with relatively high conwntrations 
sf Cl- (i. e., arctic tundra lakes) suppo~ed stomatocysts, 
such as 166 and 204. Similarly, Pk8valko (1994b) classified 
Malkom~as crassisqggg%m9 which is believed to produce 
cyst 166, as Cl- tolerant. Cyst 204 was previously found in 
eutrophic, high-conductivi~ lakes (Cronberg and &istiansen 
1980; Duff 1994; Zeeb and Sm01 1995) and conversdy 
in low-csnductiviq l&es (Buff md Smol 1995b). Such 
conflicting findings suggest that cyst 204 can be desc~bed as 
a generdist at this time. 

Or&nation aad r e g r e ~ i o ~  models 
The first eigenvdue of the CCA (6.19) is considerably lower 
h n  that for the CA (0.27), indicating that the CCA has 
captured s d y  part of the variation, and other, perhaps more 
impomt  , vaiables responsible for stomatoey st asemblages 
fe.g., other c h e ~ c d  and phy sicd variables, herbivory, 
pathogens) have not been measured in h i s  training set. Such 
a low cumulative variance (13.4 % ) expIaining cyst distribu- 
tions is common in complex ("'noisy ") data sets with m a y  
zero values and large numbers of species (Pdmer 11993). 

Despite the high degree s f  noise in the biolsgicd data, the , 

cyst diseibutions did show that they csuM be used to differ- 
entiate arctic tundra sites from hose of the other three ecs- 

m uneven spread, with no lakes present in the middle s f  the 
gradient (Fig. 66). e l -  is a dominating factor in the arctic 
tundra lakes which are all lseated close to the scem relative 
to the rest of the lakes in the data set. Conversely, the TEMP 
model displays the lowest predictive ability ((Fig. 66). 

MbougHa sb~sticdly significant ( p  -- 0.05) models for 
@I-, DIG, and TEMP exhibit low correlation coefficients 
compared with another calibration set of 60 lakes in British 
Columbia, the eigenvdues in this study were dmost identical 
(i.e., XI = 0-2 and A2 = 8.1: Zeeb and Smol 1995). In that 
study, Zeeb and Smol (1995) did not find that TEMP was 
significant in explaining cyst distributions, but C1- and DIC 

variables representing the main gradient of 
salinity. Cysts appeared to favour conditions sf decreased 
salinity (rZbo,, @mtstrappd r2) = 0.69 (r2 = 0.80) and 
RMSEb,, @oatstrapped roof mean-squared error) = 0.45 
Iog salinity units: Zeeb and Smsl 1995). Similarly, the eigen- 
values of a training set in south-centrd Siberia were Xi = 
0.22 and X2 = 8.16 (Duff 1994). In that study, salinity was 
an impop%aklt gradient In 29 Sikrisan l abs  (r2 = 0.77 and 
RMSEb,,, = 0.58 log salinity units). 

The chvsophyte cysts did not provide as strong a TEMP 
model as the TEMP model developed for diatoms from the 
same jake set (Pienitz et d. 1895), but our data indicate that 
chrysophytes may supplement pdestemperature inferenczs 
developed for diatoms. 

Although 19 new stomatocysts were described, this lake set 
did not contain a very distinc~ve chrysophyeean flora, but 
mostly included msrphsvpes from a variety of different ges- 
graphic regions, including arctic (Fig. I), temprate, and 
even some tropical sites (see Buff et 1995). Quantitative 
inference models were developed for reconstmcting C'I-, 
DII, and TEMP, with the best predictive relationship devel- 
oped for GI-. With hrther surface sediment calibration 
work fe. g., increasing the size of the data set and refining 
cyst tmsnomy), it is likely h a t  &ese transfer functions can 
be improvd. 
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