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MORPHOLOGY AND ECOLOGY OF
DIATOMS IN SEA ICE FROM
THE WEDDELL SEA

* D.B. Clarke, S.F. Ackley and M. Kumai

• INTRODUCTION whether these concentrations are due to mechani-
cal incorporation alone or are a result ot diatom

Diatoms are major primary producers of micro- growth in a protected environment.
bial biomass in the Antarctic. They are found both Three different ice types (frazil, congelation,
in the water column and in sea ice. Primary pro- and snow ice) have been found in the drifting pack
duction of diatoms in the water column has been of the Weddell Sea (Clarke and Ackley, in press).
used in the past to determine the productivity of Weeks and Ackley (1982) have described in detail
the Southern Ocean. the formation processes for both frazil and con-

During the winter, sea ice covers 20 x 106 km 2  gelation ice. Briefly, frazil ice is associated with
of the Southern Ocean surface, but in the summer dynamic, turbulent conditions in the water col-
melts back to cover 3 x 10' kml. Two processes umn where small ( "I 1 mm) ice crystals form,
enhance the effect of sea ice on primary produc- usually at high growth rates (> I cm/hr). These
tion. From fall to spring, sea ice reduces light pen- crystals are advected downstream by wind-
etration, thereby diminishing production in the induced circulation in the water column and pile
water. As light returns in the spring, diatoms in up into substantial thicknesses of ice in a short
the ice begin to reproduce (Buynitsky 1977, Hoshi- time period. Gow et al. (1982) reported up to 500'o
ai 1977, Meguro et al. 1967). In the late spring, as frazil ice during their 1980 cruise, while Clarke
the ice melts, the diatoms contained in the sea ice and Ackley (1982) and Ackley et al. (1982) found a
are released into the water column. Depending on predominance of frazil (7007o) during their 1981
the extent of reproduction within the ice, the po- cruise. In direct contrast to frazil ice, congelation
tential contribution of diatoms in sea ice to overall ice forms as large columnar grained crystals ( " I

. productivity could be significant. cm) resulting from the slow removal of heat from
Measurements of chlorophyll a concentrations the water under an existing ice sheet. After a few

indicate the amount of viable plant material pres- centimeters of ice have formed, the low thermal
ent. Peak chlorophyll a concentrations ranging conductivity of the ice limits the heat transfer and
from 3.8 to 2100 mg/m' have been reported for prevents growth rates greater than I mni/hr, and
different ice types and are considerably higher the rate continues to decrease as the ice thickens.
than in adjacent surface waters (Ackley et al. Congelation ice therefore forms more slowly and
1979, Bunt 1963, Burkholder and Mandelli 1965, over periods on the order of several weeks to
Clarke and Ackley, in press, Garrison and Buck, achieve the thicknesses reported by Clarke and

in prep., Hoshiai 1977, Meguro 1962, Sullivan and Ackley (1982). The third ice type-snow ice-is

Palmisano 1981). One question to consider is associated with the ridge-building process in the

L



Weddell region. Ice floes in the Weddell Sea may they may he a seed population" that i, rep,.m-
be covered by up to 30 cm of snow (Clarke and ,ible for the ,pring bloom in the +4ater cotlumn.
-ckley, in press). As ice floes collide and deform, Diatoms that are still viable after over+ intering in
they form ridges, the ice sheet is depressed belo" the ice may be the nucleus of the spring growth
sea level by the weight of the ice piled up in the after mehout, To confirm this it is necessar. to de-
ridge, and the snow at the base of these ridges termine species composition in the ice, rather than
often becomes infiltrated with sea water. Subse- just chlorophyll concentrations, and to ide'itify
quent freezing creates snow ice. those cells w4ith intact organic material. To this

From prior observations it appears that frazil end we have examined settled samples under an in-
ice initially concentrates biological material, verted light microscope to determine the ratio of
whereas congelation ice tends to reject it. Ackley empty to full cells. We have also delineated the S
(1982) and Garrison et al. (in press) have suggested species composition in our Wddell Sea pack ice
two physical mechanisms to account for the high samples with illustrative scanning electron micro-
concentrations of algae in young, thin ice samples: scope (SEM) micrographs of the morphologic
scavenging and nucleation. Reproduction alone characteristics of each species for future compari-
cannot be responsible for high concentrations in sons with water column assemblages.
this ice since doubling times are insufficient rela- The SEM provides the high resolution necessary
tive to the age of the ice. A conservative estimate to resolve internal and external features and thus
of the age of the ice is 24 hours, the ice growth rate allows positive species identification. Some of the
being I cm hr-' (Weeks and Ackley 1982). The morphologic features that are readily apparent
chlorophyll concentration is up to 50 times higher under SEM, but not always under the light micro-
in the ice than in the surface water. Therefore, us- scope, are the central, labiate, and marginal proc-
ing a doubling time of 0.75 doublings/day- 1, a esses of the Thalassiosira and the labiate and strut-
minimum of 8 days would be required. Ackley ted processes of the Porosira (see Appendix B for
(1982) and Garrison et al. (in press) suggest that terminology). Other features, indistinguishable
concentration by ice nucleation occurs when frazil without SEM, are the puncta forming the the fine
ice crystals nucleate on suspended algal cells. In striae on some of the Nitzschias or the puncta on
addition, ice scavenging occurs as a frazil ice the girdle bands of several centric species. In addi-

*i crystal travels through the water column to the tion, some of the Nitzschia specimens in our S
surface and collides with particles along the way. samples are quite small (2-5 pm) and would not be
Unlike nucleation, through scavenging, each frazil identifiable without the SEM.
ice crystal may collect several particles rather than
only one.

Contrary to expectation, however, the highest MATERIALS AND METHODS
chlorophyll values reported are from congelation S
ice near McMurdo Sound and Syowa Station During a cooperative scientific expedition
(248-2100 mg/m) rather than from frazil ice (WEPOLEX) between the United States and the
(Bunt 1963, Hoshiai 1977, Sullivan and Palmisano U.S.S.R., the NIES Mikhail Somov maneuvered
1981). Intermediate values are found in the snow within the pack ice of the Weddell Sea from 22 Oc-
ice from Syowa Station and off the Palmer Penin- tober to 13 November 1981 (Fig. I) (Gordon and
sula (407-670 mg/m) (Burkholder and Mandelli Sarukhanyan 1982). Two types of ice samples
1965, Meguro 1962), and the lowest values are were obtained: ice cores and ice chunks. The cores
found in the predominantly frazil ice of the Wed- were drilled using a USACRREL 7.6-cm ice-
dell Sea (3.8-29.7 mg/m) (Ackley et al. 1979, coring auger, while chunks weighing a few kilo-
Clarke and Ackley, in press, Garrison and Buck, grams and composed primarily of snow ice were
in press). Thus it would appear that several proc- retrieved either from the open A'ater cleared by the
esses (scavenging, nucleation, and growth) are re- ship or from niewly formed ice ridges. l)ifferent S
sponsible for algal concentrations, depending on techniques were employed to prepare samples for
the ice type. To determine to what extent the phys- examination with the SEM and the optical and in-
ical environment of the ice affects the biological verted light microscopes.
community, we compared the species composition For optical light microscope analysis, the
and abundance between cores with only one ice samples were melted arid filtered through a 0.4-pm
type and those with alternating ice types. Millipore or Nucleopore filter. The diatoms were

In addition to ice algae's potential contribution then washed off the filter and decanted into centri-
to total productivity, it has been hypothesized that fuge tubes. Additional distilled sAater +'as added

:1
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Figure 1. Cruise track of the NES Mikhail
Somov during the U.S.-U.S.S.R. Weddell
Polyvnya Expedition, October-November 1981,
and the relationship of the study area to Ant-
arctica. Total ice cover in the area is given in
tenths.
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to each sample to bring the total volume to 90 ml. for 20 minutes. Distilled water was added to bring.
The samples were then centrifuged for 5 minutes the volume to I liter, and the sample was trails-
at 1500 rpm, the supernatant liquid was siphoned ferred to centrifuge tubes. The rinsing procedure I.

,'.-off, and more distilled water was added. This tins- cited above was used to remove inorganic residues
""ing procedure was repeated three times to remove and salt crystals. Subsequently, 3 to 20 ml of sami-

salt crystals. After the last rinse, 0. 1 ml of the resi- pie was filtered through a 0.4-ptm Nucleopore
due was pipetted onto a 24 x 50 mm coverslip and filter to obtain a suitable concentration of dia-
heated until dry. The coverslip was then affixed to toms. The filter was affixed with double-stick tape
a glass slide using Aroclor 5442 (refractive index to a sample mount and coated with palladium-
1.6) and was subsequently observed under a leitz gold (40:60) vapor to a thickness of about I()A. in
optical light microscope with a 100X oil immer- a vacuum chamber. Ani accelerating voltage of' 20
sion lens (total magnification IOO0X) kV was used to examine the sample oil a Htachi

For the SEM study, the samples were melted S-500 SFM.

and then cleaned of organic material to obtain op- Samples for (tic in' erted light riicroscope % cre
timum clarity. Fifty milliliters each of hydrogen melted and se eral milliliters of 40'o buffered
peroxide (300o) and hydrochloric acid (30) were formaldehyde were added. Sab1ple,, %%ere ag1at8d1
added to a melted sample, which was gently boiled and 0 rnl %%a, poured into a counttAng chtn-be.

3

-.7 ::.5:. to eahsml to7 bringL-- the total: volume to: 90 m.-- for-20:, minute. Distilled..water was- added-- to bring :--
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Fikure 2. Core profile of 22-1l0,"N showing salinitv,
fluorescence, nutrients (silicic acid, phosphate, nitrate, nitrite).
and structure vs dlepth. In the structural cartoon, circles 'ri-
dicate frazil ice structure.

The aliquot was allowed to settle for 24 hours Salinity
prior to examination under a Zeiss microscope 0 2 4 6 8

(total magnification 500-800X). 20

-a. Co,.o

2 0

0
RESULTS

60L
Core 23-I10/N

Two ice cores and art ice chunk were obtained Log 0*15'E
on 10 November 198 1, at 60 17 'S, 00 15.3 'E. Lat. 60*;7'S
The ice chunk (10-N/K) was composed of snow
ice (sea-water-infiltrated snow); ice core 22-ro/N Figure 3. Core2pro-le of23-10n.ashot-
(54 cm long) was all frazil ice; and ice core i ng salinitY, fluorescence, nutrients (silicic
23-10/N (59 cm long) had 16 cm of congelation acid, phosphate, nitrate, nitrite), and
ice at the bottom overlain by 43 cm of frazil ice. structure vs depth. In the structural car-
Structural and salinity profiles for these two cores toon, circles indicate frazil ice structure
are shown in Figures 2 and 3. atd vertical lines show congelation or col-

Samples of the ice chunk were examined under unnar ice structure.
the SEM and the optical light microscope, samples
of core 22-I0/N were examined under the SEM

and the optical and inverted light microscopes, lustrating their various components. Some of the
and samples of core 23-10/N were only observed more common morphologic characteristics used to
under the inverted light microscope. When com- identify species are the valve outline and di-
paring species differences, therefore, one must mensions, the pattern of areolation, the presence
take into account the different preparation tech- or absence of a raphe or pseudoraphe, the type
.niques invlved as well as the optical qualities of and arrangement if processes, and the number

the microscopes. These differences as they pertain and arrangement i intercostal poroids. (Appen-
to different techniques are discussed in Appendix dix B defin',,e taxonomic features.) Whole
B. frustules (Fig. 5 a well as separated halees (Fig.

Figures 4a and 4b are schematic representations 6) and girdle bands (Fig. 7) were obsric under
of pernate and centric diatom frustule i- the SE p but relatively few frageints were

IN
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Table 1. IDialoms identified under optical, inverted, and scanning electron
microscopes.

Itrewseni in
Compite species list 10 N-A 22-10 N 23-t 10

.1mo ttiti s ItiA ct,: twhi/u.s I(Ehreinberg)I Sirn i enci
AIsteromphaits ia/us Karsten
C/itweros dichacra ihrenberg
Chaetoteros vraci/is Schuatti
Chaetitteros neg/ectum Karsien
Chaetiueriis sp. 7

Dattt/giso/en afltartttiAs Casi racaiie
\aot-uta sp. I
%at ira/a sp. 2 + 5

izSthia aigUlaia Haste+
.Vtzst/:ta (imtiorum (Ehrenbcrg) W. Smniih++
.\atzst/ita curia (Van Heurckl Haste
V it ziuci/ndrus IGrunoA I Haste+
.Vttzschta Aergue/eno.s tO'kleara) Haste
%it zstha /eciiinti Van Heurck

\tzsclta proii/tnatdes Haste
'strzsthta ritscherti (Husiedit Haste
.Vttzsichza siubturvaa Haste
.Vztzsclta tiugidij/otdes Haste+
Nit z5cha spn-

- - itz-schta sp. 2
Porirtsra pxeudodentttu/ata ( HUSIedi) Jotutst
/t/izosienta a/la Brighisseti

* Svedra spl I

rha/astsisra arnigua Koitos-a
r/iuaassittra freigueIt K oztova
1ha/a.sstostra kraci/u1 var. eratt/is (IKarsitn) Httsiedi
T/iatasst'ira gravida (tci
!/iaas st sira lent iini a 1.1am ii Ist Fr sxel
Thuaasttitra sp.I

S 1 hatassira sp. 2P
1/ia/asst t/r antarctia Sti ii .c4

I ru/i/ii's fel/at/s Hiiidcin
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lable 2. AlI species identified under the inerted light microci-pt ill Ii ,r 22-1) St.

and 23-10 N and the number of full and empt.N cells liter )f each.

22 I) \ 2

( a'!(,,'r' dhtJtjtt I 2 II) t 2 iI. Z

( har.*er' q r- h I; 4)1 Ii.

\a(tula ,p I I 2 • l' 4

%I ,, ilia ani~tllara I

\i1 titJ t Iwi eraii I 'Is Ioi I I I

\z . ttrha 22 2'' , ;I O
\irzib.tlz i/t lru. I 2 • I()' I F 2~ I,
% \ t 'lthta A ,'riiut'e'nl~is" . IiI' I .
\ ItZsil

6
ia ht ~If 11-Ci io I i

%l'51AJilld f)if l , [ar iij, I - li- 2 I I,
\a..bwt stuhitriuad 2.() , Ii) 2 ti III 2 5" I' )

%t5 = i ihit ruri.iiuld ii( 40 1 n 2i I n 1 2 2 )

Si ,iedra ,p. I 2 6 i

J[hala 50t,'iitr.l itphirrlltta 2 .I 0f
?rjiild tlwts ,t'aiait 96 I • n' I 11 In) 2 f) OF) 2 ( I n

I l~t lt tragilarinp',i. grt~tp) 3 
'  

• Iii I .2 II " "

r on i,, 3.4 t Io 4 4 , li' 9 0) IlT I <  
Ill

A\rchaeonhinads 1.4 to10 2 0 II)1 I '4 . i'
ChoaniiflagelIlida 4.t) tO' I I i 1)

Dinnphoceae 2.0 ,Ii1' 3 9, Iii

F'rrienc,;phyceae IfhaeocvOts cf. pioa/heiti) 2.2 ti I(.3 - I if)

these samples. They are predominantly composed and C/zt. dichaeta. In additio., ,\'itZM/rht suhfur-
of pennate forms, with Tropidoneis glaciahs erat H-asle and ,.\I'tSC/fIu( urerudchs Uasle .c- •

Heiden, Nitzschia c/osteriumn (Ehrenberg) W. counted for 2 to 3% each.
Smith. Nitzschia prolIongatoides Hasle, and Nitez- One of the advantages of uising tlhc ins crlcd
schia cvlindrus (Grunow) Hasle being the major light microscope is that it allows diffcrcrii aton
constituents. Brief descriptions of each species, between full and empty diatom frustules, that is,

with SEMt micrographs to illustrate their mor- whether the chloroplasts and other organic
phologic characteristics, are in Appendix C. material are still intact within the cell. Wec counted •

After all of the species were identified under the number of cells per liter that were empty or
SEM, observations were made using optical and full in both the ice cores. Due to sampling limira-
inverted light microscopes to obtain relative tions, 22-10/N was counted as one composite
species abundances and numbers of cells per liter, sample but we w,,ere able to examine 23- 1) N at ,
Although 27 species were identified in dhe ice nominal 10-cm intervals. A composite specie,, list ,
chunk, the diatom assemblage was nearly mono- with the total number of cells/liter for each species •:

*specific, with T. zlacials accounting for 85-94% in the two cores is shov.fi in Table 2. [-here is, a
of the toa.,%lsti ui VnHeurek) Hasle, significant difference intenumber of species
Chaetceros dichata Ehrenberg, N. closteri- present in each of the two cores as xs¢nll as a differ-
umn,and N. cylindrus each accounted for I to 3%; ence in the full/ empty cells. Almost tx, ice a, many
the remaining species waere less than I% of the species are presetnt in 23--It)N 1 here arc It) timtes,
total. Ini both ice cores several species were co- more full cellsliter arid 20) tirtes more erupty •

dominant. In 22-10/N, 21 species were identified, cells.'liter in 23-I10jN. lIigure 8 ,,hox,,s the nurriber

The dominant species were N. choLstrjut and 7. of cetls liter doss fi he length ot 23 1(1) N. II iN cxi- '"
-l('/aai.s wsit .ivredra sp. 1, .Nitzscthia kcrguca,'n- dent that tihe hiighlest coriclenI at Oft 0 ul .

-' ~siS (O' \eara) H asle, N%. cyvlindru.s, ('Ir. dlietmacta, cells; liter o~ccurs near hut not at Ithe hotlll ri i liet"
and ,Navtcula sp. I comprising 4 to) 8% each. In core. There ss crc I0) I iles, iore frill cel,,II hi in
23-10, N, the dominant species swere T-../ac'tali s, thle hot t or 16 cm t han at thle sltit ave I lhe ii

,N. (~'llIttrs, ,\. prolonleclloid(M, N\. c'lte(riut, tioris inl abhndanlce ut1 Ilre. diiuruinautl sptecu.es1 ~i,

..- ,
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hIeurt' 8. ('ore prolild o 23- 10 \ s i/ 111! lit' i1to11 11l1/10 ' t'111i/q I

tItIt//jill diatom ctlls liter t s deph.

23-10/N

-. ~5 1) 1 Asc 0*.nr

1 25xO'

..... . ............................---

NI'zschio rolonqodes
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. .. ...... -

5 x 10 1X! O

0 ~~Nitzscho tcr ur

* - I: f~Q*Figure 9. Curt' profle of 23 - i1)0
Chietoceros dich lefj s/to Wing I/lt' numbeIr of' efnpti and

I full ce//s 'luerl for e'at/ /i'Uil)

darn species (Tropidoncis glacialis.
Nit/,'schia cylndru, N. pro-.

Slongat oidc, N. cloolcrium. and

Childoccrtm dichacta) vs dept/h. 1/it'
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I able 3. I he 11uiiiher of erpt., and full cells liter of the abulldant species 'nd tihe total clooul ill
each core aI the specified depth iner,al.

15,:']: / ', ,,.
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'

i .4 o .9t lng mrAultog
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core are shown Figure 9. It is obious that three peak (regardles ts there in the core it octurs) the
of the species (r. cindrus. Vtn dong io increase in full cells liter is considerable, m.hile for

-desand Ch. dicheta) are most abundant near tfde the enpt% cells liter it is not. ngroph 14 a 3alue
bottom, while T. lacialts is highest just below the in the ice cores at ptie same depth for hich we

asurface and l. cesterium has a 2iodal curve hae diatom count ranged from 0.09 to 0.672
with two equal peaks, one just belo the surface aog/m'. Phaeophytin values er htihe same inter-
and the second at the bottom. aialS ranged frm w.a o 0.19 .g '. lthough

Seven additional cores were examined under the we ould hae liked to compare (le chhlrophll
inverted light microscope, three composed solely and phaeophytin ,alues with the full and empt
of frazil ice, to of congelation ice, and two it cells/liter, tile nuber ofu samples for which w e

Acombination of these two ice ofpes Table 3). hae both data sets i too small to be significant.
tNone of these cores was examined at discrete Tde highest chlrophyll a concentrations were

os-cm depth irtervals, but rather as a composite found in tre ice Chunks, ranging fro 0. 14 to 43.2
sample ranging froep c to 54 cm (tl he core); mg,'m'. le phaeophylin in these chunk, ranged
the average sample interval was 20 cm. Among from 0.03 to 15.9 nig~n ' . (Chlorophyl %alueS ill

these samples, two had monospecific assemblages all of file cores and ice chunk, sere higher than in
I >85(l}o of %'. Prolongutoides and the remainder file adjacent surface waters (0.07-0.13 Ing rn'}.

"had assemblages comprising several co-dorninant In addition to the diatomis (1Bacillariophyceae),

species (Table 3). The diatoms that comprised the which liere the mo s abundant group represena-
Sremainder of a sample were the same as those in tires of' several other grtoups-('oanof'lagellidia.

.. ,.cores 22- and 23 -10/ N. ('hrysophyce-act, D~inophyceae. (lymnodiniaccae.

%- A comparison of the number of full to empty Prymlnesiophyceae, silicous cysts, and ar-
• -'diatom cells/liter in all tile ice cores examined chaeomonads-were also found.

shows that in all but one instance there were motre Fret archaeonionad species,, .. rc'hueomtona
- . i ::full than empty cells, and in half of the cores (here arv'olata lDeflandre and LItheusphaerelh, %'(

were 10 times as many full cells as emplyv cells ta/)tll D~efhladre 0-ig. 10), %%etc obser\ed in
(T{able 3). Looking at the individual plots of se,,eral of our ,,anpl:s (wee, for eviaiple, -Fable 2) .

cells/liter for the most abundant species in in rclaliel v low concentrations ( "101. V'otil re-
,... 2310/ N {ig. 9), it is obvioUs that at cacti ajlor cetnll5 . archaeomonads had tot been teported

.-........ _.. .....



I tLurr 10. 1 rL/ae(uad: Lit heu'.phaerella spec- FIurc I/. .Si/wt'uu; .1 vs no. 9.It hite br aw Inn-
tabilis. If /1/h' bar at hotioo 5 put1. tomn 0. 1411.

fromi presett-das ocean s and m. ere thought to rep- .4-

resent mik noV. n or emtinct marine chrvsophvtes.

Mlitchell and Silser ( 1982) m~ere the first to report
on the ocen r rerice of A. ar('olata and L spec-
tabii%, anioti' ot hers, ill their sample,, from hot C V.

thle vater co]lmnl arid lie sea ice of" the Weddell ',

SA te%% choartotilagellirte species, Bicustata *

* - s~pinih'ra Vlrortdsen, ( 'alhacunthuiantld/ex Niattotil-:
atnd ( ate,,, anrd Dialilhanot'ca u ldicel/ata
Leadhealt %%ere also seen inl we~eral of' our ~
samples atl coricent rations L10'. A siliceous~ cvst *

(:, 11) ident ified b% ,e, eral aut hors I Bootl iet
al. 1980, 198 1 Silver er a)l. 1980)) as, s iceous cVst

%%9't-,a ohsers ed ini our ice chunk . It has beenlS

hi Ii' Ill ist i resumet stage ill the choantiolagel -4

Se %eraitI p e ct i itri o f at siIicofHlag ellIatie.
2.i Ow'c/iphus yetii/ut Eh renberv) 1-4aeckel 1:hg.

12n 1, c% re oher% ed ti rthe ice chmunik arid ill ice core
22 10 N. Sc'.eral ndidUal oft alt Unlideriti lied
C r it todimiaceae .ere scent in ice core 23 10) N

SIL lahlc 2). [it addition, lte colonial forri of
I'haocnt so c t' /I(hemtt V. as' also elncounltered ii I1 wuun /2. Si/iollai.'r'latc: IDistephiaus specurlmnni
btd 22 and 21 10) N [ able 2). hI/111c bal ait Ihwttot 5 1411.
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D)IS(C I S IO N I,,+c I h I tud.I 0 1,11, '! It III!c <L ' , ,I I ' , r

"ti 1,1 / I l ,,... I I 46 i11., tn . ti,i/il ' j!
le dovncore change,, in relati),e abundance of depth 1 .30 i it_, . I i , ,i.. LT.tL [I , , 11 1.

the species in 23- 10 N and their apparent correla- t o to lie tIidcrlslly I,l,. ,r .iiWd (III!,
tion to the fra.il congelation boundary leads one nutLtlef I %%1hi 1,1. Nic. ,. ,ld e1 UicrC ill ,, i

it) wonder vhether they are the result of, the ice gelatio i ice, ihieih acc,..n1t i tr thn ' HCA 11(1110111
hasing formed frot different \salter columnns or of ;abundatnce peaks Oft the thIICC 'eCie," Il 21 I0
differential diatom grov th in the ice types. Since ( onrielation ic i lects ipiF, ii 1c, Jilt 11 10 tni

this core is composed of tMso different ice t xpes, rion., btI tra/il icc I, capabl oh Onfhaiiia, I I cI'
we know that tie frazil ice formed over a period of celtralilig material, soi ii i, dit .ti lt to ..otl hi

several hours, while the congelation ice at the hot- tie higiet chloro1phyll ,aiIueS in tle concela11i0n i,.C
tom undoubtedly forned o,.er the next ,eeral cores (0.09-0.42 ng Ill') relat isc to the ho, ci
weeks. During this time the underlying water col- aues in the ,urrouidir re ,tt,, t.(' (0 .13

umn may have changed slightly. Perhaps a wkarm 1.1 il') unlsCs grosth i, oc,.,C.1rlicL.
Weddell Deep Water cell (Gordon and Huber Buck (personal coininlunicariOl) fould ik,
1983) passed under the ice sheet, changing tire bio- gamietes of two of tile abundant scties in oie of
logical constituents that were later incorporated tile cores he exanined, \hich i,, indicaii ,,i i c
into the ice. Three of the species (.N. cvlindrus, N. production. It addition, Clarke and Ackle, tlit

prolongatoides, and Ch. dichae'a) show a marked press) foutnd that both ,ilicic acid and itillate ,ol
increase in abundance at and belo\% the frazilicon- centrations in the ice cores sscre depleted s. ith re
gelation boundary (Fig. 9). This suggests that they gard to the sea-wkater dilution cur., indicating lie
%%ere either at higher concentrations in the water assimilation of Si0, and NO, by diatons. hcrc-
when the congelation ice formed or that, once in- fore, one mechanism to explain the relati,.e difler-
corporated into the ice, a suitable en\, conment for ences in species abundances that %. e seC ill outlr

growth existed. rhe fact that these same three samples may be the variation in species conceitra-
species were found in high abundance in other tion in tile water column at tile time of ice fornia-
cores composed only of frazil ice suggests that the lion. This initial difference appears to be greatly
structure alone does not enhance growth. A fourth enhanced by subsequent differential grosilh of
species, T. glacialis, shows the opposite pattern, species.
that is, a decrease in abundance below the Watanabe (1982) has summari/cd tire abtndatl
frazil/congelation boundary. It is possible that species present in Antarctic sea ice. To his list %ke
this species was at a lower concentration in the add eight additional species that were abundamn
water column when the congelation ice formed or ( > WWII) in Weddell Sea ice (Ackle et al. 1979,

that it has a different optimum light intensity for Buck and Garrison, in prep.; thi,, paper) ( fable 4).
peak growth than the other three species. Of these eight species, five are pennatc forms and

N. prolongatoides was also found in high abun- two are centrics. Only Bunt and Wood 11963) and
dance (14-8811o) in several other cores sampled at Watanabe (1982) have reported diatom corn-
depth regardless of ice type. N. closterium is high munities that are dominated by centric lorins. lie
(18-48°0o) in samples from the surface to depth centric-to-pennate ratio in our samples ramiges
irrespective of structure, while the downcore from 1:6 to 1:34, wxith an average of 1:16. ('t.
abundance in 23-10/N shows a bimodal peak, dichaeta and Poro.sira p1eudo(lentculala lousc
near the surface and near the bottom of the core. were present in those samples vkhere centrics \kerc
Bunt (1964) has demonstrated that certain species more abundant. The latter is nlie of the specie, re-
are shade-adapted and that variations in light in- ported by Watanabe (1982). vfhereas ('I. dthacta
tensity influence productivity. It is possible then has never been reported as nuenrically ,ienilicatit
that optimal light conditions for T. glacialis exist in Antarctic sea ice.
close to the surface while for N. prolongatoides We anticipated ,one cirelation beti.serr tile
conditions are more favorable near the bottom. number of lull and etiptv cell,, liter ,%iih .Jloto

Several authors (Bunt 1963, Hoshiai 1977, phyll a and phaeophvt in ralios, bit vke did not
Sullivan and Palmisano 1981) have reported high find one. lhis, ma. he attribitied to ihe mall
chlorophyll a concentrations (248-210) ng/I n') ntibcr o ,anple,, 191 lor s, hi.h \.c." ha\ e
in the bottom 20 cm of cores taken in fast cells liter data or it Iltia be title to dill cI _iIc Ill
(congelation) ice at McMurdo. Clarke and Ackley cell ,oslues,. I lie chlloroplihl il a inaiall imilbetl
(in press) have reported an increase in cliorophyll of large-\ olne cell, can be equiial to liat il .1 latvc
concentrations in fra/il ice ssith depth, but thi, is nimiber of sniall-solunic cells.
not limited to the bottom 20 cm and does, not

II
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lable 4. I.ist of dominant diatom specie ound ini .nlarlic sea ice.

Amphiieuria rwilaii, ta a t at ii a Iuk u'ruIII and, Meow' I9W

-iif/iipnra &i4f 1clrdl,'/iti I Ikiiuhii.i a J Sccii'u ,i 1')66
I ntphipnl,rt &,ll'// ptu |'IIII aid 5% Id I II

lt iphtr f,r'a w truit 11111)I ,iid It t d 1 0(6 1

Bidd-I*/phina "e'utCIIA,, ttuiii and , o d 191,1

(hia,:erui sp. c:I. vrati/uu \cklcn ci aL
('Lt ,ott'rs d iali eta ,larkec el ai.lr ipe

( ")%cinodl clo fdTrcat4% 5 aall0ahc. 0 196 1

k'atppia aritarcia BIn alld %k 0d 1961
.\at I /da flatiei Richardson aiid %k liiakci I49
.\iisachia ilit'h t'rmini \c l-y t-i al. 1gI 9

Clarke ei al. lh i p.ipcf
.%ischw ci url Burkholdcr aid %tandclh I 9h

Rli iardso and ,k hiiakci 199
A kl. ci al. 19-9

uAck aid (aiiilii iil piep

.ltt:chia ch /indrio .-X\ .kl¢ ei al 199
Clarke ei al Ol, papci

.i'tu-/ita /ineari. Htl ii and k ood 1961

.N'tz_ li.au inartiana Buiit and %% iod 1961

.\uv 'i'a pro/tuimigdi ides Clarkec l al. thi
, papcir

.\iuA'whia wria Huni and \, od 1961

.ilzm ai'a stell/aa I-uk u i a and Mgtio 1966
,\iiz: hia ibtiuria ia Bu,:k aid (arr isn i pircp

Clarke ei al. ihli, paper
.\,t/zLshia furid4/ det Clarke e al. thi paper
Pleurmtknma aniarctica Bt and W 'd 1963
Por.ura pseududeniiulata Watanabc 1982
Rhi.zuementa a/ala Bun and %ood 1963
RhiZ enlteia rmiraia Bunt aid N\'ood 1963
rnrutdimeis vlaitahs Clarke ct al. tl, papcr

• CONCLUSIONS Differences in species abundances are attributed
initially to incorporation of biological material at

Diatoms are found throughout the length of the different times from slightly different water col-
ice cores, although relative species abundances umns. Subsequent growth within the ice, which is
fluctuated downcore. Pennate forms were numeri- affected by differences in light intensity, ice struc-
cally dominant over centrics. Three of the species ture, and proximity to nutrients in the underlying
previously reported as being abundant in Ant- water, changes the original species abundances.
arctic ice (N. closterium, N. cylindrus, and N. sub-
curvata) were also abundant in our samples. Four
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APPENDIX A: IAXONOMI( I IR%1%

Areolae Regularly repeated perforations (polyg 10 11 da,,1

siliceous layer, normally occluded b, a elun.
Apical axis L ongitudinal axis of a valvc.
Arcuate Arched or bow shaped.
(anal raphe Raphe Ax ith a tubular passage running along Its inner ,idC, separated fron [tih

rest of the interior of the frustule by the fibulae (kecl puitcta); the ,paccs be-
teen are called interspaces.

Central nodule A thickened area bets, een the t%o central pores of the raphe.
('ingulum The portion of the girdle associated wkith a single al,.
Copula One of three elements of the cingulun, it is a band bets, en the sals.ocopula

and the pleurae. Often but not always areolate; less ornate than tle 'alo-
copula.

Connecting band Element of the cingulum distal to the copula or any element \, hen no intercal-
ary bands are present.

('ostae Ribs, elongated solid thickenings of the valve.
Cribrum A velum perforated by regularly arranged pores.
Dentate Toothed; the teeth, if spine-like, are sery short.
Epitheca The upper and therefore older half of a frustule; fits over the hvpotheca.
Foramen The passage through the constriction in the valve wall that is opposite the

velum.
Frustule The cell wall of a diatom, composed of two valves (epitheca and hvpotheca).
Granule A small rounded projection on the surface of the valve, a type of spine.
Girdle Part of the frustule composed of the cingulum (intercalary or connecting

bands).
Girdle view Side view of a diatom, with the overlapping halves (val, es) of the fru,,tule ap-

parent, the girdle uppermost in optical view.
Hyaline An area where the basal siliceous layer is not penetrated by areolae or puncta.
Hypotheca The lower and younger half of the frustule, s, ithin the epitheca.
Infundibulum A funnel-shaped body that is the internal termination of tile raphe.
Intercalary band An element of the cingulum proximal to tile salve, different in structure or

form from distal elements.
Keel In those pennate forms whose valve is sharpy angled at the raphc, tile suill-

. mit of the ridge bearing the raphe.
Keel puncta Pores, or membranes appearing as pores, in the plate lying belo tile canal

raphe.
Labiate process A tube or opening through tihe ,alve wall s, ith an internal fiattened tube or

longitudinal slit usually surrounded by t, o lips.
lanceolate Lance-shaped. long and narrow, with subparallel margins, tapering at tie axis.

*. ligula Extension of a girdle band that completely fills in the gap of tie openig of
the adjacent band. It points toward the \alve 1 s'hich it is altached.

Linear Long and narrow, w'.ith parallel sides.
Mantle The outernost part of ilie sal',e that is apparent iii girdle ,,ies., but c\cludin,

the girdle bands.
Pleurae One of t hree elements of tie cingului, tie pleurae are bands prointtal to the

* copula arid are usually hvaline.
• Pseudonodulus A marginal-submarginal structure set oft Iwin tihe paittr of tiC ct Of Ihe

"-" \ssahe structure.
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Raphe Allo\ C otrtlero thNk of O hr Imil o Ii c ttrotixie til %,ik c rrtil toi. 7h iii .1

Lliitererit sttrULrC teI OrIl tire %alsc.

- .Spine A\ clo01d Or O I II l tiitrc U rieit Iu Cor 1110 ICLlA I L i 11111C\A INI I I
Stria Parallel linec ot rO ofN(I alcolac Or prIMneta 10 rO\ %LCL dcc 10~ t il [~d aN i 101d

ine.
-Strutted process A\ t~hC through thle ake %%all NLtrOrrtdCd h.% 2 5 :11ta111hCI Or poreN NeparatdI

iinrrtrallv by arched ,kipports, Often %ksith tltrCadN cMIItCL 11011 111 fc e\terrIOr
part.

Terminal nodule A thickened area at thre apical end Of thre %~ake .c\lce [the aphecntra .

Terminal pore All expansion of thle raphe at thle apical end.
T ransapical axis Thle trartserse axir, Of (lie %alc.

.Truncate Having tile enlds squarc or ce ci.
Valve One of ts~ o overlapping lials e, of a t'rst uric.
Vahvocopula Orre of three elements Of thie cinguIlurn1; a hand prosiral to tlie %akc , ruuall\

ornately areolate.
V ~elum A t hitn and perforate laver of' silica across, art areola lrihr'Lill) rota, or %ola

are three types).
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APPEI-NDIX B: 1)IERl- \(I- IN SPEIES II C OM1POSI IION %ND)XI NM ~\ ( I. I\
1)1 P1I( A I I AMPI.I-s E.\ANIINfI1) t NIH OIR HAL AND) IN% I RII- 111I(II I

III thle 11,1t. iiu111IteOUS lCc iiiqneLI haseC hCcit C11t rb' 1,1cr iuo' I2Y V. N 'ti ta (O'iS I;'' 'tirid
ploved to prcpare diatomt' tor ricocic eari- (I. (/I it;i, a .6 14'(0, \(etc c'iititi'ti III \rt
tatiori. [he chloice ot precpar at Olt teCltitrjuc arid Saiitpic' C\saillittd unlde c 1C c1QI tcd tcitcc
lie IsP pe 1101 0 OI icoc I ,C t~d IS dependent ott Orice bilt %%Crc 110t SCCII III hIC latnIC 'ample)I tInet ti1C p
valk: toi Sturd~ phgcc % 111011101114 aild rca]i irri00CrOL p. 1h10 srC Irs (5kCI Oi. oh crs ed

taworic relarionshtips or ito determine rclatis c or icr opt cal tnICroSLcope S,'tupl~cS. -\ 10% N11C, c,
or absolute Specie, abundanceS. Ihle SFI:NI toy e\- %%I Cell cciUnder tie optical hllid 1~) hcirp b 1)(11

*aleI, I,, thle Oprirrial 1001 r0 SIUdv rrorplioloL!%, as under thle iris cred rnIICION opc, but rltC'c geiter aIR
-it prosides the highiest resolution Of Surface detail accontird( for leSs haiM) 3%V ecepil~ Ill tire c:ae ot

and gis es a t hree-dimernsional s ieN of thle %als . A. crawt and .V crrnr iIi cl \eeric hehr I orI
BIothI the optical and thre inserted light micro- these t s o spcies. optical tlicroSCope conli n Is C
scopes nia' be used for d iatomi en Inmeratjolt, since corisiderabl higher than hle iris rrd imioScope

-their resolution is usually adequate to identify counts, iii three of [the Sarmples (37 651''0 optical.,
M rost Species. But while the optical light micro0- I 2%" iris erred).

* - ~Scope carl only provide relative abundance due ro A possible es~plariation for thle (righer optical
-rtilie sample preparation, the inverted light rmicro- inicroscope Coulrt[, of' N. curl'r arid .\. crh-tdrrc. i

Scope yields absolute abundance. Itt addit ion, it thlese thbree Sam ples is thlar. liavinti lost IthIrongItl
allows one to differentiate bet een full arid em pty preparartion) rtire originral dormiinantr specie, (A.
cellIs; that is, Mi er her thle organic material is ,till 1)ro/oireuioidcs I. thlese I so rios assumrie d ispropor-

* intact. riotiate signrificanice. The fact that they are found
We prepared fis e duplicate comiposite samples ill equal numbers in the other two sariples. which

* for examinmat ion under hot h [cit t (optical) arid do not hias e A. 1?ro/onrguide. n1it igi eemn to sub-
* Zeiss inverted) miicroscoipes. using the appropri- ;taritiate this.

are preparation techniques for each as described in) We do not belie,.e any of these discrepancies are
* ~~tilie Materials arid Met hods sect ion, Our aimi was art ifacts (if thle optical miicroscoipe, but ratheir t hat

toi det errnte ho\w preparatio torrclnriques m ight t hey resinlt fromt thre preparation techniiique cii-
- .change tile Species C011OmpirltinS. ployed. Species riot observed uider the optical

In all of the samples the majority of' the peismicroscope may have been select isclN eliminated
were the Same, m~ith a few~ species observed under during samiple preparation. Ses eral steps, are inl-

S one rmicroiscorpe and not the (other. Hoskever, isA (1((ived that Could conceivably lead toi loss of
species that Occurred in abundance, .\itzscIiaupr- material. Therefore wNe conclude that rtle iriserred
/lnatW esC5(60*) arid Duct' v/ursoc'p anlarcicnI.s tiicroscope. which only requires, thlar a samiple be

* (0- 2300o), were consistently observed Uider the itt- tihas%ed, agitated, arid then settled os rtiiglrr.i I (lie

- c~~~ r1ed miicroscope but nes er in rder tire optical better mnethIod for d iat orir n riHicratiOtt from sea
microscope. Three additionral species.,N ice arid s"aner coIlum samlples.
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u) iw le(o lilu, iew,-ht[(ro ol UVj i- (V-- ) Iosep o 1ir~t, alet (op o ot.4,,te- oo

4g i C7 Ni/ .hi curia.

*\it,-schia curia (van Heurck) Hasle arid A\. cv-J-I
ru.s ((irunow) Hasle

These two species exhibit an otterlap in both
their size range and the number of' rows of
poroids. The most easily dist inguished characteri-
tic is the heteropolarit o f* V\ carta a, ,ell itt
FII gure C7a, tothich shiows that one pole its broader4 ~than the ot her. ill comparison, the isopolarit 5 of

* - - .- i-finIruxs can be ,een in 1[iLure C8,.ksshichr clear -

ly shows the straight parallel rirargirts anid thle
0 '~ ~broadly rounded apices. fin addition, .%. curia Ill

caracterited by st raight I iransapreal costac oser
, ost of' thre salve wAit i those rnear r lie Pole" beinrg

- -curved. H-asle 1 965b) reported Ire length ;t 10) 42
* in, anid thre sidrlr as 3.5S 6 pm i. 111tl 9 12 costac

i n I) p4 Ill. W~e found ses eal smaller iridit idnlals
g-~~arid nine as lat c as I-Isvlc*'s. Ou)r size range kttias

A* ag, 5.5 29 Ip inl long anid 0). 5 v ii %k ide. D~ouble rows,
* of poroids, arit nwaie] close to the costae aid usou-

all\ occur at a treq(riics ot 30) ill 1) 101i1 (Ilasle
* 1965bI). I ignre J siott thle double rro', of

I 1tuic of .5 ifuirc~i~rv isiil, huu poloidk a cell torwil olie herrcor midt e\Iti-
*I I A Ct dti Paht ,! M'l,, jb r I hie t I aicti I ruilsapkn l cost ac of V\ I /I udru'
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- ,e~re i~otm red it) Ilic ic el d l m Poa r lin , t i i il v'II C

longitudinal co'rtac at the ciklldN. c IINIC C196) ic J'lillIt1iit \ii!t IAi d\ It d' i I jIK

* ported A. ci/iidiiNN ICtii 'LIhIN 0~ 40 in1 and thi. 10 11 1(ii ) 1,, 1ii i. kkc AIL. il. li i. N *

w idthI aN, 2--4 it ii xitili 13 1 -tIalxiaplC:iI &'Eic Il ni~ll'li ti i! 1111 i"~ U: 1~ 1i- 11 Il

10 itm[I AS N it I1 h '1 \ W n , %k e I OI'aild N011Le N)'Ci. I 11 (, S pI I I M i p Ll'II 196 p,

ins niailer than fladle reported anid itliic (Ilic 1ri \Ld] i 0 .III SKt (,liNl il

* Nso large. Our Ni/c range \kaN 3.55 Ill lone1 rid \1, ciC illll xtld ihle .ipclct. 6'

1 1.25-4 At inwide. I here were I5 S POTii~ 0II PCeItora I ll aa4IIIld w ILil. I I I1 hi, I , Nfili I' it~l

tug the intereo,,tal membraneN Ii I , Il. arraiigedCL I C1:1 'll/CAd III'-[ CliC L It\% thi it' COAl 'C III il Ii

in 2 to 4 transapiCal riiws, (fadle 1965h). I lineI (Y9,1 iiaaI tanollq%1%. (hlieI Atlliili\

hoth 111 t i ~ a) L~ e *C ld l I wi ic re( Ph I, .111 Ill

.Vitzsc/zw kerolelenle.s ((O'Meiara) a I IJUNIC I Ciir aL Ce IC\% Nil i i tI Ii~ Iva a l IkIIi IIId

Frustules, of' this NpecieN, are ,1ironrvN %ili,:itled doulie I ow N ill Por KilN

and coarseR strmet tred, lie irawiapiial rihN, are

ft0

a) I~ ridstu/c fuhlique. o lct lie' U). Roln St cilsi ' I)) I'av ri/it (i ' w~/i ih/ (II /atI i11d /101 il/i/N ci I

I Viut . Ni I Seiiia kerenielri~iN
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\utzcs/za / f ,,,t ul 1it1!o t la k I , it'iit'h I l ] L ' i:! . , U.1 L...F ii ' " ,U '

Ihis ,pecIeC , occurrcd Ill Cox a i l l I l ,, l! Ill he',. \ i1i ii, ' , '!C .. :1
,.amples e.\alincd uide.tl I 5 ' , . hai t., iM s %.,Ill he senll IIi iw c ( I al! ili n c ' K A <, , %.

1\t ote photo. I iLl e ('I) 'li ' the 'IIalaci c.'cIrI ItIi ll' II lc 194) rcIdCd iL +, ',i m

\ale t' nlliiie xith ,litllils ellarged cuds. hi,, Ott dud Iid, ii' lki 1' t ,l ii: '
speclillell lla ured 50 1i Il alld 1 pm11 A idc, .oIllpa r l 1: Iclth, ,4' (il '-Ii!. ,i '1.

- v,,t' lich i' x ithin tihl ',i/c rallkic ..ell cix ci,,I, is'. I'law -,s pial ,. i, e 144 4 ; I .i) '

. "-" 1965,1 (leniigth, 20-T0 lt; xi)dpth (1.5 2.5 pll, lot resoixabic tinder 1 0li i ikt no['N<v (it
1964. lie iuIeti co al il I cthl uc. pci t',iiu Icd

-.. - .5itzsc/Ia rtlscheri (ttusted a ,h.lasle OIc tlI,0 , OI , ids (i;'1 ] 1 ) ),, ind I,.c k l
'lhe \al\e outline of this species \aries %%ith tie ptllild cd1i e Ct11 Ill I 1uLI.C ( ]-I'

tie of tile individual. Small specimens are linear
-. to elliptical with broadl> rounded poles. [.arge \1zNc./iia ttar icc n/ai'it. ha -h:

- ". specimen,, are linear to lanceolate with a iteiro- lii ' 'pecies ha' parallel ie_ s ,,ith h .dix

pole apical axis, rounded at the broad pole and rou.ded apices. [ snls, I al,,c i, t cli
-" . tapering at tile narrow, . (ostac adjacent to tie largcd in ithe middle. \ccoirdiu tio lhlla (196,;,l).

broad pole are more oblique than those near the (Ile length is 63 126 p in, anid Ihe xIl At he cud'
narrowx pole. Poroids (18-24 in 10 fti) are ar- is 1.2- 18 p)(ii and 1.8 2.7 ti iill the middie. ()i

ranged in two rows (Hasle 1965b). Figure ('11 specimen,, measured 73 115 pit Ion e atid I 2 . i

shox s a slightly heteropole individual. wide near the ends, vhicli talts ,kiihlii liei i,/'

range. F-igure Cl3a shoxws tle x.aixc esterior, i iv
Nitkzschia subcurvtau Hasle ure C'13b, a closeup of tlie illelior. 11hox 1C lie a r

This species has valves that are narrow, dilated cuate keel puncta (10-13 in I0 p i), traiisapi,:al
in the middle, and abruptly attenuated towards costae (17-21 in 10 pin), and interc,,ostal mcm-

long slender rostra. The apical axis is curved in the brale, which is perforated by I in 2 royx of small
transapical direction. One side of the valve is poroids (8-10 in 1 prm) (Hasle 1965a).

1 9 F:71K64a'4

0 0

A.

Iimure (/0. Nitschia prh gatoide . Saih ti a/ ti /I t' ,u(/ Ih,:,"' ,' a f' /I,"'

(arrow). I p t ij ,i i C, ' ' it/
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d) Closeup of samte ia/re s/towing oritale valvoc()opule andu

large Ia/nate process of lowter itt/it (large arro'w).4

figure (/9 (coot'4).
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.igure C20. Thalassiosira lentiginosa.

Thalussisru lentigmnosa (Janisch) tryxell holes with a slight indentation (Fig. C20c). The
This species has radial rows of areolae, some- margin is serrated and the number of girdle bands

times irregular and sometimes with fasciculated is unknown. The valvocopula has one row of large
rows of areolae parallel to a central row. The valve areolae pores near tile valve with several rows of
is flat and disk-shaped (Fig. C20a). The diameter smaller pores below. Externally, the single labiate
reported by fryxell (1977) is 47-95 jam and by process appears as a ridge near the marin with a
Hendy (1937) is 40-120 jim, while our specimens slit onl the valve mantle. The cribrum is internal,
sere 37-70 jm. There are 7-9 areolae in 10 jan. with tile pores in the cribrum oriented in circles

iThe ltoramen is external and the strutted processes (|'ig. C20d). Internally, the labiate process also
appear as smaller holes. They are located within appears as a slit, and the strutted processes are al-

• the radial rows of areolae and occupy almost the most flat. The strutted processes are surrounded
space of an areola. as can be seen in l:igure C20b. by four chambers on the margin, but by only two
The marginal strutted processes appear as small chambers on the valve (Fryxell 1977).
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c) Closeup of valve mnargin shiowing marginal strutted

processes (thin arrows), areolae, and girdle bands.

U I
d) Clseup(intrior shoing ircuar c ibrmadsri

d) Clseup (in eror ) with miimlr ier nao ll utte d~ n

1 igure ('20 (con! d ).
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d) Closeup (girdle Viev) sho wing, terminal nodule. terminal
pore, and rap/se.
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