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1" .Running head: Massalski and Leppard: Survey of 1ake-¢o1]oids.f

A Survey of Some Canadiah‘Lakes for the Presence of

Ultrastructurally-discrete Particles in the Colloidal Size Range

A. Massalski® and Gary G. Leppard

- National Water Research Institute, Fisheries and Env{— _

ronment Canada, Burlington, Ontarid,‘anada'_L7R 476

MésSa]ski, A. and Gary G;}Leppard;”'1979.:_AISvaey"of some Canadian
lakes for the presence of u]trastruéturai]y;discréte partic]eé

in the colloidal size range. ,J._Fish. Res. Board Can. OO:OOO-OOO;f

i - Water saﬁpTes from nine Cénadian lakes were centrif&géd”and fhe‘
pellets were.ana1yzed by transmissidn e]écfnbn-mi;foscdpy. Tﬁe‘pe1Tet$
inc]udedléma11 organisms, organic cqi]oids'and-clay_paftic]es['fﬁ al-
most all the samples, COlloidQ were the ﬁajor component révea]ed fd]]owing
thin-section analysis. When viewed at high mégnificatioh,.much.of each
bé]]et consis%ed of morphd]ogica]]j-dfscrete ﬁartiéies, some QF which
were readily categorized. .Electron-opaquefibriTS'Qf cof1oidai’siie'
were frequently encoUntered:‘ (1) at différént depths; (Z)Fas_a.coating
on the surface of algae and bacteria; (3) 6vér1aying the sediments;

(ﬁ) as an apparént adhesive between a va%iety of particies; and (5) as

a component of froth at the water-air interface. They were common at

all times and in lakes of varying trophic levels and sizes.

01-1075 {12/74) DOE 1075



' 13

2

3

tand Ecology, Histology and Fine_Structufe Research'Unit,'P.O; Box 30772,
SNairobi, Kenya. ’ | '

6

7

8

9

10 -

1

12

14

15

lpresent address:. The Internatibna] Centre bf Inséct Physio]ogy

16 . .

17

18

19

20

01-1075 (12/74) DOF 1079

' 1Key words: water, colloids, fibriis,{]akes, elecihbn micfoscopy.




. Introduction
2 ’Limno]ogica11y, the word "dissolved" is an Operatibna]'term~
3 the term "dlsso1ved organic carbon", or "DOC", refers to all organ1c

4 carbon in lake water from large colloids down to small molecu]es in

" - 5true solution. Most "particulate organic carbon", or "POC", s non-
6 1iving and consists of particles larger than 0.45 pm in sma]]est dimen-

-7 sions (Wetzel 1975), a]though aggregates of cp]]oids may be operétidna]]y'

8 defined as P(DCZ depend1ng on the1r retention by f11ters The mean

9 ratio of DOC to POC in ‘many lakes is on the order of five to one (wetze1

: :u)1975) .The quant1tat1ve 1mportance of DOC 1n ]akes is such that under—

._1lstand1ng the funct1ona1 role of it and of its major components is 1mportant.

12 An understand1na of its trophlc role in lakes requ1re= knowledge of the

,nznatureband regu]at1on of its' biogenesis as well as its interre]ationships

14 with POC.

15 " In 1977 (Leppard et al.), a ribbon-like fibril, of from 3 to 10 nm

16 diameter and having a considerable capacity to bind electron-scattering

17 stains, was shown to be a'eommon co]]ofda] materia1 of the;DOC fraction

18 of two lakes Also, it was found in the POC fractlon as a result of its

19 capacity to form large c]umps and its capac1ty to adhere to a]gae, bacteria,
20 large debris and clay part1c1es.' The d1seovery of these f1br1]s_]ed to

21 laboratory investigationé into the secretidn of them by algae and to

22 chemical analyses d% fibril-rich materials iso]ated‘frOm 1ake water .

23 (Leppard e;_gl; 1977; Bu?nison 1978). At the same time, it was rea1ized
24that,transmission electron mickoscopy allowed us to categorize much of

25 the suspended fine material despite its chemical complexity. As was

‘ 01-1075 (12/74) DOE 1074




. pred1cted ear11er (Leppard et al. 1977), r1bbon 11ke,'“electron -opaque"”

l—l

N

fibrils and other kinds of electron -opaque f1br1ls of s1m11ar d1mens1ons

ot}

are Sshown here to be- common to the water and sed1ments of a var1ety

-

of lakes in a variety of situations. I]]ustrated here is a survey of

o

Takes for'such'fibrils,'inéluding-a pre11m1nary attempt to document |

6 otheh_common, distinctive; colloidal particles. Thé word "fibril"™ is

used in the standard dictionary sense meaning a "small filament or thread".

8
9 . . .
o T Materié}s éhd Methods
.ll-h} - Water samp]es were taken from nine Canad1an 1akes selected -
12 becéuse of current and previous Timnological 1nvest1gat10ns and”
O : - 13 variety in lake type. _ |
| 14 1) Lake 0ntar1o (8 km offshore from Oshawa at the OOPS 11 IFYGL

15 Station);

16 - .2) -St. George Lake'(near Toronto, Ontario);

17 3) Thompson Lake (near Torontd ‘Ontario)' 7 |
- 18 4) .' Jack Lake (50 km northeast of Peterborough, Ontamo)
19 '5) Lake Er1e (both the Western Basin and Central Basin);
20 . 6, 7 énd 8)' Erickson-Elphinstone District Lakes, numbers L255,

21 1318 and L885 (in southwestern Manitcba, west of Lake Manitoba);
2 9) ‘Kootehay Lake, British Columbia (at midlake station $-23).

23 . Tgh}g 1 shows thé samnling’ program. - We defined two separate -
: (covtummq) '
24 colloidvfractions, one of part1cu]ar interest to us here and a second

the fﬂft?(‘
. 25 for future analyses,Vderived by high speed centrifugation of the

01.1075 (12/74) DOE 1075
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}remaining fluid.. Pre11m1nary comparat1ve stud1es on a varlety of.
samp]es from St. George Lake: (see a]so Leppard al. 1977) revea]ed.er
‘that the. more read11y character1zed co]]o1ds were present in both
fract1ons This paper describes the readlly sed1mented fract1on

wh1ch conta1ned some small organ1sms, many colloid- s1zed part1c1es, |

as defﬁned by Vold and Vold (1964), and comp]ex aggregates of colloids.

’Because of the potent1a1’51gn1f1cance of observations on the.phys1ca1

re]atlonsh1ps of natural fibril aggregates (Leppard 1975"Leppard andr
Ramamoorthy 1975; Leppard et a] 1977) and because . of potent1a1 dis-
rupt1on of these aggregates by u]tracentr1fugat1on, no attempt is made,_{'
in this ear]y study, to descr1be the co]1o1da1 aggregates der1ved by
sedimentation at great centr1fuoa1 forces t !,f»' |

_Replicate portions of each fresh]y taken sample were centr1fuged
at ! 0CN93 to give ]oose]y packed pe]]ets which were prepared for |
electron microscopy and sta1ned with heavy metals accord1ng to Leppard
.g_ al. (1977) The general approach to the microtomy of‘thempellets
was as outlined in Leppard et_gl;_(1977). Severa] conSecgtjve sectipns
of approximately 50 nm tﬁickness were cut from each pellet, followed by
removal of several micrometers of pellet, then further'cutting of
consecutive “thin" sections and so on. This approach provides a grpss,
semiquantitative.evaluatipn of the»abundance of any given distinctive

structure (see Discussion). Observations on stained sections and photo-

graphs of them were made with a Siemens 101 transmission electron

microscope. The data collection for this study consisted of about

1600 micrographs derived from approximately 100,000 different discrete

01-1075 (12/74) DOE 1075



10

images-on the microscope screen.’ Ser1a] sectxons were searched at

4,000x with interesting grid windows searched later at 20,000x.: Depend1ng
on the- heterogene1ty shown by a glven pe]let the ratio of 1mages

stud1ed to images photographed ranged from about one in ten to about

one in one hundred. If a given distinctive morpho]og1ca] ent1ty was -

found readily and if it was also the most frequent]y encountered entity, -

it was given an abundance rating of 3. If not detected at all within

the time frame of the initial search,'it'was‘given an abundance rating

of 0.

11

12
13
14
15
16

17

Results

A1 of the water samples revealed a variety of distinctive colloids

(as defined by Vold and Vold 1964)‘which tended to fa]l'into categories
accord1ng to their d1mens1ons, form, and e]ectron opac1ty after sta1nxng |

with heavy metals. These categories included e]ectron opaque f1br1ls,

clay partic]es, cell wall fragments, diatom frustules, fragments of

invertebrate exoskeleton, e]ectron—1ueent fibrils,'comp]ex slimes,
viruses, tripartite structures»resemb]ing membranes, algal scales,
unusually small prokaryotes and a varietyrof granules.

0f the 30 different k1ndgof samp]es, 29 revea]ed e]ectron -opaque
fibrils as shown in Tab]e 1. Of the n1ne lakes stud1ed eight had such
fibrils, with five of these lakes showing evidence that they were

quantitative]y important. Fifteen of the 30 kinds of samples revealed

these fibrils to be the most abundant of the morphologically distinctive

01-1075 (12/74) DOE 1075
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'coTToids,vwith St. George Lake being a:panticularly good source

regardless of.situafion;, Considering»fndividuaT samples,‘thelfibriTss,
were most dominant in the six meter summer'sample from Jack,Lake; |
foTTowed by the 0.5 meter summer sampTe from Lake 318 and then by
.severaT“different samples from St. George Lake. . They were found in

the summer . .surface froth>of St. George Lake and in fhe.wetaTimnTa _

of both Jack Lake and St. George Lake. | |

A11 sediment traps contained. fibrils. Two water samples

~(Thompson Lake and Lake 885) were characterized by an extreme'weaTth

‘of algal cells; one showed the fibriis wh11e the other d1d not In
the case of Thompson Lake, all the flbr]Ts in the surface water were
part of bacteria-alga assoc1at1ons, The sole lake wh1ch was sampTed 1
extensively (St. George-Lake\ reveaTed f1br1Ts in abundance in all
four seasons. The sole Take (Lake 885)'showing a fibriT abundanCe o
rating of 0 (see TabTe 1) was re1nvest1gated to g1ve a, second rat1ng
of 0.' o |

The eTectron -opaque f1br1ls came in severaT d1st1nct1ve var1et1es,

although long ribbon-like types were the most frequentTy encountered

The next most abundant category of coTToidaT mater1a1.conS1sted of

1rregu1ar, anguTar eTectron opaque tablets and leaflets of various
kinds suggestive of different kinds of clay particles. Such part1c1es
were particularly abundant near lake bottoms:; they had a patchy dis-

tribution'aS'did those categories of coTToids‘found infrequentTyQ There

‘were some revealing physical ‘associations between f1br111ar coTTonds '

and the biota; these are described in deta1T and dlscussed in MassaTsk1' e

01-1075 (12/74) QOF 10749




1 and Leppard (1979).

to

Fig. 1 i11ustrates'a cdmman'situatfon in 1ake water; an algal
3 cell with a surface coating of’fibri1s‘whose thickness is.similar
4 to the d1ameter of the cell proper. Sometimes such a thick coatfng
5 1is assoc1ated with encystment. Extensive exam1nat1on with the e]ectron
6 microscope reveals many f1br1ls to be of great 1ength, a feature not
;. often conveyed by the mwcrographs. F1g 2 shows some f1br11s hav1ng
8 Tittle curvatUre'and running’in the p]ane of the sect1on Ser1a]-
9 sectiqning results and- v1ews such as F1g 2 indicate that many e\ectron—}
10 ‘opaque fibrils of ribbon411ke aspect are very 1ong w1th respect to
, ll'their'diameter. D1ameters of approx1mate1y 5 nm are commonly assoc1ated:
‘ 12 with lengths of thousands of nano..et-.s Fig. 3 1Hustrates th1ck |
} 13 f1br1ls hav1ng th1n ‘branches. These f1br1ls are all assoc1ated w1th
a _ ‘ 14‘one side only of a fragment of a]ga] ce]] wa11 in this case the d1sta] f‘
15 side (external surface). Such asymmetry of wa]] fragments was common.
16 Interlaced branched f1br115 forming a porous three d1mens1ona1 network
'17 are shown in Fig. 4. Such aggregates are found frequent]y on the surface
18 of algae and as an apparent adhes1ve between fragments of debris. Surface
19 froth at the lakewater-air 1nterface of St. George Lake in summer
20 conta1ns extreme]y fine fibrils as shown in Fig. 5. These fibrils are.
2l the th1nnest wh1ch can be c1ear1y d1st1ngu1shed as electron opaque
22 fibrils.
23 E]ectron—opaque fibrf]s, although typica]iy distinctive; can be
. 424 ‘ confused on rare occasions with other categories of colloid. Fig. 6

25 is an examp]e of a granular slime layer on the surface of a green

01-1075 (12/74) DOE. 1075




'1 alga. Where the-packing of the grenu1es,is.1ess dense, thehe are

'indiCations of fine fibri]s whose diameter is at the resolution limit

to

3 ‘for sect1ons Thus, one cannot be certain whether dense]y packed

1 port1ons of this muc11age consist ent1re1y of sma]] granu]es or a

'5 m1xture of granu]es plus curved fibrils whose 1mages in cross=section
"6 appear as granules. Fig,'7 presents another prob]em in categor1zat1on»‘

- Found occasionally.Enmeshed in a cell Wall coating of at least two v

g varieties of electron-opaque fibril are some e]ectron 1ucent (Leppard
¢ and Colvin 1978) f1br11s with an. electron -opaque sheath (see arrows)

10 Under subopt1ma1 viewing cond1t1ons and at Tow magn1f1cat1ons, such

11 sheathed f1br1]s appear ent1re]y e]ectron opague. The cel] wa]] proper

12 shown in Fig. 7 presents many electron- 1ucent f1br1ls arranged in a

13 crlss cross pattern characteristic of ce11u1051c wa]1s, small aggre-
}14 gates of these were noted rarely in the survey as were a]ga] surface

15 scales of s1m11ar texture. ' |

’io - F1g 8 11]ustrates clay particles cross- connected by fine f1br11s
‘|7'and Fig. 9 111ustrates a cell wall fragment connected to clay part1c1es
g via fibrils attached to one side only of the wall.- S1mﬂar observatmns |

19 have been made recently by botanists on sahp]es not subject to centri-

90 fugation (Guckert et al. 1975; Leppard and Ramamoorthy‘1975). ‘Fig. 10
9 showswvirus-]ike particles embedded in.e meshwork of fine fibrils

92 9giving rise to-an aggregate of “viruses" whose dijameter is ten ttmes
93 that of an indiquual virus. As one wou1d expect, 1ndividua1 viruses,
94 free of associated material, were not seen in the pellets of the readily

25 sedimented fraction. Figs. 8 9 and 10 are three of many k1nds of examples of

N1-1075 (12/74) DOE 1075
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wggg;to'species (Figs. 11, 12).

10.

H

f1br1ls apparent]y acting as adhesives.
Many d1st1nct1ve varieties of cell wall fragmenté, exoSkeletOn.
fragments, frustules, granule aggregates and membrane-1ike structures

could be characterized according to dimensions and morphology, but

Rarely, electron- opaque fibrils are found on the proximal side
of a cell wall. Th1s is shown in Fig. 13. as another example of the
unusual asymmetry of cell walls with respect to ‘the attachment of - |
fibrillar coatings. The wall (F1g 13) is an. apparent]y d1s1ntegrat1ng
wall but one can f1nd examples of norma1 wa]ls, assoc1ated w1th
hea]thy-appear1ng cells, which have a coat1ng of flbr1ls on the
proximal side. .In ever" axampie of the'lafter ase, however, there
was a much more extensive coating on the dwsta1 side. Thus,‘the
proximal coating may not have represented an attached cqafing but may
possibly have represented, instead,,fibrils in transit'from the cell
to the externa1 milieu. This topic is treated_mone fully in-Massalski
and Leppard (1979). | | | |
F1g 14 shows strips of a]ga] cell wall (pee]wng away from an
apparently hea]thy green alga, not shown) -associated with electron- |
opaque fibrils displaying a great range of'diameters and an extremely
coarse appearance. If the more typica] fibrils were not present, then:

the coarse fibrils might not have been recorded as fibrils per se.

Both Figs. 14 and 15 illustrate fibrils-which just barely fit the-

dictionary definition (Webster's New Collegiate Dictionary, 1974) of

the word “fibril".

. 01-1075 {12/74) DOE 1075
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Figs 15, 16 and 17 11]ustrate a feature of Jack Lake worthy

of fur+her 1nqu1ry In one 18 m sediment trap_samp]e, three distinct-

'1ve types of electron-opaque fibrils were recorded'frequently. Fig.

15. shows apparently short, 1rregu1ar1y shaped f1br11s, Fig. 16 shows
apparently r1g1d long, fine f1br1ls arrayed a]most geometr1ca11y, and
Fig. 17. shows curved ribbon-11ke f1br1ls which are the most common type
yet encountered |

As a resu]t of this survey, it is now c]ear that e]ectron -opaque
f1br11s can be subcategorized 1nto many wel] def1ned types with some: |

occurring frequently in nature. MWe have documented 1nd]v1dua].;1br1ls o

‘as fine as 2 nm and, rarely, as thick as 40 nm. ‘Within this range there

are long, short, straight and curvéd ones. They can be subcategerized
asﬁ branched or unbranched; tapered or uniform in d1ameter, rod-1ike,
r1bbon like or 1rregu1ar in 1ong1tud1na1 v.ew, w1th t1p differentiation
or w1thout it. Some appear to have a granu]ar substructure and- ‘there

is considerable var1at1on from one sample to- another in the1r ability

to take up sta1nsu Add1t1ona1 documentat1on of the various subcategor1es

can be found in Leppard et al. (1977) and Massa]sk1 and Leppard (1979).

Discussion
. Electron-opaque fibrils of various types, whose diameters fall

in the range of 2-40 nm (.002-.040 um), are common in Canadian lakes.

They are found throughout the water column of at‘1east some lakes and

they form coatings on many kinds of particles including cells. As

01:1075 (12/74) DO 107y
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shown ear]1er (Leppard et a] 1977) ribbon-1ike fibrils can be separated

» from other k1nds of part1c1es by physical techn1ques Thié survey

~suggests that the “desolved organic carbon" fraction of lake water,

as defined operationally, might aiso be separated into other d1st1nct-

ive categories of co‘101ds, using the e1ectron m1croscope as an 1nstru-

ment for conf1rm1ng purification steps

.Because of the shape and dimensions of the f1bw1]s and the ]arge
numbers of pellets (and their rep11cates) to be sect1oned we were
unable to ca]cu]ate exact fibril contr1but1ons to the vo]ume of the
pe11eted materials. Preliminary exper1ments 1nd1cabe that many of the |
forges on fhe order of 100,000 g are applied for several hours. Thus, 
quantitative estimates'of fibril abundance w11]'depend on further |
development of separation techniques permitting direcf.weight measure-
ments accompanied by accurate estimates of purifitation‘1os$es§ ”Sbme
steps have been taken in this d1rect1on (Burn1son 1978).

“Two . prob]ems in est1mat1ng fibril abundance were obser»ed» First,
fibrils having a diameter near 2 nm are too fine to be resolved unless
they are extremely well stained. Even when sucaessfully stainad,
they still escape detection at low magnificatiqns.' Cohsequently,
our survey technique tends to underestimate the abundance of the finest
fibrils. Second; we encountered several types of eIectron—]ucent

(Leppard and Colvin 1978) fibrils having e]ecfron-opaque coatings whose

appearance at search magnifications (4,000x) on the viewihg_screen

of the electron microscope was that of an e]éctroh—opaque fibrii.

01-4075 (12/74) DO 1075
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Any departure from the highest standards of microscepical and pheto-

graphic technique led to an incorrect categorization of such fibrils.

Prior to this survey, we had focussed on ribbon-11ke fibrils

because of their abundance in St. George Lake and in the Bay of Quinte,
‘a eutrophic bay on the northern shore of Lake Ontario. However, the

. presence of a variety of electron-opaque fibrils other than ribbon-

Tike typeé from several of our surveyed lakes has caused us to make
coeceptualvadjustments,in‘trying to understand‘their'chemistry and
bxolog1ca1 roles (see Leppard et al. 1977). E It;is.clear now thétf
considering a]] electron- opaque fibrils to be chemlca1]y and phys1o]o—
gically s1m11ar is a dangerous assumpt1on Furthermore one shou]d

not ignore less abundant categories of d1st1nct1ve col1o1ds (as def1ned
microscopically) in ruture attempts tc unuerstaqd the roles. f f1br11s
in lakes. .Thisvis emphasized by Figs. 8, 9 and 10 which iT]ustrate_
physical relationships between fibrils and other‘cd]]oids having poten-
tially important roles.. The.nature of these re1ationships is such

that they are not Tikely to have been.created by'the sedimentation

step in sample preparation and they are subject'to verification by

more specialized te;hho]ogy (see Guckert gﬁ;glL 1975). AS'documented
in Fig..8, an examination of aggregates of clay 1eaf1ets revea1s a
fibrillar finkage between some of them. A efudy of cell wai] fragments
reveals them tc_.be cross-connected occasiona11y to somewhat distant

clay particles by .means of fibrils (Fig. 9). Fig. 10 suggests that..

viruses may be present in.lake‘water as aggregates which will not pass

fine filters. in filtration procedures used in sampling for viruses.

01-1075 (12/74) DOE 107%
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Further microscopical surveys are needed to assess the significance
. _ : Y ' R
of these viral aggregates as well as:some of the other components of

DOC.
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TABLE 1. Sampling program for a microscopical analysis of sedimentable colloids in lake water.

| | N ‘
‘ c . L .
i ' )

7m

, A , 2
- Lake Time gﬁ?}gézrdm Notes' | e122¥ggiT§§a§:e'
: : fibrils
Lake~0ntario ~ June 1976 Tm 1
" | o 10 m 1
on 1
Z_m above bottom  sediment trap - 3 days "1
| ét. George Lake February 1976 bottom sédiment-trap ' 3
| March 1976 1 m above bottom sediment trap - 5 weeks 3
April 1976 -~ s 3
1 m above bottom sediment trap - 2 weeks 3
May 1976 Oom | 3
”4 m .3
' 13 m 3
July 1976 0m surface froth 3
September 1977 ‘ Om 3
| 3




" TABLE 1. (continued)

St. George Lake.
Second Basin

" Thompson Lake

‘Jack'Lake‘

- Lake Erie -

Central Bdsin

Lake Erie

~ Western Basin

September 1977

August 1978

August 1978

September 1976

September 1976

~ October 1977

Mimnm

18m

~ 1 m above

3 m above

1 'm above

bottom

bottom

bottom

21/2m

Sm

“metalimnion

~spiroides

-sediment trap

metalimniaon

sediment trap

- sediment trap

“sediment trap

sediment trap

- sediment trap

"‘dominated by Anabaena -

1 week

1 week

1 week

5 days
6 days

2 1/2 days

-t

2




TABLE 1. (continued)

Ericksen-Elphinstone »_‘
- District Lakes .

o255

1318

L885

Kootenay Lake

4

July 1977
~ July 1977
July 1977

July 1977

12w

1/2 m
1/2 m

2m

8 m

~ dominated by Aphanizomenon

W

w

—t

the sedfmént trap was suspended in the waterlcolumn‘is indicated.

| 1samples are conventional water sémples unless indicated as being from a sediment trap. The time that

'jle‘rating'df 3 for abundance means that the electron-opaque fibrils were both readily encountered and

* the single most common material observed. A rating of O for abundance means that they were not observed

during the initial stages of the search.
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FiguréfLegends |

A]] f1gures were produced from mater1a1 f1xed in glutara]dehyde-

ruthen1um, postfixed in osmlum-ruthenlum and poststa1ned w1th uranium

~and lead.

FIG. 1.

- FIG. 2.

FIG. 3.
FIG. 4.

FIG. 5.
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Al printing was done de11berate1y at maximum contrast to

' preSent an opt1ma] view of.the fibrils. ‘The bar represents 0.5 um

&2 Surface of a green alga showing dense]y—packed, fine-
fibrils extefnal to the cell wall. 0.5 m water sample

from_Erickson—Eiphinstone District Lake 318.

- Loosely-packed fibrils extending a great distance into:

the water from an eukaryote-alga. ‘the’tﬁézéeEt'that some

fibrils can be traced 1nd1v1dua11y for up to severa1 m1cro-

meters. A1sn note, in the centar a rare case of severa1

- coalesced fibri]s giving the-impression of a thicker straxght

fibril. 0.5 m watef sample from Ericksbn-E1phﬁnStoné_Dis- . '
trict'téke,318. S 7 | |
EEIBetached_ceil‘wall in the pkbcess of:disinteération showiﬁg‘
an attachment of'surface fibrils on one side only. 13 m
water sampae-frbm St. Gebrge Lake. |

Thick branched fibrils and their thin brahcﬁes; Note the
apparent, three-d%mensional netwokk formed by the aséocia—
tion of the branches. 2 m watef sample from Kootenay Lake.
% Sample of surface froth revealing extremely finé fibrils.
These are the thinnest ffbrils which can be c]eariy dis-
tinguished. Hote the magnificatfon and comparé wifh the

fibrils in Fig. 3 and Fig. 4. Surface water sample from
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FIG. 6,

FIG. 7.

FIG. 8,

FIG. 9,

FIG.

10.

- St. George'Lake

HE Surface of a green a]ga surrounded by an e]ectron opaque
slime layer wh1ch at 1ts edges, rarely reveals some
extreme]y fine fibrils approaching the reso]ution ]imit‘of'
the electron microscobe for seétions.  EriCks6n-E]pthst0ne
District Lake 318, |

aElBiscarded-motheriéell wall of a green aléa showing several

distinctly different fibri]]ér matefiais ~ The wall proper

Areveals a typical cellulosic wall pattern,_1n wh1ch 1ayers  -,

of rigid fibrils appear or1ented in a criss- cross manner

Projecting 1nto ‘the externa] milieu is a_]ayer of at ]east -"
two varieties of e]ectron—opaque fibrils attached to the wall

proper. Some fibri]s are e]ectron-luceht with én'é]ectronf

opaque coatnng - see arrows. Erickson-E]phinstone‘District
Lake 318. |

Near the bottom of a lake, many of the-colloidal particles

can be tentative]y identified as c]ay Sometimes a network :

of f1br1ls is found between these c]ay partxc]es 40 m

water sample from Lake Ontario.

& Cell wall fragment showing fibri}s.extending from dne

side only. These fibrils appedr to penetrate adjacent
colloidal particles. Some of the adjacent particles may be
tentatively classified as clay. Sedimentvtrap, 2.5 day

sample taken 1 m above bbttoﬁ,Lake Erie, westerh’Basin.

Virus-like particles embedded in a meshwork of fine fibrils.

20

. . '
% 1 Y e e e & e s e o
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Note the clear regions of diffefént diménéionsvaround
some particles. Sedihent'trap, 5 week sample taken 1 m -
-above bottom, St. George Lake. |

2 Example of a distinctive particle of probable

.biological origin. Note the high]y»organiied geometrical

substructure. I11-defined fibrillar extensions cah be seen ‘
attached to each structure. Sedimént trap, 6 day sample
taken 1 m above bottom, Central Basin of Lake Erie.

Another example ofAreadiTy'characterized particles

(readily categorized‘according‘to dimgnsions and form)

which may be tentatively idéntified as_fragments'5¥ exo-

~ skeleton. Sediment trap, 5 weekisamp]e; taken 1 m above

 bottom, St. George lLake.

&2 Empty cell whose wall iS-'invthe proéess of disinte-

gration. The fhtefna]_]ayer of wall reveé]s a multitude

“of electron-opague fibrils pfojecting into the lumen. This

is an unusual case; such fibrils found either oh‘the,surface'
of the walls of living ceils.of on décomposing cell walls
are usua]]y associated with’the oufer surface of the wall.
Sedimebt trap, ] week éample,A18 m, Jack Lake.

Thick and thin fibrils attached to a wall layer which is
being released into the external milieu from the cell wall

of a green alga (not shown). Surface water sample, Thompson

Lake.

4§iEﬂectron—6paque,-fibri]]ar material associated with a .




. 1 ‘ . ' t_ﬂue-green alg‘a.' Sedimentv trap, ‘I‘ Qeek samp1e, 18 m, Ja;k._

. 2  Lake. o e
.3 FIG. 16, 2 Unique examﬁle of a’nv ag‘g.re'g.ate of ele_ctfdn-cpaque fibril§
4 - -which are arrayed géometricaﬂy. These fibrils are |

5 K o un'usuaﬂy straight and frequently cross at ~'r"1'ght ang]e‘s;

6 o | ~ Sediment trap, 1 week sample, 18 m, Jack Lake. |

7 FIG. 17.} One of tr;e most common varieties of e]_ect_r‘oh-opaque

8 : | fibrils. These are found frequently in many Tocations.

9 - | At least some 61’ thé granu]ar'stkuctures are -cross-*s‘e.ctions"

.10_' _' | v}and near crqss-sections pf fibr'ﬂé‘. Sediment trap, 1 week |

n | . sa,mpTe, 18 m, Jack Lake. , | o |
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