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SOME R E M A R K S  C O N C E R N I N G  THE CLASS 

CHRYSOPHYCEAE* 

by 
Mary Parke 

The Laboratory, Plymouth 
At the International Botanical Congress in Montreal in 1959, I said, when referring 

to scale-bearing chrysophycean genera, " Excluding the coccolithophorids, the forms 
examined so far appear  to fall into the same two series if grouped either on flagellum 
structure or on scale structure." In the present address I propose to enlarge on what I 
said concerning taxonomy in the Chrysophyceae, especially as many  new facts have 
recently been brought to light. In the Chrysophyceae two series may be distinguished: 
the first includes genera with a pleuronematic flagellum (i.e. with flimmer) and scales 
(when present) impregnated with silica; the second includes genera with acronematic 
flagella only (smooth surface, without flimmer) and scales (when present) without any 
mineral impregnation. Recent work has already shown that some at least of the cocco- 
lithophorids must be included in the second series. The naked chrysophycean forms also 
fall into one or the other series when grouped on flagellum structure. The very recent 
work by Dales (1960) on the pigments of members of the Chrysophyceae also suggests 
that there are two.series within the class, the same two series as those separated by flagellum 
or scale structure. 

The first series includes such well-known fQrms as the naked genus Ochromonas and the 
scale-bearing genera Synura, Parapt~somonas and Mallomonas, all of which have one of their 
two flagella structurally similar to the diatom sperm flagellum, i.e. pleuronematic (Stosch, 
1958b). The second flagellum is acronematic and therefore structurally different. 
Bourrelly's (1957) theory that in the Ochromonadales there is a gradual reduction in the 
size of the acronematic flagellum, until in Mallo,nonas it persists only as the photoreceptor 
peduncle while in Chromulina it has completely disappeared, is supported by the finding 
of a very short internal second flagellum in Chromulinapsammobia in addition to the external 
pleuronematic flagellum (Faur~-Fremiet and Rouiller, 1957; Rouiller and Faur~- 
Fremiet, 1958). Some genera, e.g. Pavlova, also possess an accessory filiform organ for the 
temporary anchorage of the cell, comparable to the haptonema of the second series (see 
p. 48) but almost certainly different in structure since it contracts instead of coiling. 

In addition to possessing a pleuronematic flagellum and a unique type of attaching 
organ, the structure of which is not yet known, the genera in this first series have their 
scales, when present, impregnated with silica. These scales, even in the small number  of 
forms so far examined under the electron microscope, show as wide a range of structure, 
from the simple to the complex, as that found in diatom frustules. The  outer face of the 
scale may have a smooth poroid or non-poroid surface, or it may bear arLy degree of 
ornamentation up to a most elaborate system of papillae, punctae, folds and ribs (Harris 
and Bradley, 1957, 1960 ; Houwick, 1952 ; Manton, 1955 ; Manton and Leedale, 1961b ; 
Petersen and Hansen, 1956, 1958). The most complex types of scales appear  to be the 

*The fourth presidential address, presented to the British Phycologlcal Society on January 6th, 1961. 
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sculptured forms on a basic poroid plate, some of which show a structure which might 
possibly be comparable to the locular diatom wall. For example, the scales of Mallomonas 
lychenensis, replicated by Harris and Bradley (1957), show what might be classed as areolae 
fully open to the outside with a sieve membrane on the side adjacent to the protoplast, 
while in Synura uvella, illustrated by Petersen and Hansen (1956), parts of the scale on the 
basic punctate layer show strong ribs forming hexagonal meshes, each section being 
covered by a thin membrane with a single hole in it; these scales might be classed as 
having simple partially closed areolae. The inner face of the scales of this first series is 
recorded as being smooth, punctate or poroid; in no instance has it been recorded as 
showing a patterning of radial ribs or ridges, which is the characteristic patterning for the 
inner face of the scales of the second series. 

The second series also includes both naked genera, e.g. Isochrysis, Dicrateria, Diacronema, 
and scale-bearing genera, e.g. Prymnesium, Phaeocystis and Chrysochromulina, all of which 
possess two flagella, bo~h acronematic in structure (smooth, no flimmer), which can be 
equal, subequal or unequal in length and can show homodynamic or heterodynamic 
motion or both (Parke, 1949; Parke, Manton and Clarke, 1955, 1956, 1958, 1959; 
Prauser, 1958). A third filiform organ, the haptonema, can also be developed, e.g. in 
genera Prymnesium, Phaeocystis and Chrysochromulina, and when present is used for the 
temporary anchorage of the flagellate or flagellate stage to a solid surface (Parke et al., 
1955). It can also persist as an anchoring organ during the early stages of the non-motile 
phase of the organism (Fig. 5). Whether or not the haptonema is present in all members 
of this series--in some forms in such a rudimentary state that it is not recognisable under 
the light miscroscope--is not yet known. I suspect that it may be present, in addition 
to the two acronematic flagella, both in the naked Isochrysis galbana and in a scale-bearing 
form (No. 133 in the Plymouth collection) which is similar to the genus Dicrateria except 
that it has a covering of scales. There is no genus described into which this scale-bearing 
organism can be placed if it lacks a haptonema. 

In the second series the scales, when present, are extremely delicate and, as far as is 
known at present, are composed only of organic material. There is a basic type of scale 
found commonly throughout this series, often in association with others of markedly 
different appearance (Parke et al., 1958, Plate I I I ) .  This basic plate-type scale is usually 
round or oval, sometimes angular, the inner face showing a radiating pattern of ridges 
which reach to the edge of the scale, while the outer face usually shows a lattice of criss- 
cross striations or sometimes roughly concentric surface ridges, usually within a raised 
rim of varying width. 

In the genus Prymnesium the short haptonema does not coil or contract, although it 
can bend, and the scales are of the basic type. In the genus Phaeocystis--probably better 
known in its non-motile phase--the motile phases of the type species are similar to 
Prymnesium in having a short non-coiling haptonema and the basic type of scale, but one 
phase has the scale covering enclosed in a network of fibres and probably represents the 
motile stage described by Kornmann (1955) as the " macrozoospore." The life-history 
of this organism is not fully understood. 

Until the whole form-range has been studied, the genus Chrysochromulina may be taken 
to include all the organisms which show no detectable mineral impregnation in, or de- 
position on, their scales, and which have two acronematic flagella, equal, subequal or 
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unequal in length, and a haptonema which is coiled when not extended as a straight rod. 
In this genus the length of the haptonema can be 2-20 times the body length (Parke et al., 
1955, 1956, 1958, 1959). Professor Manton's  investigation of the internal structure of the 
haptonema has shown that, in contrast to the flagellum, it possesses three concentric 
membranes surrounding a ring of fibres and a central space. The number  of component  
fibres in the ring seems to have the constancy of a specific character, e.g. six in Chryso- 
chromulina strobilus (Parke et al., 1959). 

Many  of the organisms placed in this genus possess dimorphic scales, but only in C. 
strobilus have two distinct types been demonstrated, arranged one beneath the other in 
separate layers. In this species cup-shaped scales with conical thickened bases are arranged 
in a very regular layer, and beneath them are plate scales, also in a single layer. Despite 
the two layers of scales, the species exhibits phagotrophy, which suggests that  scale pro- 
duction must in some way be a cyclic phenomenon, a conclusion also reached in con- 
nexion with the scale arrangement in C. chiton. From the Chrysochromulina species so far 
studied, various modifications of the basic plate-type scale have been recorded, particularly 
the production of central spines, which usually (though not invariably) are attached by 
four decurrent ridges. Even with the covering of scales, all the described forms have been 
shown to exhibit phagotrophy. 

During recent years some evidence has been accumulating which suggests a close 
relationship between some members of the Coccolithophoridaceae and the organisms 
placed in the second series. In Paris in 1954 I demonstrated for the first t ime by means 
of Professor Manton's  electron micrographs that  a number of chrysophycean forms 
possessed two acronematic flagella. Included among these forms was a coccolithophorid, 
Syracosphaera carterae, as well as both Prymnesium parvum and lsochrysis galbana; thus my 
1949 statement was confirmed, that  I could not find mastigonemes on either flagellum in 
Isochrysis by Loeffler's staining technique (Parke, 1949). 

Stosch (1955, 1958a) then published the very exciting information that  a cocco- 
lithophorid---again of the Syracosphaera t y p e - - h a d  a non-motile " Heterococcus-phase " 
and a swarm cell of the Prymnesium type. Professor Chadefaud also brought to my notice 
Schlauder's (1945) publication in which she recorded three flagella in Pontosphaera 
triangularis, of which the third flagellum appeared to be more rigid than the other two; 
it may therefore be a haptonema. 

More recently, Miss Adams and I have shown (Parke and Adams, 1960) that  the 
motile Crystallolithus phase of another coccolithophorid, Coccolithus pelagicus, can be placed 
in the second series. I t  possesses two acronematic flagella, a haptonema of the Chryso- 
chrornulina type (i.e. it coils), and scales with a radiating pattern of ridges on the inner 
face, although the outer face appears to lack a raised rim ; it can also be phagotrophic. 
I t  differs from the genus Chrysochromulina only when the scales have developed the deposit 
of  calcite crystals which are laid down in a particular pattern on the scale to produce the 
holococcolith. 

The stages in the life-history suggest very strongly a type of life-history similar to that 
found in the Chrysochromulina species that  have already been studied. The large-sized 
Coccolithus pelagicus is equivalent to the large non-motile walled stage in Chrysochromulina : 
As in Chrysochromulina, the large Coccolithus divides to produce four daughter-cells, which 
in this case are not walled but coccolith-covered, and from which the motile Crystallo- 
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lithus stage is released by the d iscarding of  a single coccolith. Sexual  r eproduc t ion  has 
been demons t ra ted  in some members  of  the first series, but  so far no conclusive evidence has 
been ob ta ined  tha t  it occurs in members  of  the second series (see, however,  Schwarz,  1932). 

F rom the s tudy of  o ther  coccol i thophorids  in cul ture  in the  P lymouth  cul ture  collec- 
tion, some very interest ing and  impor t an t  facts have emerged concerning  the non-mot i le  
phases in the i r  life-histories. 

Plates I and  I I  show only a selected few of  the i l lustrations used in m y  address,  bu t  
Figs. 1-7, 9 a n d  13-21 demons t ra te  the form-range  of  stages tha t  can be found in clonal  
cultures of  three  different  coccol i thophorids,  Syracosphaera carterae Braa rud  and  F a g e r l a n d  
(1946), Stosch's (1955, 1958a) Syracosphaera (not yet  named)  and  Pr ingsheim's  (1955) 
Pleurochrysis scherffelii. T h e  non-mot i le  stages can be ma tched  with forms of  Chrysophyceae  
such as Chrysosphaera marina Schussnig (1940), W a e r n ' s  (1952) Apistonema sp. and  A. 
pyrenigerum Pascher from the Baltic, and  Anand ' s  (1937) Apistonema carteri, Chrysonema 
litoralis, Thallochrysis litoralis, Chrysotila stipitata and C. lamellosa from the chrysophycean  
zone on the chalk cliffs near  Westgate .  Equiva len t  stages can also be found in the chryso- 
phycean  zone discovered by Dr  Helen  Blackler on the  chalky sandstone cliffs of St. 
Andrews Bay, Scot land.  The  moti le  phase of each of  the coccol i thophorids  n a m e d  ear l ier  
possesses, in add i t ion  to the  two acronemat ic  flagella, a very short  hap tonema ,  previously 
recorded only for Stosch's organism (Figs. 1, 4). T h e  h a p t o n e m a  is ex t remely  difficult to 
detect  and  can  be seen only when  the  mot i le  cell is in the  " naked  " stage before the  
coccoliths are  developed (of. Figs. 2, 4). The  " naked  " stage, like the Crystal lol i thus 
stage of  Coccolithus pelagicus (cf. Parke  and Adams,  1960, Pla te  I) ,  is covered with  scales of 
the  basic type on which are  p roduced  the coccoliths ; in these three  organisms they  are  of  
the open ring type  known as cricoli ths (Braarud  et al., 1952 ; Braa rud  et al., 1955). Unl ike  
the Coccolithuspelagicus moti le  stage, however,  these moti le  stages are  not  phago t roph ic  but ,  

Fig. I. 

Fig. 2. 

Fig. 3. 

Fig. 4. 
Fig. 5. 
Fig. 6. 

Fig. 7. 

Fig. 8. 
Fig. 9. 
Fig. 10. 

EXPLANATION OF PLATE I 

Photomicrographs of material grown in culture 

(Figs. 1-8, x 1650; Figs. 9-10 × 375) 

Young motile cell of Syacgsphaera carterae Braarud & Fagerl. recently liberated from the benthic 
stage, showing a very short, part[y extended, haptonema between the two acronematic 
flagella ; scales covering body but cricotiths not yet deveIoped. 

Mature motile cell of Pleurochrysis scherffetii Pringsheim with two acronematic flagella, unequal in 
length, and thick covering of cricoliths which mask the haptonema. 

Early fission stage of P. scherffelii, showing four flagella and a thick layer of coccoliths round the 
body. 

As Fig. 1 but of P. scherffelii. 
Non-motile stage of P. scherffelii betbre fission, anchored by the short haptonema. 
P. scherffelii in non-motile Chrysosphaera stage, having divided into four daughter-cells after 

casting its cricoliths. 
P. scherffelii in non-motile Ochrosphaera stage, having retained its cricoliths and divided into four 

daughter-cells. 
Dividing cells of Ochrosphaera neapolitana Schussnig surrounded by coccoliths. 
Syracosphaera carterae in benthic Chrysotila stage; treated with Schultze's solution 
Cyst stages (dark round masses) of Ochrosphaera neapolitana. 
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like the Crystallolithus stage, they divide in the modle  stage (Fig. 3) and can remain 
permanently in that  stage if conditions are suitable. When  cultures are left without  
subculturing, non-motile stages develop. Their  appearance  depends greatly on the length 
of time for which they have been in the non-motile state, and on whether  they are growing 
free or at tached,  on the bot tom or sides of  the flask, or in or out of  the culture medium. 
Those growing out of  the medium for a long period nearly always have a thick striated 
wall (Fig. 17) (cf. also Lund ,  1942; Waern,  1952, Figs. 34-37). 

O n  becoming non-motile the cells can be said to be in the Ochrosphaera  stage 
(Schussnig, 1930, 1940), and can occasionally be seen at taching by means of  the hap tonema 
(Fig. 5). Cell division then begins, the cells first become tetrads, and then either retain 
their coccoliths as the Ochrosphaera  stage (Figs. 7, 8) or cast them to resemble Schussnig's 
Chr~'sosphaera species (Fig. 6). I f  the daughter-cells do not remain in tetrads but  slide past 
each other  to form rows and then continue to divide, they become either Nematochrysis 
(Fig. 14) or Thallochrysis (Fig. 18) stages. Wi th  further cell division and stretching, the 
Apistonema (Figs. 13, 15-17) and Chrysonema (Fig. 19) stages appear,  while the Chry-  
sotila stages develop, as in Prasinocladus, by the periodic contraction o f  the protoplast in 
the upward  direction, followed each time by the secretion of  a new membrane  (Figs. 9, 
20, 21). Bourrelly (1957) suggested that  the form of  Apistonema pyrenigerum sometimes 
recalled the dendroid colonies of  Chrysotila (cf. Fig. 17). 

The  problem is now to which coccolithophorid can a part icular  Apistonema species be 
a t t ached- -o r  for that  mat ter  the other described marine forms already mentioned.  One  
freshwater species, one freshwater or brackish species, and three marine species o f  Apistonema 
have been described, the species depending on the number  of  chromatophores  and pyre- 
noids present per cell and on the presence or absence of  a stigma in the motile stage. 
Anyone who has tried to identify an Apistonema species has come up against the same 
p rob lem-- the  recognition of  pyrenoids in the cells. Dangeard  (1934), L u n d  (1942), 
Bourrelly (1948), Waern  (1952) and Magne  (1954) have all stated that  pyrenoids are 

EXPLANATION OF PLATE II 

Photomicrographs of material grown in culture 

(Figs. 11-12, × 2250; Figs. 20-21, × 1200; Figs. 13, 17-18, × 750; Figs, 14-16, 19, × 375) 

Fig. 11. Motile cell (9 × 6.5/~) of Ochrosphaera neapolitana, recently liberated from the non-motile phase, 
showing the proximal parts of the two acronematic flagella, a large stalked pyrenoid in the 
centre of the body and a fine line round the body indicating the scale covering. 

Fig. 12. Non-motile incipient fission stage of O. neapolitana, showing two large pyrenoids, one attached by 
a neck to inner face of a chromatophore. 

Fig. 13. Apistonema stage ofSyracosphaera carterae, showing ceils full of"  lipid bodies." 
Fig. 14. Nematochrysis stage of Pleurochr~sis scherffelil. 
Fig. 15. Apistonema stage of Syracosphaera carterae, showing ceils full of " lipid bodies,"; some filaments 

passing into the Chrysonema stage. 
Fig. 16. Filaments of the Apistonema stage of S. carterae and empty walls of the Chrysosphaera stage from 

which the motile cells (Fig. 1) have been released. 
Fig. 17. Gloeochrysis-Apistonema-Chrysotila stage of S. carterae (cf. Waern, 1952, Fig. 34). 
Fig. 18. Thallochrysis stage (young) of Pleurochrysis scherffelii. 
Fig. 19. Chrysonema stage of Syracosphaera carterae. 
Figs. 20-21. Chrysotila stage of S. carterae. 
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difficult to see and that their presence may be inconstant. I agree with their statements 
concerning the difficulty of recognizing pyrenoids with the light microscope, since I have 
been wrong about their presence in some Chrysochromulina species, as Manton has shown 
by sectioning the material (Manton and Leedale, 1961a). Sometimes they are difficult to 
find in the Apistonema and other stages of certain coccolithophorids, although at other 
times they can be clearly recognized (Figs. 11, 12). Globules of unknown function, here 
referred to as " lipid bodies " for want of a better name, frequently occur in large 
numbers in the cells (Figs. 13, 15) and appear  to arise from the inner face of the chroma- 
tophores. In such cases they can mask the pyrenoid completely (Fig. 13). One wonders 
if the external pyrenoids (Figs. 11, 12) are always present in the organisms for which they 
have been recorded (cf. Parke et al., 1958, Plate V I I ;  1959, Plate IV). I t  is obvious 
that we need information on the chemical nature of these organelles so that a diagnostic 
colour reaction can be found for checking their occurrence. Another difficulty in trying 
to identify an Apistonema stage with a described form is the variation in the number  of 
chromatophores per cell, since the number  has been taken to be a specific character 
(cf. also Waern, 1952, p. 89). Bourrelly (1957) suggested that the only characters of value 
for distinguishing an Apistonema species might be given by the zoospores, but added that 
these were seen only very rarely. Although I have not yet made a detailed study or com- 
parison of the production, release (Fig. 16) and structure of the nake& stages (cf. Figs. 
1 and 4) in the three species or in the St. Andrews material, from the observations that I 
have made they appear  very similar. I t  may therefore be necessary to culture the motile 
stage (Fig. 4) until the coccoliths have been formed (Fig. 2), and then to examine the 
coccoliths by the electron microscope, before an Apistonema stage can be named and 
related to its motile phase. 

So far two types of coccolithophorid life-history have been illustrated, the Coccolithus 
pelagicus type and the type with an Apistonema stage, both types possessing, in the motile 
phase, the characteristics of my second series. A third type of life-history may be re- 
presented by the type species of Ochrosphaera, O. neapolitana Schussnig (Figs. 8, 11, 12), 
described as producing gametes and zoospores of the Ochromonas type (Sehwarz, 1932). 
From the single strain in the Plymout~h collection no evidence of sexual reproduction has 
been obtained, but with the help of Professor Manton's  electron micrographs it is evident 
that  the motile stage (Fig. 11) is not of the Ochromonas type. Like the other coccolitho- 
phorid motile stages shown earlier, it can be placed in the second series, as it has the body 
covered with scales and possesses two acronematic flagella, subequal to unequal in length ; 
unlike them, however, it remains motile for only a short period and I have as yet no 
evidence that  it possesses a haptonema or that it can divide in the motile phase. The 
discovery of its cysts (Fig. I0) is of great interest, as their structure seems to place this 
organism close to the two little-known groups of coccolithophorids, the Thoracosphaeridae 
and the Discoasteridae, known only from empty cysts or separated cyst elements. 

From these facts of some coccolithophorid life-histories, I suggest that the present 
system of classifying the coccolithophorids on the morphology of their coccoliths will 
prove unsatisfactory in the future. I t  may be that eventually the classification of the cocco- 
lithophorids within the Chrysophyceae will have to be based on their type of life-history. 
This may or may not run parallel with coecolith morphology, but only t ime- -and  a very 
great deal of hard work--will  give us the answer. For example, all the inshore phototrophic 

52 



coccolithophorids with cricoliths on the motile stage may produce a benthic filamentous 
phase, perhaps growing best on a chalky substratum on the shore (cf., however, Waern, 
1952), while another series could, like Coccotithus pelagicus, have a phototrophic and/or 
phagotrophic motile phase, bearing delicate coccoliths, and a non-motile cyst stage, 
covered by comparatively tough coccoliths from which the motile phase is again released 
when conditions are suitable. A further series may have a complicated type of life-history 
like that recorded for Coccotithusfragilis Lohm. by Bernard (1948, 1949), and yet another 
series may have its non-motile phase endophytic in the wall strata of another alga 
(Waern, 1952 p. 90) or symbiotic in some animal. 

Dr Lund (1959), in his presidential address two years ago, said " We shall never 
understand the ecology of algae without a vast amount of cultural work. We must, 
however, combine this with observations on populations in nature." How true are his 
words. From the few facts I have given you today it is obvious that all the benthic chryso- 
phycean forms that have been described will need to be re-examined both by observations 
in the field and by means of cultures. It is now clear also that it is not sufficient to describe 
a motile stage immediately upon its release from the benthic stage; it must be followed 
for some time in culture to see whether or not it produces coccoliths--as occurred, for 
example, in Pleurochr~sis scherffelii, and as probably occurs in the motile stage of Chrysonephos 
lewisii from the Florida Keys, since Taylor (1951, 1952) records the motile cell as being 
inconspicuously verrucose towards the foremost pole. Only cultures of the organism will 
give us the required information. 

I am not suggesting that all the known marine benthic Chrysophyceae are phases of" 
coccolithophorids; some certainly are not. For instance, the organism described by 
Anand (1937, Fig. 4) as Gloeochrysis maritima, and observed by him only in the non-motile 
phase, produces an Ochromonas motile stage which agrees with the description of 
Ochromonas oblonga Carter (1937). It  can be phagotrophic, and it divides in the motile 
stage, in which it can persist indefinitely, i.e. as an Ochrornonas species. This organism and 
also Phaeocystis pouchetii can be used to illustrate the difficulties that one encounters when 
trying to place many organisms within the framework of any of the systems of classification 
for the Chrysophyceae. Both organisms can be kept indefinitely either as the motile phase, 
one as an Ochromonas the other as a Pryrnnesium, or as the non-motile phase, the phase 
assumed being apparently dependent on external conditions and not controlled genetically. 
Should they be classified as motile forms or as non-motile forms which produce zoospores 
and/or gametes ? 

That  external control of the phases is a possibility, at least for some chrysophycean 
forms, may be of extreme importance from the fisheries angle, particularly as food in the 
culture and rearing of shellfish larvae. The recorded occurrence (Braarud and Fagerland, 
1946) of Syracosphaera carterae in such numbers as to produce a bloom in an artificial pond 
used for the rearing of oyster larvae at the hatchery at Fl~devigen, near Arendal, South 
Norway, suggests that external control is not only a possibility but a probability with some 
forms. Much work by the physiologists will be needed, however, to find out the require- 
ments necessary to produce the motile and non-motile phases at will. It must also be 
known in which organisms the phases can be controlled by external means. Time and 
patience will also be required to relate the many described motile phases to their non- 
motile stages, as well as to clear up the many nomenclatural problems that will be 
involved. 
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Magne (1957a, 1957b), summariz ing most of the known records for mar ine  benthic  
Chrysophyceae, shows how little knowledge we have of their existence in nature,  and  how 
justified was Pascher (1925) in his criticism of mar ine  algological investigations which 
ignored these forms. Since Pascher's criticism there has been an "awareness" of the 
benthic Chrysophyceae by some workers in the mar ine  field, bu t  by m a n y  ecological 
workers they have been and  still are, completely ignored. 

I hope that  I have given some slight idea of the enormous amoun t  of exciting work 
that is wait ing to be done on members  of the Chrysophyceae. I have suggested that  there 
may be two distinct series grouped in this class, one series with affinities towards the 
diatoms and  the other related more closely to some, if not to all, of the coccolithophorids. 
The  data,  of course, are at present too f ragmentary to enable any  firm proposals to be 
made on classification in the class, but  they certainly suggest that further work may 
clarify our  unders tanding  of it. I sincerely hope that before I retire some of our young 
members  will be working on this class and  will be able to tell our Society whether  the 
suggestions which I have made  today have turned  out right or wrong. 
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