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well...<fcvclopcd at the tip (width c. 130Jtm). Here we find gradually widening hyphae, divided into 
short cells (but no spherocysts) with a diameter up to c. 13Jim (Fig. 28. detail o f the same section 
under higher magnification). Between the stem pan and the ascending hyphae of the veil. a zone 
o f narrow prou:nchymalic hyphae made up of isod iametric small cells is to be found . One can 
o bserve a longi tudinal direction in thuc: hyphae too, but the mass of small cells r:nherrqJresc:nts 
a mcristemoid which gives rise to the pileus.trama and the undennost layer of the veil. which 
consists of shon cells. Beneath the para llel hyphae of the stem is a basal plectcnchyma with 
already inflated cells (diameter up to 6.5 Jim). 

(2) The ne:u stages are not described in dela il here as they show a normal copri noid 
development . Soon a ncr the init ial s truclure observable in stage 1. the palisade-hyphae or the 
hymenophorc: manifest themsel\'es, giving rise to an isoc-.1 rpous primordium , in which all pans 
dc: vdop proponionally. The extension of t he veil is no la ble in older stages: width over the 1ip of 
I he ca p is 479 pm in a primordium 'Ai lh a diametcror3.5 mm: width over 1he s1em is only 126Jlm. 
Though immt.'<liately o ver the pileus-surface the hyphae nre s1ill radia ting. !hey a re more 
interwoven toward !he periphery (diameter of the largest cells about 161lm). 

We will describe here onl y the development of the pileipcllis. which in this case is a true 
palisadodermium. When the primordium has reached a dia.meler of about 0.9- 1 mm. we see 
between 1he narrow lower end of t he hyphae which pass into the veil. peg-like cell at first only 
a few but therca fle r rap idly increasing in number. In a young carpopho re of 3.5 mm width. the 
palisade-layer is well-eslablished (Fig. 29), with lransversu l cross-walls in the cells which give rise 
to the hymenium-like dcrmium. As these cells mult iply and enla rge (length up to 20 Jlffi . diameler 
c. 3 I'm). 1he hyphae of the universa l 'leil are pinched o ff. and the vc:il is separated from the 
pilcustrama and can be fou nd on mature specimens as loose flocks. 

(3) The development o f the h)'Ttlenophore is decidedly rupthymenuous. as Fig. 30 shows. The 
primordium to which the la ngentia l section o f th is pho to micrograph belo ngs has a diameter (al 
the level o f the hymenophorc) o f 718 11m. The rndialing rows o f pa lisade-hyphae. cut 
trnn svc rsally. with sterile ba nds with hyphae passing into the lipsancnchyma which 
descends from 1he pileus-trama, are conspicuous. This s tructure is present from the beginning 
lhrougho ut the entire layer of palisade-hyphae. Ne,•enheless. there may be a peripheral portion 
where lhe bands of protenchyma1ic hyphae are less striking; this is the youngest part of the 
pulisade-layer. at the extcrio r ofwhich new elements are deposited during the primordial grov.1h 
(Fig. 31. d iame1cr 44 1 Jlm). As in most other spe<:ies of Coprinus. the edge o ft he lamellae is open 
in older primo rd ia. and !here is no indica tio n of lhc lamellae pressing against the s1em. and some 
hyphae run across in terspaces. 

Figs. 19-31. Coprinu.r flot'otlonJs. - 29. The palisadodermium at an intermediate stage x 225.- 30. 
Rupth)'1Tlenial or gin of the hymenophore x 200.-31. Peripheral palisade-hyphae in a later stage 
x 41 S. 

Figs. 32- 34. CoprinUJ marrorhi:u.r - 32. Youngest stage. As in C.flocculosu.s x 160.- 33. A 50me.,.,·hat 
older stage. The init ially at most pileostipiticarpous de,·elopment hu changed into an isocarpous one x 100, 
- 34. lntenncdiate stage with profusely de,·eloped \'eil and meristemoid under it x 100. 
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COPRI NUS MACRORHIZUS AND C OPRINUS MACROC£PUALUS 

It is appropriate to t reat I he closely related Coprinus macrorhizus ( Pns. rx Fr.) Rea and C. 
macrocephalus Bcrk.- of wh ich the latter is far less well known- together. The differences 
bel ween our specimens. collected in hothouses at Konenhoef, corresponded to those mentioned 
by Orton in his key (19S7: 270). with 1he exception of 1he fact that the spores of our C. 
mucrouphulu:~ were narrower. the longest ones ha ving a somewha1 cylindrical shape and 
therefore probably belonged to another race. The olher characteristicsofthe two species were in 
agreement with those described and depic1ed by J. La nge (1939: 110). Measurcmcnls of our 
spores were as follows: C. macrorhi:11s 9.5-1 1.2(- 12.8) x 6.5- 7(- 8) 11m. Orton's were IQ-11.5 
x 6-7 fim . For C. macrocephalus. we found: (9.5-) 11- 14.5 x 6.5-7.5 pm. Orton's were 11- 14 

(- 17) x 7- 9 pm. 
There is a high degree of conformity between the ontogenetic structures of the two species. A 

similar form has been described earlier. which we called C.flmnarius (Rt:ijnders. 1951: 13, cited 
in my book under the erroneous name C. radiatus). 

( I) The youngest stages of these species ha\·e the same construction (length of C. macrorhi:us 

504/lffi . width 28811m: length of C. macrocephalus 182/Jm. width . including veil, 315pm: Figs. 32. 
36). The center consists o f longi tudinal. somewhat inflated hyphae (diameter up to Spm). and 
over it is a zone of da rk staining hyphae which are divided into short cells. the longitudinal 
di~tion of which is less evident. Towa rds the tip, longitudinal hyphae ca n again be observed, 
widening gradually into inflated cells (up to a d iameter of about 10 11m), with a reduced 
protoplasmic content . These a re the hyphae of the un iversal veil, which is concrete with the inner 
portion of the primordi um. The veil a lso covers the sides of the primordium where it is narrower 
and consists o f ascending hyphae with large cells which are fo rmed a t an early stage. The 
radiating hyphae of the veil at the upper part of the: primordium are particularly conspicuous in 
C. macrocephallls. In both cases. beneath the dark staining centre, there is a well-developed basal 

plcx:tenchyma with inflated cells (up to about 8 ~Jm) . 

(2) Soon after this stage. the inner aspect of the primordium is changed considerably l:iy the 
appearance of an annular bundle of chromatic hyphae in the upper part. growing outwa rd and 
downward . This represents the origin of the pileus margin and the hymenophore. No annular gill· 
cavity precedes this fo rmation. Beneath it , we find the hyphaeofthe lipsanenchyma in sections or 
C. mocrorhitus(Fig. 33). In C. macrocephalus the hyph:te o f this annula r bundle project through 
the longitudinal hyphae of the lower part of the primordium and a lipsanenchyma is sti ll lacking. 
The sections in C. macrorhi:us have a height and a diameter of 315pm; the height is 454 JI-m and 
the diameter441 1lm in C. mocrocepholus. In the sections of the la tter species. the hyphae of this 
bundle are convergent in the beginni ng (see. e.g. Rcijnders. /97/ : 306, pl. I fig. 2b). With the 

Fig. 35. Coprinus macrorhi:u.r. Tendency towards a rupthymenial o rigin of the hymenophore, The la)"Cf 
o r palisade-hyphae is lcxally interrupted )( 320. 

Figs. 36-39. Coprinus macro<~phalus.- 36. Youngest stage ~~oi th remarkable de\·elopment or the universal 
veil x 200.- 37. Section. showing a lateral portion or the cap grown together with the veil meristemoid 
x 200. - 38. The universal \'dl fo rming a coif over the pileus in a more advanced suage x 80.- 39. 

Tangential section or a rather )'OUng stage demonstrating the tendency or the palisade hyphae to become 
arrangt'd in groups x 200. 
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appearance of this structure. the primordium shows three clear rudiments: thatofthestem.that 
of the pi leus (the tissue of the pi lcus-tramu is still very dense but the hyphae a rc more o r less 
interwoven) and that of the hymenophorc. The stem is still low, its longitudinal hyphae are 
somewhat innated , and the demarcation between stem and pileus-trama is abrupl. 

(3) In the co urse of development. a few more small changes ta ke place in the proportions of 
these parts. The vei l increases, principa lly over the cap. where the radiating hyphae are 
abu nda nt . Their oblong cells remain coherent and .,..;den towa rds the periphery. The veil is 
always concrete with the cap. Between the tr.1ma of the cap and the differentia ted cells of the veil 
is a zone with a strong cell-d ivision- a tissue we called meristemoid (Reij nders. /977) . Only o ne 
older stage of C. macrorhl=us was depicted (Fig. 34. diameter 756 pm). which shows the 
disposition of the gro .... i ng tissues clea rly. The lipsancnchyma is sca nt y and consists merel y of 
hyphr~e wh ich are directed obliquely upwa rd : these a re the ou termost hyphae of the young 
primordium which are no t incorpora ted into the stem. 

The veil over the cap is extremely we\1 -dcvc\opcd in C. macrocephallls; there it forms a coif 
(Fig. 37). It also extends over the stipc: a t the o utside of the pileus margin a rc longitudina l 
hyphae. a remnant of the original longi tudina l hyphae. The hu cral trama of the cap consists or 
parallel protenchymatic hyphae. and the veil and its meristemoid between them ha,·e bctn 
somewhat mo re highly magnified in Fig. 38. 

(4) We can st udy the conti nu ity o r interruptio n or the layer or the palisade-hyphae. which 
always precedes the fo rma tion ofthe hymenophore in tangent ial sections. Figure 35 represents 
this layer in C. macrorhi:l1s(dia metcr of t he section at the level of the hymcnophort: 441 pm). ln 
th is section. the la yer is interrupt ed here and there. but no t regula rl y. A similar section, but 
somewhat further fro m the axis, shows a n almost contin uo us layer of palisade-hyphae (diameter 
of the section 504 11m). It is therefore impossible to speak of a rupt hymenial origin of the 
hymenopho re in this species. With C. macroc~phafus on the o ther hand. we find a more 
pronounced rupthymenial origi n. Figure 39 represents this layer in a sectio n. which has a 
diameter o f 567 pm: Fig. 40 shoWs a somewhat older stage {diameter 756 pm). One obsen ·tl 
clearly the arched a rrangement o r the palisade-hyphae. 

Another interesting poi nt in the development o f the h)•menophore is the fac t that the edge of 
the gill saliems in the primordia are mainly open towa rd the stem. Thi s is also the cuse in these 
two species. Much has been written about this subject (t he litcra lurc has been compiled in 
Reijnders. 1948: 266-277: 1963: 248) . Ascending hyphae. running from the stem or lipsancn· 
chyma into the gill-t rama arc generally presen t (fig. 41 ). These hyphae. divided into sho rt cells. 
a rc wider than the hyphae of the trama but sometimes merge into each other. In the beginni ng. 
the pa lisade-hyphae push their way thro ugh the longitudinal hyphae of t he primordium. Also in 
cases where the la)'er or palisade-hyphae is continuous. some hyphae or the o rginal protcnchyma 
rema in bel ween them. When an an nular gill-ca\i ty has formed. these hyphaeinitjally traversc the 

Figs. 40-41 . Coprinus macroct-pholw. - 40. Tangcn1ial section of a similar stage as in Fig. 39 showing the 
same phenomenon x 200.- 41 . Tangential se<:lion of a more advanced slageshowing the open gill-edges 
and I he ascending hyphae which continue into !he 1rama or lhe lamellae where 1hcy narrow down x 400. 

Fig. 42-44. Coprinwnm w . - 42. Very young stage showing an isoc11 rpousorigin and !he firs! spheroc)'sts 
or the \'ti l x 400.- 43. Somewhut laler stage showing I he struclure or the veil x 2SO.- 44. Intermediate 
stage x 12S. 
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cavity; later, they arc tom apart (sec. e.g. Rcij ndcrs. /952. pl. 7 fig. S). Here there is no cavity: the 
hyphae oft he lipsancnchyma are wider than those of the gill-trama. but it is quite possible that 
these cells of one hypha differ under the innuence of loca l factors . With these two species no 

hyphae growing from th e gill-trama into the lipsancnchyma cou ld be observed to reinforce 
this- a phenomenon which is to be found in Coprinus as well . (This wi ll be dea lt with later.) The 
open edge of the lamellae has beco imputed to a pressure excerted by the young gills against the 

stem (Atkinson, 1916). but this cannot be the case. In all the series of sections which are being and 
have been a nalysed by the author. no indication of pressure in this region has been found (e.g. 
compressed hyphae). On the contrary. we stated that the tension a risi ng during the development 

produces a stretching in this part of the primordia . 

COI'RINUS CUM.TUS 

This species has already been subjected to thorough investigation by Buller (193/) . The 
anatomy o f the maturecarpophorcs is. therefore. well-known. However. o ur results concerning 
the ripeningofthespores are not in complete agreement with Buller's findings . This question wi ll 
be treated following the description of the development. 

(I) The youngest stage. a microtome-section of which has been presented in Fig. 42 (length 

160Jlm. diameter 114Jlm), already shows the rudiments. however smal l. of a ll important parts: 
the veil. the stem. the pilcus-trama and the palisade-hyphae of the hymenophore. Compa rison 
with other sp«ies of Coprifms leads to the concl usion that this isoca rpous construction has been 
preceded by the prestnce of the longitudinal hyphae onl y. giving rise in the lower port ion to the 
stem and in the upper part under the vei l to the pileus-trama. But in a very early developmental 
stage. the palisade- hyphae appear and spherocysts become apparent in the veil. 

(2) Three photomicrographs of median sections have been included here. The primordia are 
respectively: very young (Fig. 43. diameter 256pm). somewhat more developed (Fig. 44, diameter 

460 11m). and representing a young toadstool (Fig. 45. height 820 pm. width of t he eap 180pm). 
As the development is quite normal. no further description is necessary. Before stretching o ft he 
stem.the primordium remains low for a long time (Fig. 44). It appears that the veil is made up of 
two layers: an inner portion consisting of interwO\•en hyphae and an o uter envelope of 
spherocysts. which are also present a t the sides of the stem. No chains of spherocysts exist . 
however. These cells appear at the bo undary between these two layers. and some cells in the 
hyphae en large considerably to become spherocysts. The hairs typical of this species arc still 
lacking in the stage shown in Fig. 44. 11 may be that this section shows the very beginning o ft he 

Figs. 4S-47. Copdnus cuttus. - 4S. Median section of an advane«< slag~. with a conspicuous 
palisadod~rmium ovc:r the oc:ntre oft he: cap, sphc:rocysts ofth~ v~il . and hairs on 1heeapand. more scan~rtd , 
along the St('m x 100.-46, ~lail of the upper portion of the cap: showing the palisadodc:rmium wilh dark 
staining protoplasm in the: uppt-rc:nd of the: cells. sph~rocyst.s of the: vril. and dub-shaped dark staining hairs 
x 2SO.- 47, Tangential section of a young slag~ showing isolaltd arches of palisadc:hypac: x 400. 

Figs. 48-49. Coprinus hl':rugonosporus. - 48. Youngest s t ag~. -...•ilh «ntr~ of subparallel hyphae:, upptr 
part of\·~ry small isodiamc:tric cells. and uniw:rsal veil rtduttd I he some vesiculosc c:lcmc:nts x 2SO. - 49, 
Somewhat lat('r isocarpous stage. The: uni\'CrsBI \'dl is not coherent and consis1s for th~ great~r part of 
\'eticulosc ckmc:nts with a long n.11rrow neck: the lips.anc:nc:hyma is ~viden1 x 160. 
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palisadodermium over the centre of the ca p su rface; however. the pa lisades are barely 
distinguishable. The construction of the outer layers has changed notably in the third of the 
median sections (Fig. 45). and we note the important development of the palisade of the 
pileipellis(cL also Fig. 46. pileipellisand vei l of a still more advanced young toadstool. height 2.8 
mm. width ofthecap907 pm). These palisade-cells ha\'C a dark-coloured tip, which is caused by a 
protoplasmic concentra tion. The inner layer o f the veil has disappeared completely. a lithe cells 
of which probably having cha nged into spherocysts. Some of these cells at the outside have a 
thicker, brown...colourcd cell-wa ll , but these modified veil-cells (used in systematics for the 
distinction of the species) are not always present. The hairs characteristic oft he species, deeply 
stained by protoplasmic contents, clavate and c. 5-S,,m at the ends (at this stage)appearover the 
entire cap, but also at the side of the stem. The late appearance of these hairs and the fac t that 
young, dark-staining elements are present between the palisade-cellsof the dermium, lead to the 
assumption that they belong to the pileipcllis. rather than to the veil. Neve rtheless. their presence 
at the side of the stem, where they arise from the cortex . seems to contradict this. We sti ll note 
that the development of this palisadodermium. which becomes afterwards a hymenidcrmium 
{the cells become cubical). begins at the cen tre of the pileus and progresses toward the exterior 
(F;g. 45). 

(3) The development of the hymenophore is rupthymcnial (Fig. 47. diameter of the 
primo rdium 23S11m). The layer of palisade-hyphae growing downward and representing the first 
differentiation of hymenophorc development , is not continuous, and, as can be seen in this 
tangential section. there are sterile bands between the arches of the palisades. 

(4) In very young specimens. sporulation begins. We measured the spo res which were present 
in microtome-sections of very young carpopho res. The firs t spores formed in Coprinus currus 

appear to be different from spores produced in more mature ca rpophores. They arc less 
pigmented. ha"e a rather thin wall. and the germ-pore is less evident or lacking. Sometimes they 
are somewhat deformed and do not have the regular elipt ical shape which is usually appa rent; at 
any rate. they arc smaller. Spores' from exsiccata of specimens growing on the same dung which 
yielded ou r primordia measured 11- 13.5 x (6.5-)7- Spm: the first spores in question 6.7- 9 x 5.>-
6.5 11m (in a longitudinal section of a glandiform. uncxpa nded cap wit h a height o f 45111m and a 
width of 208 pm) o r 8-9.5 x 6.5-7 pm (when the cap was 956 J.lffi high and 819 pm wide). 
Nevert heless, it is highly unlikely that we are dealing here with young. unri pe spores, as spores 
were measured which were generally well-pigmen ted and had been released from the basidia 
which had already aged and thrown o iTtheir spores. Unpigmented. unripe spo res were as much 
as ever present in the preparations (perhaps on ly a few of these were measured). So we must 
conclude that the spores which arc fo rmed first are sma ller. and that their sizes increased 
gradually until spores of norma l dimensions were released . This is in agreement wit h the 
o bservations of CICmenwn (1979). 

Figs. S0-52. Coprinus h~xagonosporus.- .SO. Palisadodermium and pilocyst idium of an advanced mge. 
Nou:tht cellular struetureoft heC".Ip-trama x 200.- 51. Hymenidermium with young hairs in an advanced 
primordium x 250. - 52. Rupthymenial hymenopho~e in a young stage x 200. 

Figs. B-55. Coprinu.rangulatus.- 53. Young stage showing a somewhat isocarpous texture x 200.- 54. 
Somewhat o lder stage with remnants of the veil (lipsa ntnehyma) under the pittus-margin 11nd with a 
palisadodtrmium x 100.- 55. More advanced primordium with hymenidennium :md pilocystidia x 160. 
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Another fea ture which may be significa nt is the sim ulta neous ripeni ng of the spores o ver I he 
whole gill fro m I he youngest stages. We observed this peculia rity in severa l sections. for example. 
of t he primord ium. theca p of which had a height of o nly 457J4m (see above). To corroborate this 
o bservation. we exa mined very yo ung specimens of the related Coprinus hepthemerus. o btai ned 
from a cuhure from the Cent raa lburca u voor Schimmelcultures, Baarn , and the same 
pheno meno n was observed. That the spon.os formed in early stages are smaller- mature 
specimens: (1 1- )12- 15.5 x 6.5-8(- 8.8): very young (8- )9.5- 12 x 6.5-7(- 8)-was also clear in this 
ease. as well as the sim ulta neous ripening o f the spores o ver the who le youn g gill. This is in 
contradiction to Buller's assen ion that in Coprinus curws the ripening of the spores begins in a 
zone ncar the margin of the pileus a nd progresses cco tri pelally. as in so many o ther species of 
Coprinus. Nei ther in Coprinus cunus nor in C. hepthemerus ca n th is be true. We must also ca ll 
into question the deliquescence o f these small membra neous species of the genus. Non
deliquescence has b«n reported only fo r Coprinusdisseminatus. but the relatio nships of the latter 
have been disputed . Very detailed o bservatio ns have still to be made concerning these 
genemlized phenomena in th is genus. pa rticulorly concerning the di rection o f spore-ripen ing 
:along the gills. 

COPRINUS HEXAGO~OSPORUS 

This species is also related to C. curtu.f. 
( I) In the youngest stage (Fig. 48, la rgest dimensio n 315 pm. width 208pm). we ca n see that 

some dirrerentiation has already taken place. A basal plectenchyma with somewha t innated 
hyphae (diameter up to 811m) occupies the lowest pa rt a nd the centre. From a poi nt at about one
third o f the-height fro m the bott om, hyphae extend toward the tjp and towa rd the left side {they 
are therefore no t o nl y par.t.llel to 'the axis). a nd they are somewhat interv.•oven. altho ugh they are 
generally parallel. 

In the upp.:r pa rt of the section. the hyphae arc again divided into small isodiametriccclls. and 
the intertwi ningoft he hyphae is here somewhat more striking. There is no well-defined universal 
veil , altho ugh some larger. ro und cells a t the periphery (diameter up to J ,,m)ccnainly belong to 
this structure. which appears to be much red uced in this species. It is somewhat more 
conspicuous in the next stage (Fig. 49, height 334 J.lm, width at the level o ft he hymenophore 277 
pm). It comprises several elements: the rounded o r club-sha ped cells men tioned above, which are 
also present at the stem-surface: some undefined ex tremities o f protenchyma tic hyphae: and 
bottle-shaped. lageniform hairs ('length 25-37sJm , diameter of inflated portion 6.5/Lm. d ia meter 
at neck 3-4/lm). which are in no way incorporated into the tissue of t he cap, but rather lie on it. 
There is as yet no rudiment of t he pileipellis. At the left side we see a sca nty lipsnnenchyma.andat 
the right the gill-chamber is filled wi th th is tissue o r with the hyphae passi ng between the arches 
(rupthymen ial hymenophore). The narrow zone o f parallel s tem-hyphae ise\'ident: below it is the 
basa l plectcnchyma . 

(2) When the buds ha ve reached a diamcter(at the level oft he hymeno phore) of about 400pm. 
the palisade-cells of the pileipellis a ppear and push forward between the innatcd lower ends of 
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the velar hairs (diameter c. 13 Jlm. length 60 11m). Mon of these inOated clements art the lower 
ends of hairs with or wilhout a visible m.-ck (often the neck will be cut off) a nd not. properly 
speaking, spheroeysts. They arc empty at this point and have thin w;.~lls. and they are almost 
colourless. But between the palisade<ells of the pilcipcllis. new hairs appear. initially as deeply
staining club-shaped elements. Most of these hairs remain blunt. somewhat cla,•atc (length c. 60 
Jlm.diamcterat tip up to IOpm: Fig. 51. height of cap 1.5 mm). butt he neck of some is narrow. 
tapering somewhat (Fig. 50. diameter of the cap 1.15 mm). In these stages the hymcnidermium is 
made up of wide. a lmost cubical cells. 

(3) It is beyond question that the rupthymenial mode of hymenophore construction is to be 
found here. Arches of palisade hyphae, interrupted by bands where they were lacking. were 
always observed (Fig. 52). As with other species of Coprinus. the edges of the gills are widely 
opened . there is no indication that they press against the stem. Hyphae passing from the gill
tro~ma into the sca nty lipsanenchyma are frequently present. 

COPRINUS ANGULATUS (=C. buwdilm) 

{I) The youngest stage represented (Fig. 53. height 265 11m. width 202 11m) already 
demonstrates some diiTerentiation . The material used in the investigation of this species 
deteriorated to some degree (there were traces of putrefaction. not o f drying). So for cytological 
t'CS(areh. it was of little usc. but it did permit some observations on the histological texture of the 
primordium. Though a coherent universal veil seems to be lacking. tht:rt are. panicularly at the 
side of the stem. masses of short cells. origina ting partly from longitudinal hyphae. with many 
cross.walls. and part ly from short. club-shaped branehes. directed ou tward and also divided into 
short cells. This peripheral tissue a lso reaches over the poi nt where the palisade-hyphae of the 
hymenophore will arise more in ternally. There are already long hairs. which are in this stage 
mai nly restricted to the pileus (length up to 80 11m. diameter at the lower end 9 Jlm. at the neck 
about 6JJm. rounded at the tip). The areas of pileus-trama, stem and hymenophore are well
demarcated. 

(2) From a stage with a diameter of 472 11m and a length of 548/Jm. the palisadodennium 
becomes evident (Fig. 54). Over the cap. there are onl y the long hairs which have arisen partly 
between the palisade-cells. Some of these hai rs m3y also occur at the side of the stem. but we find 
here chiefly theclub-shapcd. outwa rd-directed elements. In a still older St3ge (Fig. 55. diameter of 
the cap 2.1 mm). there 3.re large hairs over the cap (about 60-100 Jlm long. lower end I 0 pm wide. 
n«k about5pm). but now they are present overt he stem as well (e.g. 102pm long. 20J1m wide. 
neck 6JJm). As is the case with the preceding species. it remains problematic whether these hairs 
})(long to the universal vei l or to the pileipcllis. Their presence along the stem (i n o lder stages) and 
their early appearance (before the palisododermium) would appear to suggest the first 
supposition. but when the hymenidermium (the cells of which become more o r less cubical) is 
.,.,·ell-established. they continue to appear. 

(3) We observed the rupthymenial mode of g.i ll-fonna tion. but because: oft he poor condition 
of the material, this conclusion is somewha t questionable. 
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DI SCUSS I ON 

TilE Sf.QUENCE OF DEVELOPMEl\.'T 

The seq uence o f the development of the pa rts is one o f the most rema rkable features of 
carpophorc development in Agaricales. O n the basis of an analysis of several hundreds of species. 
in 1963 we made up a scheme of va rious sequences in the ea rliest phases of derelopment. 
Nevertheless. the number o f species investigated appeared to be insufficient to determine exactly 
the systematic value o f 1hese phenomena. At firs t. we thought that differences in sequence were 
sign ifica nt o nly for larger groups. as we found concentrate.."<! forms with reversed seq uences of 
de\·elopment o nly in well-defined. highly C\'Oived sect ions of the system. But exceplions were 
encountered. as Singer(J97j: 28- 29) sta tes in his 'Agaricalcs in Modern Taxonomy'. Since then . 
we have considered the subject SC\'eraltimes (Reijnders. 1974a: 363; J97j: 308. 309; J979a: 345-
346). and it is espocia lly in !he contex t of thi s in\'estigat ion into many species of Coprinus that 'A't 

can focus on this problem wilh grea1er precision. 
It is o bvious that all species of this gen us ha\'C ~ concenlrated development: in genera,l. and 

under nonnal conditions. the primordia remain short and wide for n long time. Ne\'erthelcss. 
external fnc10rs seem to have a great innuence upon I he sha pe of t he young primordium. A lack 
of light ca uses the primordia to become ex tended (etiolated). yet it may be ad mitted thai such 
envi ro nmenta l factors affcc1 the sequence of develo pment far less. as we ha\'C sta ted. for 
example. in C. srncorari11s (Reijnders. /948). 

Exami ning th~ v~ry young primordia of Coprim1s(1he dimensions of which amounted 10only 
some tenths of a mm.). we frequently encountered somewha t confusing SlruciUrcs, which might 
have resulted in some erroneous interpretations. In this initial phase. the hyphae most o ft en run 
in a longit udiul direction. so 1he primo rdia must be considered stipitocarpous. and this mode 
does nol occur in concentrated types. In reality. the lo ngitudinal hyphae in the earliest stages of 
Coprin11s indicate something quite different from what they do in the pril}lo rdia of the 
unquestionable stipilocarpous types: in the latter slender primordia . they curve o utward at the 
tip to fonn the pileus which is cont inuous with the stipe. When we carefully observe the 
longitudinal hyphae in the initial phases of Coprinus. we a lways find in the upper portion more or 
less interwoven hyphae-or. when this is not the case. a meristemoid. i.e. a zone where the 
longitudi nal hyphae are di vided in1o isodin me1 ric cells which increase rapid ly. 

Furthermore. the time factor interferes with lhesc pr~s. We are obliged to d raw our 
conclusions from series of fixed images. so it is difficult to estimate !he speed of these processes. 
The primordia ofC/irocylw. Triclloloma. Hygropl1orus. etc .. bei ng composed of a slender stalk. 
remai n stipitoca rpous for a long time: in thoscofCoprimu.the phase wit h longitudinal hyphae is 
soon succeeded by the isoca rpous s tate. which seems to be the real starting point for the 
development of the pans. So the longitudina l hyphae in the first stages of Coprinus(and this will 
probabl y a lso be the case in some other genera of Aga rica les) are merely uninnatrd 
prolcnchyma tic hyphae which a rc not interwoven. a nd here !hey ca nnot be considered indicali\'t 
o f beginni ng stem de\'elopment. We ha \'e, 1hcrcforc. classed these species with the pileostipito
carpous ones: when we do not have the youngest stages at o ur disposa l fo r study, we arrive at the 
somewhat questionable conclusion that these species are isocarpous. 
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We found o nly one exception: the pi leoca rpy of Coprinus brasskne. In the description of the 
species and in the phylogene tic considerations we paid some attention to this phenomenon which 
up to now seems isolated. We should also take into consideration the possibility that pileocarpy 
can be close to isocarpy. while in other cases pi leocarpy means a quite different sequence of 
dt\'t lopment. Here the time factor is again significan t: it is the appear.mce of stem·. cap·. and 
hymcnophorc·rudimcntS which tips lhc scale (cf.. Singer 1975: 29. o n Psmhy rello py rolrichn). 

OF.VELOI'MENT OF Ti l E ln' MENOI'HORf: 

According to the investigations of Atkinson and his school. the origin of the hymenophore 
sc:cms to be a rather consistent process in Agaricales. Atki nson (1914b) recognizes o nly o ne 
exctption : the gill formatio n in Ama11ita. which we ca lled the schizohymenial mode. However. 
since Uvine (1914) described another deviation in Coprinus micaceus and afterwards ( / 911) in 
Agaricus and some other Coprini, 1his question has become a controversial o ne and has been 
strongly contested by Atkinson (19/6) . Kiihncr (1928). wtio at first adopted Levine's view. 
described a somewhat intermediate mode in Coprinus disseminams: C how (1934) agreed with 
Aikin son fo r qui te a number of species. all ho ugh in our opinion his observations cannot be exact 
in all cases. and his descriptions and representations arc no t convi ncing. We dea lt with the 
history of these opinions already in an previous article (Reijnders. /948: 266-277). It is not 
necessary to recapitulate the implications of this question (ef .. Rcijndcrs. 1963: 247- 248). but. 
after many comparisons. we think we better understand the complicated nature of these elusive 
structures now. 

The existence of a conspicuous mode is undeniable. It can be demonstrated in series of 
tangential sections from the axis toward the periphery. where. in all these scetions. the palisade 
hyphae (the first hymenial clements) show up a~ groups. alternating with lighter staining bands 
of steri le ti ssue. In real ity, these a re horizontal. radiating stripes. a lternating with sterile tissue. 
We met this most typical form of rupthymenia l development earlier in Coprinus ephemer11S 

(Reijnders. /948: pl . 12 fig. 64) a nd in C. t.·tellatfiS (at that time erroneously called C. miser; 

Reijnders. 1948: pl. 13 fig . 69. 71 ). The gro ups of palisade hyphae soon become a rched (cf .. Fig. 
30. Coprinus jlocrJIIOsJIS; Fig. 52. C. h£•xagonosporu.t). A less obvious expression of this mode 
exists when the sterile in terspaces are narrow a nd we see somewhat arched gro ups of palisade 
hyphae which almost touch each o ther (Fig. 39. 40, C. macroceplwlu.f). 

AnothcrmodiflCa tion which seems to occur rather frequently iseauscd by the very early action 
of 1he gill-trama . For a short time. there is a contin uous layer of palisade hyphae. but almost 
simultaneously. growth in the trama of the arising gill folds begins. pushing the palisade hyphae 
sideways. This development begins near the ce ntre and is directed ou twards (Fig. 6. C. 

phaeosporus). KUhner (1928) described this process in C. tlissm1inuws: it is evident that in thi s 
case. a periphera l con tinuous layer of palisade hyphae will often be found, while the sections 
nearer the centre show the rupthymenia l structure. 

Finally. cases can be found where the layer of the palisade hyphae is interrupted only here and 
there. in an irregular manner (Fig. 35. C. macrorhi=us). These unexpected interru ptions seem not 
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to be very ra re: we met with such struct ures ea rl ier. e.g. in C. radians( Reijndcrs. 1951: pl. 22 fig . 
4). All these modifications occur. and we arc not well informed as to the variation o f these 
phenomena in a single species: these facts may at least partly e.xplain the controversial opinions 
o n this question . 

Apart from the fact tha t the fi rst palisades develop between the pr01enchymatic hyphae which 
a re continuous with the tissue underneath (the gill cavi ty is therefore o Fien travcrsc..-d by such 
fringed clements (e.g. Reijnders. 1951: pl. 7 fig. 5. Tricholomufocole). connecting elements in the 
spaces between the rupthymenial hymcno pho rearequi tcobvious. So we find fro m the beginning 
some hyphae which run from the lipsu nenchyma ove r And into the younggill-tra ma. As we stated 
before. the hyphae in the initia l phases of Coprinus ofien run in a longitudi nal direction . such 
hyphae can be fou nd which pass into the gill-trama (Fig. 41, C. mat.:rocepha/u,t) , In most species 
of Coprinus. if no t in all. the edge of the gills (primary la mellae) remains open for a lo ng time 
duri ngde\·elop.fficn t. Some authors(Atkinson, / 9/6: 123. 124) believe that thisopcningoft he gi ll 
edge is due to pressure exerted against the s tem. This can not be the case. however. We analyzed 
hundreds of sections wilh such structures. and o nly in a few except ions cou ld we find a 
disposition that could be: ex plained by pressu re (Fig. 13 C. brassicae). Usually. the tissues of the 
gill tro~.ma and the lips.anenchyma seem to be stretched o ut locally by the tension caused by the 
growth processes of the primordi um (Fig. 7. C. phaeosporus: Fig. 24. C. poliomullus: Fig. 41 . C. 
macrocephalus). We encountered the same facts in o ther species with a rupt hymenial develop
ment (Reij nders./952: pl. 16 1ig. 3-5. Bolbitius l'itellinu.f) . We believe that the wide. open gill edge 
in Copri11us represents an efficient adaptation: it may explain the parallel faces of the lamellae in 
Coprint~s. However. the secondary gills or lamellulae have an edge su rro unded by hymenial 
clements a nd . in primordia. they are wc.."dge-shaped, as in o ther Agaricalcs. Moreover. the ope n 
gill edge is necessa ry for the further joining of Stipe and lamellae. 

Atk inson (1916). as well as KUhnc:r(/928) and Chow(/93.(). observed the fact that soon after 
their origi n. the lam~llae become attached to the stipe. Thi involves a situation in which hypha~ 
grow out from the gi ll-trama irno the lipsuncnchyma . An extension o f the gill-t roma with no 
borderi ngclcmcntsof the hymenium was encountered in scveralcases(Reijndcrs. 1961: pl. 17 fig . 
6. Trirho/omopsis rutiltms: /97/ : pl. 2 rig. 6a-c. Agroqbe Ol'gtrita): it apptars to be quite 
common in Copri1111s. 

As a rule. the lipsu nench yma itself does not increase significa ntly (e.g. by intercala ry growth) 
in this genus. This might ex pl ai n why these spc..-cies. discounting a few exceptions. have no ring. 
But the sometimes scanty lipsancnchyma is a bit reinforced by hyphae coming from the gill
trama. This process serves to fi x the lamellae to the stem. When this has happened and the 
primordium is su rrounded by a universal veil. it is sufficientl y protected. for example against 
drought (evaponuion). We mentioned the extension of the lipsa nenchyma and the con nections 
between lamellae a nd stipe for each species sepanuely in Table I. We photographed such 
connections in Fig, 7 (C. plweospoTII.I'), Fig. 13 (C. hra.t.fir.ae). a nd Fig. 26 (C. }HJiiumuiiiL{). The 
passing hyphae have been photographed once mo re under higher magnilication in a younger 
stage of the latter species(Figs. 24 . 25). This photomicrograph might demonstrate a stri king case 
o f cells of the same hyphae. which have d ifferentiated into o ther forms where they ha\'C bc..-cn 
influenced by various developmen ta l facto rs: the cells of the lipsancnchyma arc larger and nearly 
isodiametric (cf. Reijnders. 1961: 277- 278). 
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VEIL AND PJLEiPELLJS 

The grea t variation in the vei ls in Coprinus gives us a n excellent opportunity to deal once mo re 
with the 'cort ica l laye rs' in genera l. pafticu larly in view of thedifTcrcncc between universal veil 
and pilci pcllis. Recent descriptio ns of pcllcs have demonst rated clearly that thi s important 
distinction has no t been observed everywhere. probably because a determinatio n of the unh•ersa l 
\•eil is somewhat ha1.a rdous in mature specimens. So we will rirst treat the modirications of the 
veils in Coprinus. and consider afterwa rds the differences between vei l and pileipellis a nd 

questions of tcnn inology. 
Many Coprinus species have a wel l-developed uni versa l veil . while in othe rs this veil is lacking. 

A lipsancnchyma is present. except in Coprimts plic'otiHs. which has no veil a t a ll. As n 

consequence, most Coprinus species arc bivclangiocarpous: if o ne docs not ta ke into con
sideration the same pecu lia r hairs which are presen1 on theca pas wel l as on the stipc.thc St• flllo.~i 

are parave\angioca rpous.jand ~oprinusfplil'ati/isjisjgyn\nangioca rpous. As we stated before. the 
lipsanenchyma is in most cases no t very voluminous. but the gi lls arc a llachcd to it. Our 
comparisons of hundreds of species has led us to the concl usion that the protenchymatic \'Cil. 

consist ing o f generat ive hyphae. is the most primitive and tlfc extending lipsa nenehyma o ft en 
remains fo r a longer time in this condition (Reijnders 1963: 22 232 . 35 1- 352). We fo und the 
most undifferentiat ed vei l in this g~nus in C. bm.~sicae. W~ sha ll comm~m o nly o n so me 
quest ions concerning 1he modirications o f the universal veil which a rc useful for the survey: the 

d~ta i \s fo r ~aeh species a re dealt wi th sepa rately in Table I . 
Firs t. o ne encoumers the pro blem of the protcnchymatic tissue. wh!ch partly constitutes the 

unh·crsal veil. but in the beginning. it is not separated from the pileus- u ama . A wide zone of 

protcnchymatic tissue between the developing cap and the v~il has been described in many 
species. After the d ownward growth ofthe hyphae o f the cap-trama has become evident. there is 
a clear demarcation between these tissues in the later:d portio n of the pileus. but in the centre they 
remain cont inuous fo r a long time. Ne\•ertheless. a distal zoneofthisprotenchyma belongs to the 
veil and takes part in ils further differentia tion: as it also envelops the pi leus-margin o r the point 
where the hymenophore will appea r. it must be considered a universal veil. It also happens that 
such a zone does no t exist: in very early s tages. the pileus surface is present im mediately under 
radia ting hyphae and a t the con to ur of the pileus a mcristemoid de\'e lo ps. 

The universa l veil is su bject to some characteristic transfonnations in Coprimu. includ ing the 
formatio n o f chains of lo ng, wide cells. a dichophysoid structure. sph~rocyst s. and isolated hairs. 
Thc sphcrocysts arise sca tlerc..-d thro ugho ut the pro tcnchymatic layer of the veil. but they ca n also 

be arranged into chains. fonned by a mcristemoid. We notice that o nly in the stl'rcorarius gro up 
and some other species spherocysts are lacking over the stem: this is o ne case o f a peculia r 
diiTeremiation o f the veil over the pi leus (sec below). 

We a re inclined to consider isolated hairs. which are present over the cap as well as ulo ng the 

stipc. to be a transformation o f the veil as well. Sometimes. these a rc visible in the vei l itself 
without being connected to th e underlyi ng ti ssue (Reijnders. /951: Pl . 19 ri g. S. Pl. 20 rig. 2. 
Psuthyr~lla nmltlpeduta: Fig. 49. C. llexagot~ospoms. etc.). In most cases. they a rise between the 
cells of t he pilcipc:llis. and then itlx.'Comes interesting to determine whether o r not these hairs of 
later o rigin have quite the same shape as those of the universal veil. Indeed. such h;~ i rs . with their 
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spccializc:d appcamncc. cannot represent the first stages of universal veil de,•c:lopmc:m. We: met 
with such fea tures when the: )'Oung primordium was enci rcled by a few prott:nchymatic: threads. 
having an innate veil (e.g. Rc:ijnders. /948: Pl. 8 fig . JS- 37, Alnico/a mt>linoitlt•s: Reijndc:rs. / 96J: 
Pl. 34 fig. 3-6. lfyplrolomll eltmgalljH-.f Peck. as Nt mmoloma polytriclu1 and when it was 
surrounded by outward -growing generative hyphae. we encountered an cm:mated veil 
(Rc:ijndcrs. /948: Pl. 18 fi g. 101, 102, Gomphidc11s rosc:us: Pl. 22 fig. 129- 133. Strobllomycc-s 
jlouopus). These arc c:xamplc:sof,•c:ry primitive veils. as the C\'Oiution oft he: veil has not sta rted 
with the forma tion of isolated . particular hairs. Nevert heless. an interpreta tion of their na ture 
becomes somewhat confusing " 'hen we li nd the sa me hairs arisi ng abundantly ane~·a rds amid 
the palis.1des of the: pi lc:ipc:llis. Many authors ha,·e called them pi locystidia . 

A bon~. we mentioned the: fact that spherocysts are sometimes present only in the: veil over the 
cap: th is is one of the instances in which inn uences from the developing pileus interfere wi th 
structures in the veil. As this phenomenon scc:m~ to be rot her rare in Agarica lcs. it is easily pnssed 
over. It may, however. once morecorraborate the conclusion that the development of struct ures 
in agaric fruit bodies is locally determined (Rcijnders 1963: 217- 278; Rcijnders 1975: 309. 
Clwmut•myc"s f raridu.s,· Reij nders. 1979b. Umac~llo ;:liotlnmu). However, even if some 
structures exist wh ich seem to make the distinction between the unh•ersal veil and pilcipcllis 
somewha t indefinite (our schemes are seldom adequate to i'Ccoum fo r all modifications in 
muure). we should always be careful not to confuse these notions: the veil and the pilcipcllis arc 
essent ially differen t structure . We anal rzcd these questions in our book in 1963: the universal 
\'til shows up in the you ngest stages and is characteristic fo r the primordium as a whole: the 
pileipcllis originates later on and is restricted to the pileus. The first ment ioned orga n sometimes 
increases considerably. se rving the purpose of pro tecting the developing c-.Jrpophore, th( 
pilcipcllis form s u roof only over the mat ure cap. :and it s fu nction is in accorda nce wi1h this fact. 
Nevertheless. in mature carpophores. the remnan1s or the universa l \'Cil e:m not be easily 
distinguished from the pileipc:llis. This fact miiht be of paramou nt importance. 

Two rc..'Ccnt publicmions (Bresinsky & Schwarzer. 1969: Watling & Largen1 . /976), Singer's 
( 1975: 60-69) detailed account. and the problems of nomenclature which a re urgent here lead us 
to make some observations. Although the authors of these publications emphasize the 
importance of th is distinction. only in the second :tre misinterpretation absent . The opinion of 
Oresi nsk)· & Schwartcr that the \•eil has to be considered 'funkt ionell und ontogcnet isch als 
Schicht des Hutes' is erroneous (see Reijndcrs. / 963: 13. 14, 224). The universa l veil has been 
treated as equivalent to pileipellis structures. e.g. in fig . 5 (Curtitwriu.f), fig . 6 (Ru: /n•s).ligs. 7, 8 
( Jiypholoma). fig . 22(Nauroria). fig. 23( P/ul('o/t•piura). figs. 24. 29(/..t>piora).ctc. The covering of 
Amanita and Phoroll'piota is not an epithelium but a universa l veil (Singer. 1975: 62). The 
dichophysoid structure in the Coprit~us scct . Alal'lmuni. is rda ti ve to the uni,·ersa l \'cil. not to the 
pileipcllis. etc. 

As we staled above. it is not always easy to determine whether wea re dealing with the universa l 
veil o r with the pileipcllis in mature carpophores. But we suppose that some authors could stri\'C 
for greater accuracy here. When scattered. repc:nt . narrow hyphae arc cncoumcred over the eap, 
one hould be \'Cry careful about their interpreuuion. and the same applies to all kinds or 
spheroc)•sts. loose or coherent (for the cells of the hymeni<krmium arc mostly cubic). Finolly. a 
~reat number or genera has been examined ontogenetically. exact descriptions of thesc 
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developments have been published since Atk inson's times. and mo nographers studying genera 
or anatomists exa mining pileipellisstructures should use these data . Furthermore. one can pro fit 
byineludi ng very young specimens (not necessn ril y primo rdia) in the examina tio n: the nat ure o f 
the universal veil may often be determi ned by freehand sections o f the o uter portion of the pileus 
margin. also in fresh material. 

The diverse modifica tions and the corresponding terminology o f pilcipclli s fo rmation have 
bctn thoro ughly analyzed in Watling and Largent's paper. a nd we agree wi th their concl usions in 
t\'try respect. As the homology o f the pilei pellis laye rs can as yet be establisht:d o nly in genera 
with closely related species. it is reasonable to distinguish structural a nd topogra phica l 
modifica tions and to create two series of na mes for them. As for the terms which deno te 
morphologica l differences. we adopted Lo hwag's terminology in o ur book in 1963. as many 
authors ha ve done (e.g. Singer). As it may be supe:rnuo us to repeat all the defini tions, the nam es 
in question arc: ' trichodcrmium', 'palisadodermium' ('hymenodermium'), 'epit helium', ·cutis' 
and ·conex' . We note tha t o nly thediiTeren~ between palisadodermium and hymenodermium is 
somewhat arbi trary: we called that layer with greatly innatcd cells which become cubic in the end 
the hymenodcrmiu m. We use the term 'epi thelium' in the same sense as Singer: a pluristratous 
complex o fisod ia metric cells (definitely excludi ng the spheroC)•sts of the veil). We prefer the term 
·cortex' to Singer's 'dense layer'; a cortex is merely a condensation o f the un altered underlying 
hyphae. The cortex re presents the tra nsition to the complete absence of the pileipcllis. so we must 
often refer to the pcricl inal hyphae o f the outer zone o f the pilcus-tra ma (under the veil) as a 
cortex . There may be no dirfcrcntiation and we find such hyphae often a t the periphery o f the 
stem as well. As the terms 'dermium' a nd 'cutis' have been used to designate mo rphologica l 
differences, we agree with Wa tling and Largent tha t it is highly confusing to usc them in 
compound words in o rder to describe topogra phicul layers. It is far better to appl y to the latter 
category the terms proposed by Bas ( / 969). 

PttYLOGENETIC CONSIDERATIONS 

Although phylogenetic hypotheses arc seldom sa tisfactory in myco logy. one can scarcely 
avoid . when examining a series of mo rphologica l structures. attempting to imagine how one 
cou ld have developed o ut of another. When doing this. ho wever. one has to be well aware o f the 
fact that present formSt."a n seldom be derived from other. still extant, o nes; it is bcller to consider 
which o f the allributesca n be considered primitive and which specialised . and then to try to find 
a modern species that shows many of the primitive cha racte ristics. In this manner, o ne ca n mo re 
or less imagine the co urse of evolutio n. 

As far as the structures which we have dealt with are concerned , in the interest o f a ttempting to 
decide which are primitive and which ha\'e de\'eloped further. we make the fo llowing 
assumptions.-

( I) We conside r the gencnuive hyphae, which combi ne to form the protenchyma. more 
original than all the cells which developed therefro m. lnnated cells ca n in any case be considered 
characteristic of evolu tio n. and thi s is especially true of certain types. such as palisades. 
spherocym. pseudo-para physes. etc. There are certain gro ups o f carpophores (e.g .. Myce11a, 



species 

Coprinus photosporus 
Karst. 

Coprinus brusskur Peck 

Coprinus nil•t us (Pers. ex 
Fr.) Fr. 
R .. /948 

Coprinus Slt'rrorarius Bull. 
ex St-Amans) f r. 
Brefel d , / 877: Levine. 
19ZZ: R .. /948 

TABU! I 

Oevdopm~ntal anatomy of Coprinus 

succession 

the youngest stage avail
abl~ (S67 x 529 p.m) is iso
carpous: young prim. wide 
and shon 

pileocarpous: yo ung prim. 
wide and sho rt 

pileo-stipitocarpous, soon 
iSOCll rpous: )'Oung prim. 
slender 

pileo-stipitoc:arpous. soon 
isoca rpous 

origin of the 
hymenophore 

somewhst rupthymenial 
(by the activity of the 
)'Oung lam . tr. the gro ups 
o f palisade-hyphae are 
pushed aJnrt): gill-edge 
o pen: connections gill ·tr . 
a nd lipsanenchyma evi· 
dent 

lt\'hymenial: gill-edg~ 
open from the outset: con
n«:tions cvident 

levhymenial: gill-edge a lso 
in older stages fort he grea
ter part surrounded by 
ulls o f the hymenium 

Jevhymenial: gill-edge 
open in later sutges. at fi rst 
su"ounded by h)·menial 
cells 

unh·ersal vcil, 
lip:sanenchyma 

u. v. consisting o f a ""i de 
protenchymatic zo ne and a 
layer of radiating threads 
becoming dichophysoid at 
the periphery. Lips. ra ther 
abundant, somewhat rein
forced by h. coming from 
lam. tr. 

u. v. a wide zone of pro
tcnch)ma , only slightly al
tered at the periphery in 
older stages: lips. rather 
abundant, reinforced by h. 
fromlam. tr. 

a large zone of pro ten· 
chyma remains o utside the 
cap: in this tissue sphtr· 
OC)'Sts arise by inflation o f 
«lis: sho rt rows are pres· 
cnt o nly in older sta~: 

lips. rather a bundant 

pro tenchymatic zone O\~r 
the cap less exten~ve, v.·ith 
radiating threads, but in 
young stages sphc:roc)'Sts 
not in rows: lips. rather 
abundant 

pil~i pctlis 

none: the h . o f the pileus
tr. merge into the prot. 
zone o f the u. v. 

none: as in the preceding 
sp«ics 

none: alw in older stages 
the tissue o f the pil. tr. 
merges into the o uter prot. 
zone: spheroc:ysts over the 
ca p o nly 

in older Stages the uppn 
surracc of the cap is de
limited byshon cells. a sort 
or ~pithel ium. but o utward 
they pass into the iso
diametric elements of the 
\'til: spherocysts over the 
cap only 

;::; 

~ 



Coprinus narrot icus 
(Batsch ex Fr.) Fr. 
R .• 196J 

Coprinus potouilltmlii 
QuCI. 

Coprinus bulbiflosus Pa t. 
Chow. /9)4 (as C. hmdn· 
sonil) 

Coprinus corlinaluS Lange 
R .• 19.51 (as C. roris) 

Coprinus ~uMmis Bcrk. & 
Curt . 
Johnson. /9~/ 

unknown 

pileo-stipitocarpous 

stipitocarpous or piko
stipitocarpous. probably 
soon isocarpous 

not well kno wn 

'Stipe. pilcar. and by
menial primordia ha\'e al
most simultaneous origin.' 

unknown 

atfirstthcla)·cr of palisadc 
hyphae is continuous but 
soon ancrwards there arc 
arches. pro bably b)· the ac
tivity of the )'Ounglam. tr. 
- a tendency towards a 
rupthymenial mode 

lcvhymcnial: in a later 
stage: 'les a rtt~des feuil· 
lets se soudcnt au pied' 

levhymenial: edge of gills 
also in la ter stages not 
open and surrounded by 
cells or the hymcnium 

lcvhymcnial;(structuresas 
described by Levine oc
cur in abnormal buttons?): 
gill-edge afterwa rds open: 
' loosely attached to the 
Stipe 

a wide zone o r proten
chyma O\'CT the cap, atthc 
outside radiating threads 
with shan TO'A'S of sphcr· 
oc~ts 

over a narrow protenchy
matic zone surrounding 
the cap there isaclosela)'Cr 
of isodiametric cc: lls: the 
\'eil along the stem (also 
short cells) is somewhat 
different; lips. scanty 

the description of Chow is 
not clear: probably there 
arc isodiametri<: clements 
at the outside of the u. v. 
and a prot. I& )'Cr within, 
the latter grown together 
withthepil. tr.: lips.abun· 
dant 

a wide zone of prot. 
around the cap and an out· 
cr la)'Cf with sphcrocysts 
or oblong cells. which arc 
a~nt along the stipc: lips. 
rather abundant 

the layer of prot . O\'Cr the 
cap appears to be thin or 
absent according to the 
photographs; lips. not 
mentioned 

in the etiolated specimen 
which has been examined 
the tissue of the pil. tr. is 
continuous with the pro
tcnchyma of the u. v .: sphcr
ocyStS 0\'eT the Cap Only 

finally the whole \'eil is 
divided into «lis whK:h in
wardly arc not well deli· 
mited from the peripheral 
layers of the pil. tr. which 
formsanepithelium:sphcr
ocysts O\'er the cap o nly 

' Lc chapeau ne prCscnte 
pas un re,·l:temcnt diffCr
enci( ;i sa surface:· 

an epithelium. at last not 
well demarcated from the 
vti l 

·a single layer of highly 
diiTercntiatcd ct:lls is 
rormed just below the 
upper blematogen' 

f 
~ ., 
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Coprinus poliomollus Ro
magn. 

Coprinus jlocculosis DC. 
ex Fr. 

Coprinus rodiwu Dcsm. 
R .• 1951 

Coprinus micaceus (Bull. 
ufr.)Fr. 
Le\ine. / 914: Atkinson. 
1916 

sU<::ttSSion 

pileo-stipitoca rpous. soon 
isocarpous 

pilm-stipitoc:arpous, soon 
isocarpous; a portion wit h 
small isodiametric cells 
O\'er the longitudinal h. o f 
the stem rudiment 

pileo-stipitocarpous. soon 
isocarpous 

piko-stipitocarpous. soon 
isoca rpous 

TABLE I (cont.) 

origin oftht 
hymtnophore 

a tendtncy to the rupthy
menial mode; by the:: ac
tivity of the young lam. tr. 
thepalisadeswhichariscat 
the same time are pushed 
apart (arches); gill~gcs 

open: connections from 
the beginning 

rupthymcnial: palisade-h. 
in isolated groups from the 
beginning: edge of lam. 
open from the beginning 

rupth)-menial 

rupthymenial (denied by 
Chow. 1914); gill-edge 
open: connections in later 
stages admilled by Atkin· 

universal \'cil. 
lipsa~nchyma 

there is practically no layer 
of prot. underneath the 
radiating h. forming the 
sphcroc)'Sts. also occur
ring along the stipe: lips. 
consisting of longitudina l 
h. 

there is a wide ronc of 
protenchymatic h. over the 
cap and an outer port ion 
of radiating h .. which wid
en gradually (wit hout 
spherocysts). the prot. \a t 
er divided into short cells 
and less evident along the 
stipe: lips. seamy 

prot. zone O\-cr the cap 
narrow. disappearing in 
more advanced stages: the 
outer pan of the \'eil con
sisting of radiating rows of 
sphcrocysts. also present 
along the stem: lips. sca nty 

u. v. and lips. as in the 
prtecding species 

pilripcllis 

in later stages there is an 
epit hdium, the upper layer 
~·ell differentiated and 
made up of cubic cells 
(somewhat hymcniform) 

a palisadodennium also in 
later stages (width 3.5 
mm). the palisades arise 
al ready when the prim. has 
a width of c-. 900 pm 

a palisadodcnnium (also 
in ) mm wide prim.) de· 
veloping centrifugal\)' at 
the pileus margin and cen
tripetally over the centre 

a palisadodermium al
ready present in young sta
ges(width ± 400pm 

~ 

;: 



........ ., ...... Ill' .............. .. 
uppn ponion is a meri
stemoid 

"' uru•n•~7P"U•. : •-•uenc:r7 

towards the rupthymenial 
mode: gill-edge open: con· 
ncctions present 

CuprinUJ' mucrut'l'phofu.s piltO·Stipitocarpous. soon some~o~o•ha t rupthymenial: 
Bcrl: . isocarpous isolattd archesofpaliS3des 

really prtSC:nt: tdge of gills 
open; hyphae of the lips. 
merge into the lam. tr. 

Coprimu /aJlOpu.s (Fr.) Fr. 
Chow, 1914 

Coprinus como/us {MUller 
ex Fr.)S. F. Gray 
Atk .. 1916 

Coprinus utrumtmurius 
(Bull. ex Fr.) Fr. 
Atk .. / 9/6 

Coprinus auriromus Pat . 
R .. /974 

' Lc prim .duchapeaucom
menceistdiff~rtntierta r 

dh-ement par rappon au 
di:vcloppemcnt du pied,' 

probably pileo-stipito-car
pous. soon isocarpous 

you ngest stages not SIU· 

died 'Fundament o r pileus 
present in 1he earlies1 sla
g<>' 

the palisade hyphae of 1he 
h)menophorc dc\·elop 
somewhat lately: by this 
phenomenon the species 
SC<'ms to be pilcocarpous. 
but it is almost isocarpous 

lcvhymcnial: &illsinalater 
stage connected ~o~oith the 
Stipe 

levhymenial: after having 
grown across a wKte g.ill
cavity the tdges of the gills 
press against the stem(?). 
open and some elements 
interweave with the li ps. 

wilh slight tendency to
~o~o·ards rupth)•mcnial struc· 
lures: later on 1he gills be
come aunc:hed to the plec
lenchyma surroundig the 
stem 

lcvhyme.niat: gill<dges 
soon open towa rds the 
s1cm: gill- tr.ama connected 
~o~o·it h the lips. 

_..., ..... vcr-,...,..,.,,...,.,.,. 
Ire); 10mewhatlater a veii
ITl('riStemoid is fo rmed at 
the surf11c:e of the cap: lips. 
made up of asctnding h. 

as in the prettding spt-cics: 
u. \'. in later stages lux
uriant O\'er the cap. re
duced along the stem: lips. 
consisting of aS«nding h. 
of small a:lls 

u. v. presumably as in the 
prcc::tdingspecies 

·An outer zone of radiating 
thruds ('blcmatogen ') re
mains ·concrete' with the 
pileus: lips. present 

3!1 outer zone or radht~ing 
h. remains concrete wilh 
the pileus: lips. as in !he 
prc<:tding species, pro· 
bably abundanl 

the u. v. of repent h. has ils 
grcalest extension outside 
the c-.ap margin: it coniiis tsl 
of long and lhin yellow 
hairs. mainly along the 
Stipe 

•ru• '"" •uJ•cenl "''~Ill• 01 
the vei l 

a serritd palisadodermium 
de\·tlops from a stage of 
about 300 11m wide {at the 
cap margin). it contains 
large yellow hairs with the 
walls thidcr !han I hose of 

"' ~ 
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:;> 
• 
1 
J 
~ 

" ~ 
[ 

the hairs in the veil ~ 
;;; 



speci~s 

Coprinus r:urtu.r Kakh. s.s. 
J. Lange 

Coprinu.fdisstmina/u.( 
(Pers. e~ Fr.) S. F. Gray 
KUhner, 1919 

succession 

the youngest stage a\·ail
abl~ (ht:ight 1601•m. width 
112 pm) is isocarpous 

piteo~t ipitocarpous. 
isocarpous 

Coprinus ht..:agonosporur in the youngest stage avail-
Joss. able the upper part of the 

prim. is occupied by a mcr
ist('moid: this may tx a 
pileostipitoc:arpous struc
ture. but soon the prim. is 
isocarpous 

Copriflu.r Ull~ulu/14.)' Pt:\:k pilc:ostipiuxotrpous soon 
( • C. lwuJirri QuO:\.) ~~M~~sly?ungc:st Stage 

TAaL£ I (cont .) 

origin of the 
hymenophore 

rupthymenial: only the 
most peripheral part of the 
layer of palisade hypha~ 

can be continuous: gill 
edge wide open in later 
stages: as to the ripening of 
the spores sec Descripti\·e 
Part 

according to K iihner. in 
the initial stage levhy
menial.butbythcactivity 
of 1he lam . tr . th~ palisades 
arc pushed sidewa rds and 
form isola!ed arches: th~ 
gill trama b«omes at
tached to the lips. and is 
open at latc:r stagc:s 

rupthymenial (from the: 
beginning - a classical 
c-ase) 

probabl)' rupthymc:nial 

unh·ersal veil. 
lips.ancnchyma 

with an inner initially ra· 
thcr thick, pro tenchymati<: 
layer and shon rows of 
spherocysts at t.he outside; 
soon the radial a rrange
ment of these rows is lost; 
lips. scanty 

as in the preceding species; 
protc:nchymatie pan 
perhaps less wide; lips. 
sca nty 

the u. v. is not cohc:rc:nt 
C\'Cn no t in young prim.: 
~·i th some scattered h .• a 
few sphc:rocysts, and \'esi
culose ek:menLS usually 
showing a long neck : these 
presumably empty cle
ments arc: less frequent 
along the stem: lips. scant)' 

the u. v. is no t cnhc:rc:nt 
and consisu of ~ea nered h. 

pil~ipc ll is 

a palisadodermium al
ready present in young 
prim.; the protoplasmic 
content is to be found in 
the upper part of the pal
is.ades. which aftel'\\-ards 
become about cubical: 
most hairs arise between 
the cells oft he dermium. a 
few also along the stem 

a palisadodermium which 
becomes a hymenider
mium, with large hair$ 
arising between its cells 

since s young stage a pali
sadod('rmium which be
comes arterwa rds a hy
mcnidermium: ~ith char
acteristiednrk stainingcla
vatc: hairs: arising between 
the: cells or the dermium: 
the: \'csiculose cells of the 
\·eil mosdy on the outSide 

a p;llisadodc:rmium arising 
in a youns 5tagc (diam. 440 



Coprinus t'phrmc-rus (Bull. al leas! isocarpous 
ex Fr.) Fr. 
R .. 1948 

Coprinus biSfHJfUS J. Lange unknown 
KUhner, 1926 

? Coprinus strllutus Bull. !he youngest s1age avail· 
R., 1948, 1961 erroneously able is isoca rpous 
called C. mist'r , bcc:ause of 
the absence of piloeystidia 
in sec lions of many advan-
ced primo rdia: cf. R .. 
19<& 293-295) 

Coprinw plirutilis (Curl. 
ex Fr.) Fr. 
R., 1951 

A88REVIATJONS USED. -

at leas! isocarpous. pos
sibly bymcnoearpous 
(youngest stage 350 ,...m 
wKSe) 

rupthymenial: gill-edge in 
!.:ncr stages wide o~n: 

some slight conntclions 

rupthymenial 

ruplhymcnial: gill-«<ge 
o~n from !he beginning 

rup1hymenial: gill-«<ge 
open fro m the beginning 
bu1 no conncc1ions be· 
cause lips. is abstnl 

which a rc prcscn l in I he much lnnated later o n (hy· 
yo unges1 s1ages: lips, pres- mcnidcnnium); many 

hairs prescnl bc!WC'Cn lhc
tt lls o f ahe dermium 

the young u. v. docs not 
cover the= whole prim.; it 
consists o f longi1udinal h. 
which run along the S l i~ 
and 1M pileus margin, and 
o f lo ng vesiculosc hain 
with a tapering ned: a ll 
aro und the prim,; lips. 
consis1ing o f ascending h. 

not described in detail 

as in C. ephcmcrus: lips. 
rather scanty 

u. v. and lips. abscnl: gym
nangioearpous 

a palis:adodennium wiah 
long hairs, similar 10 !hose 
of !he vdl, bc1wccn !he 
ttlls 

a palisadodermium pres
em when young. wi1h hairs 
bctwe<:n ilscc\ls 

a palis:adodermium pres
ent from I he younges1 sla· 
ges. with the cells soon in
Oatcd (hymcnodennium). 
with numerous acumi nate 
small hain (lcng1h 30-40 
~m) in young prim .. almost 
disa ppearing v.i th age 

a palisadodmnium pres
en! from the youngcs1 
s1ages: 1M palisade-cells 
becoming large and st
ro ngly inflated 

Atk . • G . F. Atkinson lips. • lipsancnchyma prot. - prolcncbyma 
h. - hyphae 
la m. If.- lfama or the gilJs 

pil , lr. - pilcus 1rama 
prim. • primordium 

R. • A. F. M. Reijndcn 
· • universal ,·cit 

"' ~ 
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Conocybc-. Coprinus). in wh ich th e= primo rdia a re a lready dininguished by a dominant p~udo

parenchymatic: text ure. and this may be considered an indica tion of specialisa tion. 
(2) A universa l veil wit h sphcrocysts is even more specinliscd than a veil consisting or long 

se ries or inflated cells. 
(3) When the same kind of hai rs is fo und over the cap and nlo ng the stem. this is considcrl'd a 

reduced and ahcred universal veil. and a cha racteristic of speciali sation. 
(4) A universal veil which no lo nger ha s a plcctcnchyma. but which is formed by a 

mcristcmoid. is more specia lised. 
(5) The simplest enclosure of I he adjacent tissue of a carpophorc is a condensat ion of this 

tissue. as can often be seen atlhesurfaccofthe stcm. This is called a cortex. A single co rtex is also 
often found on the upper side of the cap in ad\•anccd primo rdia. despite the fac t that in mature 
ca rpophores. it may have altered. 

An epit helium. which consists of a few layers o f somewha t isodia mcaric cells. is more evolved 
than a cortex, al tho ugh the diiTcrcnce is not alwa ys easily seen in the case of a dense cortex in 
sections. There is also an epithelium with a clearly distinguishable o uter layer. as in Coprilm3· 
poliomullus. 

A pa lisadodermium is witho ut questio n an e\·en more spt.-cialised enclosure of the ca p. the 
diiTerence between a palisadodermium and a hymenidermiu m being minimal: we could consider 
the Iauer to be a palisadodennium \•lit h s tro ngly inflated cells. 

(6) As far as the sequence of the emergence of the firs t structures is concerned , it is no t quite 
clea r whet her the pileocarpous structure is more evol\'ed than the isocn rpous o ne: the la tter is 
cert ain!)' mo re highly developed than the pilco-stipitoca rpous mode. For an exact definit ion o f 

these terms. sec the sect ion o n succession. 
(7) Compared to the grea ter part of the Agn rica lcs. the rupthyrnenial dc\'clopmcnt of the 

hymenophore is a peculiarity which is seen only o nce in a while with very highly concentra ted 
primordia. Usually, a continuous layer of palisade-hyphae is formed (lcvh ymenial mode). There 

a re. howt\'Cr. all kinds of transitional forms between these struct ures. and they are often present 
with Coprinus (Stt 'Origin of I he hymeno phore'). 

We will now try to apply these poi nts of view to the facts o f devclopmenl of Coprinus species 

which nrc presently known and which have been presented in the table. We can start from !he 
assumption that a species in Corpinusis primit ive when it has a veil that remains protcnchyma tic. 
that is pilco-stipitocarpous (but soon to be isoca rpous), levhymenial. and tha t docs not have a 
differentia ted pileipcllis. Of those studied in this article. we will find no species that correspond 
exactly. Those Spc.'<.'ics. howc\'er. which. according to Romagnesi. belong to the lmpr:ci. and. 

according 10 Singer. to the Alarhutmi. come closest . 
One could o bject that the wide veil which consists mainly o f unchanged generative tissue. has a 

spcci:a l texture in C. phaeospom t because of the radiating dichophysoid hyphae. and. further. 
that this species is mo re o r less rupthymenial. whereas C. brcusictlt' is the o nly specicsstudiL"d ti ll 

now which sho ws a clear pilcocarpous primordium. These fnets cannot be denied . and they do 
detract somewhat from 1he plausibilily o f the hypot hesis that the lmpf!:ri should be the most 

prim ilive Coprini . We ha ve to realise. howe\'er. that the pileocu rpous and isoca rpous types 
appear to be close together (in some cases the forme r might e\'en be more primitive than the 
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Ia ncr) and that the rupthymenial development of C. phaeosporus is no t the most explicit fo rm of 
this structure. 

In this Connection. it is regrett:1ble that the de\'elopment of so rew species or this group is 
known. but it is not always easy to lind material. According to the descriptions in the 'Flore 
anal)•tiquc'. the veil ca n vary a great deal in this group. 

Other gro ups that might come close to a primitive rorm are those or Coprinus nivt!u.Y and 
C. .nercororiusor the section Singercalled C)•c:/oideiFr .. and Kiihner & Romagnesi termed Vestiti 
J. Lange. Coprinus narcotkus is probably linked to these species. These species are characterised 
by a thick layer o r spherocysts over the cap, the func tion or which is not very well kno wn. but 
which a ppears in d ifferent no n·related genera (Cyswlepioto. Plweolepiota. PhaeomarasmilLf, 
etc.) among the Agaricales. 

It is pecu liar that these spherocysts in the species mentioned. ro rm o nly over the cap and no t 
along the stem. although they o riginate in the universal veil (sec 'Veil a nd pileipcllis' ). lr we 
consider a uni,·ersul veil to be a tissue which surro unds pari o r the primordium or the complete 
primordium. but which . in any case. stretches along the piteus·margin . thcn this consists here ora 
\.\'ide band or protench yma. in which the spherocysts develop in a rather irregula r way. These 
spherocysts are pushed out side. but no chains develop. ' 

Coprinus 'lil'eus and C. sterC'orariu.r do not have a differentiated pilcipellis: the o riginal 
protcnchyma or the pileus· trama is connuent with the inner layer o r the veil. These species are 
levhymenial. 

In C. patouillurdii. we find in the universal veil a th inner layer o r protench yma over the ca p 
and. outside th11t, sho rt chains or spherocysts. that. however. do no t appea r alo ng the stem. In 
la ter st:1ges.t he upper part orthe pileus consists o r an epit helium, which is difficult to distinguish 
rrom the short cells belonging to the veil which has almost completely split into cells (Fig. 16. 17). 
This species shows rupthymenial struct ures, but we also round peripheral tangential sections 
with continuous layers or palisades (sec 'Origin o r the hymenopho re'). CopriiiUS c o rtifiOti/S is 
linked to C. pawuillurdii. In this case as well . no spherocysts rorm along the stem. and a thinner 
layer o rprotenchyma in the veil and. finally. an epi thelium O\'C:r the pileus appear. However. the 
species is probably levhymcnial. which could be connected to the fact that we also round a closed 
edge or the lamellae in later stages (an exception!). 

What appeared o nly in later stages in the last two species- i.e., that between pileus and veil a 
zone o r cells appears that belongs partly to both ti ssues. we find with C. poliomallus from the 
beginning. Almost no ple<:tenchyma appears in the veil here, the lirst spherocysts being rormed in 
a \'Cry early stage (to a lesser ex tent also along the stem) and a mcristemoid develo ps in which the 
cell divisions occur mainly in a radia l dire<:tio n. so that the spherocysts often range in chains. In 
later stages. there is an epithelium over the cap with an o uter layer o r one-cell thickness. and this 
layer can be dist inguished rrom the ot her cells. This species also sho ws a more o r less 
rupt hymenial hymenophore (see Table 1). 

The species rrom the section. Micacei Fr .. can be compared with C. poliomallus. Coprinus 
ruditms already has almost no plectcnchyma over wha t will later become the demarcation line 
between pileus and vei l. This 1.one is \'ery narrow. a nd it ro rms radiating hyphae which divide 
into short cells out or which series or spherocysts origina te. This tissue is possibly less a 
mcristemoid than is the case with C. poliomal/us. According to Atkinson's description (/9 16). 
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c . • ~T""· 
c. ephemerus 
C . o\ll ng ul.::.tus 

\\ ""' \ C. hexagonosporu s 

\ """ \ C. cur t ua 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

c. auricornu!J 

\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

c. polio:na l l us 

c. patout I la r di i 
C. cor t t n11 t us 

\ C , narcot i c us 
\ c . a t e r cora rius 

' I \ C . ni veu& 
\ 
\ 
\ 
\ 
\ 
\ 

c. m1ca ccus 
c . r adi a na 

C . f l occulos us 

--- ------1 
I 
I 
I 
I 

c . mllc r deephalus 
C. macro rhi :tua 

HypothO: t1C pri lll<l-!Orlll 

T ARLE II 

Possible interrelationships of Coprfnw-spcdes 
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there is no plectenchyma present in the vei l of Coprinusmicacet1s. Si nger divided the Micacei into 
Doml'SticiSing., with fila ments between sphcrocysts. and Examwlali Lange, where this is not the 
case. Both types have clea rly rupthymenial structures. and the pileipellis is made up of a 
palisadodermium. which distinguishes the Micaceifrom the Vestiti. In the Ltmawli Fr. that have 
betn st udied up to the present. a meristemoid also plays a large part in crea ting the veil. In this 
way, these species can be compared with C. poliamall11s as well. Virtually the entire trama oft he 
\'try young pileus has been di vided into cells in C. macrorhizus and C. macrocephalus. From the 
centre of this trama. radiating hyphae arise. wh ich have already also divided into short cells. 
later. the pi leus·trama and the universal veil will separate beca use o f the formation o f a 
meristemoid at the juncture. This continues to form externally radiating filaments. the cells of 
which increase in breadth toward the surface. Very thin protenchymatic hyphae. growing 
downward . appear over the ri m of the cap. No pi leipcll is is present. The strongly developed 
velum pro bably takes over the funct ion of the pileipellis. The universa l veil is highly specialised in 
these species, as far as its growt h and development are concerned . There is a clear tendency 
toward the forma tion o f a rupthyme nia l hymcnophorc in these species. although this s tructure is 
not presen t in its most conspicuous fo rm. It has been claimed that C. jloccu/osu.f is an 
intermediate form o f Ltmmuli and Micacei. This is due to the st ructure of the veil. which will 
e\·entually consist of round a nd long clements (KUhner & Romagnesi. /953: 383). In earlier 
stages. there is quite a lot ofprotcnchyma present in the veil as an inner layer: however. th is soon 
di\·ides into small isodiamatriccel\s. The veil is notably less radiating than in Lanaw/i- atleast in 
later stages. There are no rea l spherocysts present . a lthough thin·wallcd . ro und elements do 
occur in the veil. The species has a wcll·dcvclopcd palisadodcrmium and is clearly rupthymcnial. 
It shows little: similarity with LAnaluli, altho ugh it could be gro uped with Micacei if o ne assumes 
that the sphcrocysts in this group have developed la ter. But if one assumes that in the course of 
C\'Oiution. spherocysts occurred even before the development of a pa lisadodermi um (C. 
pvliomullus). then the position of C. jlouulu.s11S remains somewhat enigmatic. 

Singer (/975) divides the H£wterobii into three subsections: Setulosi La nge. Auricomi Sing .. 
and Glabri Lange. KUhner& Ro magncsi ( 1953)mcmion on ly Sewfosi l a nge a nd HemnobliFr. 
The first arc divided into three groups, o f which two. apa.rt from peculiar hairs o n the cap. have 
sphcn>e)'Sts a s wel l. 

There are three species o f these Se1ulosi wi th spherocysts of which the development is known. 
Coprinus c·ur/tiS has a universal veil from the beginning. with a pro tcnchymatic inner layer a nd 
short series ofsphcrocysts. Soon. however. the hyphae of this layer divide into rou nd cells which 
bttome sphcrocysts. which are also present along the stipe . The num ber ofsphcrocysts is much 
smaller than in. for example. the Micacei. 

With these part ly thick·walled and specialised spherocysts. the peculia r hairs which grow o nly 
more numerous in later stages. the strongly innatcd palisadodermium. a nd a strongly 
pscudoparcnchymatic texture. C. curtis is certain ly a highl y evolved fo rm. 

Probably C. disst>minatusdocs not deviate from this very much. Judgi ng by KUhner's figures 
(1928: pl. I fig . 1·8), protcnchyma is present in the veil here as well. a nd on the o utside o ft he veil 
and along thestipe, spherocystsoccur. So these species. except fo rthedermium and the ha irs. can 
\'ery well be linked with certain Vestiti. a lthough C. patouillardii has no spherocysts along the 
St ipe. 



422 P E k 500 N I A- Vo!. 10, Part 3, 1979 

The vei l o f C. Jll!xagorrospoms is different from the beginning. Besides some few spher<Kysts. 
we also rind innatcd clements with long. ta pering necks here. The pilocystidiuthat occu r later are 
different from these \'til hairs. lk<:ause of the spttial nature of the veil . we can endorse the 
conclusion of M . Lange (1951: 11 0) in which he states: 'This species is probably the best link 
between the Nudi and Forinosi." 

We found these three species to be rupthymenial. all hough KUhner also draws a section wit h a 
continuous layer beside an interrupted one. Apart from that, C. disseminams is oft he type that 
becomes rupthymeninl very quickly thro ugh the activi ty of the gill-trama. 

The layer of sphcrocysts in the: veil in these species is probably in a state of reduction . since C. 
ll~xagonospoms points to th:u conclusion. In this way. we could derive the Nudi among_ the 
s~wlosi from this group with sphcrocysts. from a number of distinguishing characteristics. we 
can conclude that the S~tulosi without spherocysts a re a very specialised form. 
We consider specialised hairs (pilocystidia. ca ulocystidia) that occur over the cap and along the 
stem as an altered universa l veil and not as an in itia l phase (see ·veil and pileipcllis'). These 
species have a ll been provided wit h n pnlisado (hymcno)-dermium. and in th is group one finds 
the typica l rupthymenia l formation of hymcnophore with groups of palisade-hyphae ocxurring 
even before there is any growth in the tra.ma of the lamellae. Here the remarkable= thing ili that 
deliquescence is ofien less strong or does not occur a t all {C. di.uemillotu.f), According to M. 
L1ngc ( / 952: 108-130), deliquescence occurs in diiTercnt degrees and is dependent on 
environmenta l factors . We are inclined to take the decreased deliquescence as a reduction: these 
small species with nn often expanding ca p do not need deliquescence. Although C. ll !!pll!lllt'rus 
deliquesces according to Lange. we had a culture of this species from Baam. the well-developi ng 
fruit bodies of which did not deliquesce. 

A somewhat amazing experience was discovering. in young primordia of C. curtis, that the 
initial ripening of spores occurred over the com plete lamella . We have a lready men tioned the 
particulars in the description of this spcx:ics. We could establish the same fact with very young 
specimens of C. Mptemt'rll$ (cultivated). For these species. this disposes of the significant 
distinguishing peculiarity ofinequihymenifcrous fruit bodies, which is considered a cha racteris
tic of the genus. We nlso found lhat the initially formed spores were smaller than the ones which 
developed later (C!Cmen~on. 1979). Closer scrutiny of these smaller species could demonstrate 
that certain opinions concerning the genus Coprin11s arc genera lizations. 

Coprinus twricom11s (Reijnders. /974b) occupies a very ;tpcci:tl posit ion. which is not easi ly 
defined. Here the universal \'cil contains protenchymn. beside the known yellow-brown hairs 
which cover the greater pan of the young primordia . It is notable that the bristle hairs which 
develop later in the pileipcllis a rc larger and have a thicker wall than the original hairs in the veil . 
The species has a wclldcvcloped palisadodermium. but is levhymenial. and. in that respect. 
primiti\'C. 

It could be supposed that further reduction of the vei l could hn ve resulted in the o rigination of 
the Nudi (Se1Uios1) form types like C. 011ricomus. But we wou ld rather derive this group from 
Scwlo.fiwi th spherocysts via. for example. a type like C. llt':rngmzosportls. It i quite possible tha t 
the numerica lly rich group of Si!Wlosi without sphcrocysts is polyphyle tic. Onl)' a very exact 
knowledge: of the development of a grea t number of spt.'cies of this group could solve this 
problem. 
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The Glabri Lange or 1/emerobii Fr. (sensu FJ . anal.) should a lso be considered . Coprinus 
pliratilisis the best-known reprcsentativeofthissmall group. Jfwe take the reduction hypothesis 
furt her, then this species (which has no veil at all) would stand fort he final stage. There is neither 
uni\·ersal \'eil nor li psancnchyma. We called such fo rms g)•mnangiocarpous if the hymenophore 
has an endogenous origin . The palisadodermium occurs in an early stage and assumes huge 
proportions. The mature carpophore consists mainly of isodiametrical cells. The hymenophore 
is rupthymenial. although perhaps no t in its most significant form . We unfo rtunately did not 
have a section of a primordiu m which was young enough to determine this exactly. 

In Table II we ha\·e assembled the mo re o r less probable relationships existing between 
Stttions and species of Copri11us discussed above: we arc. however. very well aware of the fact 
that this table can only be approxima te and incomplete b«ause of the insufficient number of 
species studiCd. especia lly in the lmpe:ri a nd in the Sewlosi. and because of the difficully in 
proving phylogenetic rela tionships. 
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Cc travail vise: a approfondi r notre connaissance des relotions mutucllcs d'espCtt$ du gc: nre Coprinu.t li 
I' aide dt rttherches o ntogCnCtiqucs. La compamison d'enviro n 27 cspttes a mis d mlme l'autc:ur de prCcise:r 
quc:lquc:s crithes du dhtlop~ment sunout en ce qui conceme Ia sue«ssion dc:s structures initi:tlc:s dc:s 
PJrlies principalc:s du champignon. et ! 'origin~: rupthymCniak de l'hymCnophore. La thi-.sc qute tous lu 
Coprins sont du tyJI(' inC:quih)mC:nifCre est unc gC:nhnlisation inadmissible. l es variations dans ks \'Oilcs et 
du piiCipdlis. si imponantcs pour Ia classiftea tion des cspkes dans ce genre. ont C:tC: con idC:ties 
intCgraltmcnt; Ia term inologie g(:nCrale des Sti'U(turcs coni<:alcs. qui paralllue trC:s conru~ de nos jours. a 
Cte di.scuteeen dCtail. Pour finir. l'autcur a CS$8)'C de drascr un schCme des relations phylogCnC:tiques dans lc 
genre rna is il faudmit Ill connaiMantt du dhcloppemenl d'un plus grand nombred'espCces pour acq uC:rirdc:s 
rbiultats plus exacts dans cc domaine. 
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