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ABSTRACT

The genus Crossosoma, as the only genus in the family Crossosoma- 
taceae, consists of four species. In 1975, C. T. Mason described a new 
taxon for the family, Apaohevia chiviedhuens'Ls. The two genera show 
many similarities as arillat seeds, glabrousness, a highly branched 
habit, and rock crevice habitat. They differ in the presence of alter
nate, exstipulate leaves and 5-merous flowers in Crossosoma and 4-merous 
flowers and opposite stipulate leaves in Apaeheria.

The purpose of this study is to investigate the embryo sac 
development of A. chiriedhuensis and C. bigelooii., in order to obtain 
more evidence regarding the relationship of the two genera.

The mature ovule of A. chiricahuensis and C. bigelovii is ana- 
tropous, bitegminal, and crassinucellar. The development of the embryo 
sac of both genera follows the normal monosporic eight-nucleate type.

The results of this study are inconclusive on the relationship 
between the two genera because nearly 70% of the angiosperms which have 
been studied follow the normal monosporic eight-nucleate type of embryo 
sac development.



INTRODUCTION

The genus Crossosoma was first recognized by Nuttall (1847) 
in his description of Crossosoma oalifornioum. He presented the 
following description of his new taxon: Crossosoma is a low shrub,
with unequal, concave, alternate, simple, and exstipulate entire leaves. 
The flowers are white, solitary, and te rminal.: The calyx consists of 
5 persistent sepals. The corolla is of five, white, subsessile, and 
oval petals. The stamens are numerous, about twenty-five, on a fleshy 
disk. The gynoecium consists of 2 to 5 carpels united at the base 
into a short stipe, with thick, sessile, and recurved stigmas. The 
ovary bears many ovules. The fruit is a follicle, with many seeds.
The seeds are roundish-reniform, with a large fringed aril!us. Speci
mens were originally collected on Santa Catalina island off the coast 
of Southern California, but plants have now been found on San Clemente 
and Guadalupe islands in this same vicinity. Nuttall suggested that 
it "may well form a sub-order Crossosomaea." He also proposed 
Crossosoma to be classified as "Nat. order Paeoniaceae."

On the basis of the perigynous stamens and aril of the seeds, 
Torrey in 1857 stated that "the plant may nevertheless belong to the 
tribe or sub-order Paeoniaceae." In 1857, Torrey was inclined to refer 
the genus Crossosoma to the tribe Spiraeae (Rosaceae) on the basis of 
flower similarities, but he declined because the seeds of order Rosaceae
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do not haye an aril. Torrey also attempted to place Crossosoma in the 
Di11eniaceae, which differs in not having the stamens on a perigynous 
cup.

In 1862, Bentham and Hooker questioned the position of the 
genus Crossosoma and where it belongs. They reported that C. califovniewn 
differs from: i ) Faeonia in having persistent sepals and aril!ate seeds;
ii) Dilleniaceae and Ranunculaceae in having perigynous stamens, anthers 
dorsal1y affixed, and long embryo; iii) Rubiaceae in having more 
stamens and aril late seeds; and iv) Rosaceae mainly in arillate seed 
and embryo.

Watson (1876) described Crossosoma bigelovii as the second 
species in the genus and distinguished it as a low shrub, more slender 
than c. oalifomioum and all parts much smaller. This new species is 
distributed from Southeastern California and Arizona south into Sonora 
and Baja California.

Crossosoma parwiflorum, first collected in Grand Canyon of the
Colorado River, Arizona by Gray in 1885 with fruit only, was referred
to as Glossopetdlon nevadense (Celastraceae), The second collection 
was made by Hartman in 1890 at La Tinaja, Sonora. Robinson and Fernald 
(1894) referring to these two collections described C, parviflorm and 
assigned it as the third species in the genus.

The family Crossosomataceae was recognized by EngTer (in
Engler and Prantl1897) and, although closely related to Rosaceae 
(Spiraeoideae), it was distinguished by the well developed aril and 
the presence of endosperm.



Cvossosoma glauewn, the fourth species of the genus, was 
described by Small in 1908 from material collected by Palmer thirty- 
two years earlier from Hassayampa River Valley in Arizona. Both c. 
parviflorum and C. glauoim show such close relationship to C. bigelovii, 
it is questionable that they should be recognized as distinct at the 
species level.

In 1975, C.T. Mason described Apaohevia as the second genus 
in the family. He characterized the species, Apachevia cM'V-todhuensis, 
as a small shrub, with opposite, obianceolate-spathulate, and stipulate 
leaves. The flowers are solitary and sessile-pedunculate, with hypan- 
thium. The calyx consists of four sepals averaging 3.5 millimeters 
in length. The corolla consists of four petals averaging 4 millimeters 
in length. The stamens are 8 free, with anthers averaging 0.5-1,0 
millimeters long. The gynoecium consists of 1 to 4 free carpels, each 
with 2 ovules. The fruit is a follicle, with 2 seeds. The seeds are 
reniform, with entire to fimbriolate aril. Apachevia ohivicdhuensis 

is known only from the Chiricahua Mountains, and hence the specific 
epithet chiricahuensis.

Although A. chiviodhuensis shows a greater similarity to 
C. b-Lgelov'li in its glabrous, highly branched habit and rock crevice 
habitat than any of the other species of genus Crossosoma, it also shows 
some resemblance to members of Saxifragaceae and Rosaceae (Mason, 1975).

Cvossosoma bigelovi-t differs from Apaohevia dhiviedhuensis 
in having 5-merous flowers with 5 to 20 or probably more stamens and
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alternate exstipulate leaves. The carpels of J, bigelovi'l contain 
many ovules, whereas those of A. Ghivicahuensls contain only 2 ovules.

Very few studies have been made of the two genera beyond the 
original description of this species. Raven and Cave (1963) have re
ported 12 pairs of relatively small chromosomes in C. bigelovi-L and 
C. eatifovnieum and Vani and Kapil (1963) determined the Polygonum or 
"normal" type of megagametophyte development in Cvossosoma callfoTnicwi.

The chief purpose of this research is to compare the mega
gametophyte development in C. bigelov-ii and A. chiviodhuensis, in 
order to determine if any relationship exists between the two genera.



MATERIALS AND METHODS

Crossosoma bigelovii is common in the vicinity of Tucson and 
was easily obtained. However, Apaohevi.a chiricdhuens'ls is available 
only in Cochise county, and was thus more difficult to obtain for 
this study. Crossosoma higeZQVit and Apacheria chiviedhuensis flower 
buds were collected in all different stages of development. Collections 
of C. bZgelovii were made from Upper Sabino Canyon, Santa Catalina 
Mountains, north of Tucson, Arizona and a location 2 mi 1es north of 
Burro Creek, east of Bagdad, Arizona, on various field trips from Jan
uary to Ap ri l , 1976. Buds of Apaeheria chiviedhuens-is were collected 
from the Chiricahua National Monument on two field trips during March 
and April, 1976. Voucher specimens of both species are on deposit in 
the University of Arizona herbarium.

Buds of both species were immediately killed and fixed for 24 
hours in Randolph's Modified Navashin fluid and stored in 70% ethanol 
(Johansen, 1940). Prior to dehydration, the non-essential floral pa rt s , 
sepals, petals, and stamens, were removed to keep the carpels clear 
enough for the desirable orientation. The carpels were then run through 
the tertiary-butyl-a!coho! series as described by Johansen (1940). Buds 
were then embedded easily and thoroughly in paraffin. A rotary micro
tome was used for sectioning. Although a 6 to 10 pm range was tried, 
the best sections obtained were cut at 8 ym in thickness.
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In affixing the paraffin ribbons to the slides, the Haupt's 
adhesive method was used (Johansen, 1940). A few drops of 4% formalin 
solution was applied on top of the adhesive for floating the ribbons, 
the paraffin ribbons were then straightened on the warming plate at 
30° to 40°C. Before staining began, paraffin was removed by passing 
the slides through xylol, xylol and alcohol mixture and varying per
centages of alcohol according to the schedule given by Johansen 
(1940s p. 151). Slides remained 10 minutes in each alcohol solution. 
Slides were then placed into 4% ferric ammonium sulphate (iron alum) 
for mordanting to ensure good staining. Slides were left in the m or
dant solution for 2 hours before transfer to stain.

Heidenhain's Iron Hematoxylin stain was used (Johansen, 1940). 
Slides were left overnight, in order to obtain well stained sections. 
The sections were then destained in 2% ferric ammonium sulphate solu
tion for 10 to 20 minutes. The si ides were then transferred to a 
cop!in jar full of distilled water for one hour. Then they were run 
through the alcohol-xylol series for dehydration. The slides were 
allowed 5 minutes in each cop!in jar, and then they were transferred 
to the last jar containing the final solution of pure xylol for 5 more 
minutes before mounting.

Cover glasses (No. 2, 24 x 50 mm) were affixed with Permount 
on the microscope slides which were then placed on a warming table at 
40° to 50°C, for 7 to 8 days to ensure the hardening of the mounting 
medium.



MEGAGAMETOPHYTE DEVELOPMENT OF CEOSSOSOMA BIGELOVII

The ovules of Cvossosoma bigelovii are anatropous, bitegminal, 
and crassinucellar (Fig. 1). According to the. development of the 
ovule, it seems that the inner integument grows first and then is 
followed by the outer integument. The inner integument is 2 cell 
layers in thickness, while the outer integument is 3 to 4 cell layers 
in thickness. As the embryo sac grows, the tissue of the integuments 
continues to elongate until they meet and completely surround the 
nucellus and its components, leaving a very narrow micropyle. The 
cell layers of the nucellar tissue at the micropyle end increase in 
thickness from earlier stages of megagametophyte development to more 
and highly advanced stages of development.

The megaspore mother cell is located three cell layers beneath 
the nucellar epidermis. It is readily distinguished from the sur
rounding cells by its large size and dense cytoplasm (Fig. 2). At 
this particular stage, the cell measures 15.6 urn in length. The 
nucleus is spherical and measures 3.6 ym in diameter. The megaspore 
mother cell undergoes two successive meiotic divisions. The first 
division results in two dyad nuclei. The second division produces a 
linear tetrad of four megaspores. None of the chromosome activities 
of the meiotic stages was observed.

The dyad stage is illustrated in Figure 3. The two nuclei were 
. not.separated by a w a l l . At this stage, the nuclei measure 3.6 ym
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Figure 1. Crossosoma bigelov'ii, final orientation of 
the ovule with the 2 integuments and the 
crassinucellate nucellus.
ii, inner integument; o i , outer integument; 
nu, nucellus; f , funiculus. X333.
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Figure 2. Crossosoma bigelovii, megaspore mother cell (arrow)

I gwmgm
4

Figure 3. Crossosoma bigelovii, two dyad stage (arrow).
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in diameter each. The thickness of nucellus and the size of the 
ovule are identical to previous stage.

Figure 4 illustrates a linear tetrad of four megaspores which 
separated from each other as a result of plasmolysis. Disintegration 
of three of the four megaspores commences with the one nearest the 
micropyle. The megaspore at the chalazal end is the largest cell and 
measures 18 pm in length. The other three megaspores are slightly 
over half the length of the chalazal megaspore. The linear tetrad is 
five cell layers beneath the nucellar apex. The integuments have 
increased in length, but their thickness is still the same.

As a rule, three of the megaspores nearest the micropyle end 
disintegrate, and only the fourth megaspore becomes the functional 
one. In c. bigelovii the fourth megaspore at the chalazal end becomes 
the functional megaspore; however, in cal'ifovnicwn the second mega
spore from the chalazal becomes functional (Vani and Kapil, 1963). The 
three disintegrated non-functional megaspores appear as dark arches 
of structureless material arranged above the remaining functional mega- 
spore (Fig. 5). The functional megaspore undergoes three successive 
mitotic divisions. The first division results in a two-nucleate stage. 
The second division produces a four-nucleate stage. The third and last 
division results in an eight-nucleate embryo sac. In this stage, the 
cells adjacent to the embryo sac begin to disintegrate allowing enough 
space for the growing megagametophyte. The thickness of the nucellus 
under the micropyle has increased to 6 layers. The integuments appear 
little longer than any of the previous stages.
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Figure 4. Crossosoma bigelovii, linear tetrad of 4 megaspores (bracket).
Note the disintegrated megaspore nearest the micropylar end.

Figure 5. Crossosoma bigelovii, large functional megaspore (bracket) 
with the disintegrated three megaspores above it.
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Unfortunately, the two-nucleate stage was not found. The 

four-nucleate embryo sac was next seen (Fig, 6). The embryo sac at 
this point is 42 urn in length. The four nuclei organize themselves 
into one distinct pair at the micropylar end and one pair at the 
chalazal end, with large and conspicuous vacuole present in the middle 
of the sac. At this stage, each nucleus from the pair closest to the 
micropylar end measures 4.8 ym in diameter. Those at the chalazal 
end measure 3.6 urn in diameter. The four-nucleate sac is about six 
cell layers beneath the nucellar epidermis. The ovule and its com
ponents are completely surrounded by the integuments.

The formation of the embryo sac is accomplished by three 
successive mitotic divisions of the remaining functional megaspore.
The eight nuclei organize themselves into the three-celled egg apparatus 
at the micropylar end, three antipodal cells at the chalazal end and 
one nucleus from each pole migrates to the center to form the polar 
nuclei (Fig. 7), At this stage, the embryo sac is 60 ym in length.
The polar nuclei are the largest, measuring 4.8 ym in diameter each.
The smallest are the antipodal cells, measuring 1.8 ym in diameter.
The egg and the two synergids, measuring 3.6 ym in diameter each, are
thus intermediate in size. The egg apparatus is normal, and the egg is 
not readily distinguishable from the synergids. The antipodal cells 
are arranged in cluster form at the chalazal end. The vacuole appears 
very clear and discernable in the middle of the sac. The eight-nucleate 
embryo sac is seven to eight cell 1ayers beneath the nucellar epidermis. 
The size of the ovule and its components are nearly identical to the 
one- and four-nucleate stages.
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Figure 6. Crossosoma bigelovii, four-nucleate embryo sac (bracket).

Figure 7. Crossosoma b'Lgelov'L'i, monosporic eight-nucleate embryo sac 
(bracket) with the usual arrangement of the eight nuclei.
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According to the above presentation, however, the development 

of the embryo sac in Crossosoma b-igelovi-i- conforms to the normal 
monosporic eight-nucleate type-. Vani and Kapii (.1963) reported that 
Crossosoma oal-ifomi.oim foilows the same Polygonum type pattern.

As the embryo sac becomes more mature, the two polar nuclei 
fuse, and the megagametophyte becomes ready for fertilization; how
ever, fertilization was never observed. T h u s , it becomes a good sub
ject for further and future investigation.

The sequence of megagametophyte development of C. bigelovii 
is represented by camera lucida drawings (Fig. 8). All photographs 
and camera lucida drawings are orientated with the micropylar end 
upward. ;



Figure 8. Camera lucida drawings of the megagametophyte development of 
Crossosoma bigelovii.

A. Megaspore mother cell. X448. B. Two dyad nuclei,
X555. C. Linear tetrad of four megaspores. XllTl.
D. Functional megaspore. X722. E. Four-nucleate embryo 
sac. XI428. F. Eight-nucleate embryo sac. XI083.
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Figure 8. Crossosoma bigeZoiyii,> megagametophyte development



MEGAGAMETOPHYTE DEVELOPMENT OF APACHERIA CBIRICAHUENSIS

The ovary of A. ehi-viodhuens-is is made up of 1 to 4 free car
pels, each enclosing only two ovules. As in c. bigelovii, the ovules 
are anatropous, bitegminal and crassinucellar (Fig, 9), According to 
the ovule development, it appears that the inner integument grows 
first and then is followed by the outer integument. The thickness of 
integuments varies throughout the course of the megagametophyte devel
opment. The megasporangium of A. ohiviadhuensis is large and consists 
of very long integuments and large embryo sac, whereas that of
C. Mgelovii is slightly smaller and consists of short integuments and 
small embryo sac. As the embryo sac grows, the two integuments in
crease in length and the nucellar tissue adjacent to the sac disinte
grates permitting enough space for the developing embryo sac.

The megaspore mother cell as such was not seen. The two dyad 
nuclei stage was observed (Fig. 10). These nuclei resulted from the 
first meiotic division of the megaspore mother cell nucleus. These 
nuclei mi grate to the opposite pole of the cell. The dyad cell measures 
24 ym in length. The two nuclei measure 3.6 urn in diameter each.
The second meiotic division results in a linear tetrad of four mega
spores (Fig. 11). The dyad cell is four cell layers beneath the micro- 
pylar epidermis. The inner integument is 2 cell layers in thick
ness, while the outer integument is 3 cell layers in thickness.

16



Apaoheria chiricahuensie, orientation of the ovule with the 
two integuments.
Note the length of the integuments, and the crassinucellate 
type of nucellus.
i i , inner integument; o i , outer integument; nu, nucellus; 
f , funiculus.
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Figure 10. Apacheria chiricdhuensis, two dyad nuclei (bracket).

Figure 11. Apacheria chiricahuensis  ̂ linear tetrad of 4 megaspores 
(bracket).
Note the size of the fourth megaspore in contrast to the 
other 3 megaspores.
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Of the four megaspores, the cell at the chalazal end is the 
largest. It measures 24 pm in length and contains a very large and 
discernible nucleus 4.8 pm in diameter. As a rule, the three mega- 
spores closest to the micropylar end disintegrate, and only the fourth 
megaspore becomes the functional one. The formation of the mature fe
male gametophyte is accomplished by three successive mitotic divisions 
of this functional megaspore. The first division results in the two- 
nucleate embryo sac (Fig. 12). The second division forms the four- 
nucleate embryo sac. The third division produces the eight-nucleate 
embryo sac (Fig. 14, p. 23). The thickness of the nucellus under the 
micropyle is still the same as the previous stage, but the size of the 
ovule and the length of the integuments have a noticeable increase. The 
thickness of the inner integument is 3 cell layers at this point, but 
no change was noticed for the thickness of the outer integument.

The binucleate stage of the embryo sac is illustrated in Figure 
12. At this stage, the ovule shows a considerable increase in its size 
and the embryo sac measures 54 pm in length. The cytoplasm of the sac 
is marked by a large vacuole between the two nuclei which lie at either 
end in dense cytoplasm. The two nuclei measure 3.6 pm in diameter each,. 
Remains of the three disintegrated megaspores are very conspicuous and 
appear as dark patches concentrated above the embryo sac. The two- 
nucleate embryo sac is approximately 7 cell layers beneath the nucellar 
epidermis. The length of the two integuments has increased, but their 
thickness is still unchanged from the linear tetrad of the four mega- 
spores stage.
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Figure 12. Apacheria ohiricakuensis> two-nucleate embryo sac with the 
disintegrated three megaspores (arrow).



Unfortunately, the four-nucleate embryo sac was not observed. 
Figure 13 is a camera lucida drawing of the five-nucleate embryo sac 
stage. At this stage, the upper micropylar nucleus divided into two 
equal daughter nuclei resulting in the five-nucleate stage. The five 
nuclei organize themselves into the three nuclei at the micropylar end 
and two at the chalazal e n d . The two daughter nuclei are separated 
from the undivided nucleus by a membrane. The two nuclei at the 
chalazal end are separated from those at the micropylar end by a large 
and distinct vacuole. The embryo sac at this stage is 78 ym in length. 
The two daughter nuclei measure 3 ym in diameter each. The third un
divided nucleus measures 4.8 ym in diameter and each of the two nuclei 
at the chalazal end is 3.6 ym in diameter. The length of the integu
ments has slightly increased, but their thickness is still 3 cell 
layers.

The eight-nucleate embryo sac with the nuclei arranged in posi- 
tion was the last stage seen (Fig. 14). The nuclei of the embryo sac 
are connected to each other by cytoplasm strands. The embryo sac 
measures 90 ym in length. The egg nucleus is 2.4 ym in diameter, 
and each of the two synergids measures 3,6 ym in diameter. Thus, . 
the egg is readily distinguishable from the synergids by Its size. The 
organization of the embryo sac nuclei appears very n o rm al, although one 
of the polar nuclei was missing. The egg, the synergids, one polar 
nucleus, and the antipodal cells are embedded in dense cytoplasm, 
leaving a very discernable vacuole in the middle of the sac. The em
bryo sac is 7 cell layers beneath the nucellar apex. At this stage.



Figure 13. Camera lucida drawing of the five-nucleate embryo sac of
Apacheria ohiricdhuensis.

Note the divided upper micropylar nucleus. XI600.
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Figure 14 Apachevia chiricdhuensis, monospon"c eight-nucleate 
embryo sac (bracket) with the usual arrangement of the 
eight nuclei.
Note the missing nucleus of the polar nuclei (arrow).



the two integuments completely surround the nucellus and its com
ponents. The thickness of the integuments is the same as in the 
megaspore two- and five-nucleate stages.

As in Crossosoma Mgelovii* the antipodal cells are arranged 
in a cluster form, and the development of the female gametophyte 
follows the normal monosporic eight-nucleate type.

Figure 15 shows camera lucida drawings of the megagametophyte 
development of Apaehevia ehiricdhuensis in sequence. Drawings 15a, 
15b, 15c, and 15e were made from photographed sections; drawing T5d 
is a composite of two serial sections. All photographs and drawings 
are oriented with the micropylar end toward the top of the page.



Figure 15. Camera lucida drawings of the megagametophyte development
of Apachev'la Qhivicdhuens'is.
A. Dyad stage. X750. B. Linear tetrad of four mega- 
spores . XI083. C. Two-nucleate stage. XII48.D. Five-nucleate stage. XI025. E. Eight-nucleate 
embryo sac, note the missed nucleus of the polar nuclei. 
XI044.
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Figure 15. Apacheri,a ch'iricahiens'Ls, megagametophyte development



DISCUSSION

The megagametophyte development of Cvossosoma blgelovi-i and 
Apaeheria ohiviadhuensis was studied and found to follow the basic 
monosporic eight-nucleate type. Through the course of the embryo sac 
development of both species, many similarities were observed. The 
megaspore mother cell undergoes two successive meiotic divisions re
sulting first in a two dyad nuclei and then in a linear tetrad of four 
megaspores. The three megaspores nearest to the micropylar end are 
eliminated and the megaspore at the chalazal end becomes the functional 
one. This functional megaspore undergoes three successive mitotic 
divisions. The first division results in a two-nucleate stage. The 
second division produces a four-nucleate embryo sac. The third division 
results in the eight-nucleate embryo sac. The eight nuclei organize 
themselves into the three-celled egg apparatus at the micropylar end, 
the antipodal celIs at the chalazal end and one nucleus from each pole 
migrates to the center to form the polar nuclei which appear as the 
largest nuclei in the embryo sac of the two species.

The stages of the embryo sac development of C. b-Lgelovii and 
A. chivicdhuens'Ls correspond to similar stages in C. califovn-lem as 
described by Vani and Kapi 1 (1963). In C. b'igelovii and A. chivtcdhuen- 
sis, the last megaspore at the chalazal end functions whereas in c. 
oaHfomiam-, the second megaspore from the chalazal end functions.
The mature ovule of the two genera is anatropous, bitegminal, and crassi- 
nucellar. Both genera have an oval mature embryo sac. The differences
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between the species are as follows: the size of the ovule, the size
of the embryo sac, the length of the integuments, the thickness of the 
inner integument, the size of the egg nucleus, and the arrangement of 
the synergids. In A. ah-irieahuens-is, the ovule appears larger than 
that of C. bigelovii. The size of the embryo sac in C, bigelovii is 
much smaller in contrast to that of A. ehiviedhuensis* The integuments 
in C. bigelovii are short whereas in A. ohivicdhuensis they are very 
long. In c, bigelovii, the thickness of the inner integument is 2 
cell layers whereas in A. chiriodhuensis it is 3 cell layers. The 
egg nucleus in A. ohivicdhuensis is 2.4 ym in diameter whereas in 
C. bigelovii it is 3.6 ym in diameter. The arrangement of the synergids 
in A. ohivicdhuensis appears closer to the micropylar end of the embryo 
sac and each synergid is surrounded by a membrane which encloses a 
mass of cytoplasm, whereas in c. bigelovii they are arranged almost 
side by side with no membrane separating them. Only two ovules are 
formed per carpel in A. ohivicdhuensis whereas in C. bigelovii, many 
ovules are formed per carpel.

The results of this investigation do not elucidate the rela
tionship between these two genera, since the mondsporic eight-nucleate 
embryo sac has been found in at least 70% of the studied angiosperms 
(Maheshwari, 1950). Therefore, it would be very difficult to draw any 
further conclusion based on megagametophyte development. The separation 
of the two genera can still be represented by f.lower structures, number 
of ovules per carpel, seed structure and the slight distinctive 
differences in the mature ovule, i.e., size of the ovule, size of the
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mature embryo sac, the length of the integuments, thickness of the inner 
integument, size of the egg nucleus and arrangement of the synergids.
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