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Organogenesis was observed in different age embryos and first 

instar larvae of Nomia melanderi Cockerell (Halictidae),, Megachile 

rotundata (Fabricius) (Megachilidae), and Bombus griseocollis 

(DeGeer) (Apidae) (Hymenoptera : Apoidea). It was found that, with 

the exception of the ventral nerve cord, comparable organ develop- 

ment had occurred by the beginning of the first instar larvae in all 

three species. Throughout egg development, Nomia and Megachile 

showed comparable organogenesis even though their incubation 

periods were different. Bombus had approximately the same length 

incubation period as Megachile, but the timing of organogenesis was 

completely different; Bombus eggs exhibited slow development at 

first followed by exceedingly rapid organogenesis. 

The determination of phylogenetic relationships was attempted 

within the three bee families on the basis of organogenesis. Criteria 
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used were (1) the fusion in both the fibrous core of the suboesophageal 

ganglion and the ventral nerve cord ganglia, (2) reduction of rudi- 

mentary legs in the first instar larvae, and (3) timing of organ de- 

velopment. 
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COMPARATIVE EMBRYOLOGY OF NOMIA MELANDERI, 
MEGACHILE ROTUNDATA, AND BOMBUS 

GRISEOCOLLIS (HYMENOPTERA: APOIDEA) 

INTRODUCTION 

Embryological studies on the Apoidea have been confined to 

descriptions of the developmental processes, determination of the 

centers of differentiation, and most recently, to explanation of these 

processes in terms of genetic control. The comparative embryology 

of this group has not been possible, for descriptive works exist only 

for the honeybee, Apis mellifera (Nelson, 1915; Johannson and Butt, 

1941; Dobrovsky, 1951). 

Descriptive studies of organogenesis are a necessary pre- 

requisite to any embryological experimentation. Until the sequence 

of development is known, experiments such as ligation or centrifuga- 

tion have no significance, because the first effect upon the embryonic 

development cannot be recognized. Experiments on insect embryos 

have been attempted without knowledge of the normal sequence of 

embryonic development; however, the only results obtained were per- 

cent mortality of the experimental embryos (MacLeod, 1933, Amy, 

1955). The time at which different developmental stages occur is 

also important, for often mosaicism in the egg occurs only after a 

specific stage of development is reached. For example, eggs of 
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Apis were found to be regulative before the blastoderm stage, but 

mosaic from that stage on (Schnetter, cited in Waddington, 1955). 

Since entirely different results are obtained in experiments on regu- 

lative and mosaic eggs, knowledge of approximately when the various 

stages occur are necessary in determining when experiments should 

be performed. 

Comparative phylogeny in the bees has been based primarily 

on adult morphology (Michener, 1944). Michener (1944) has hypoth- 

esized as to the Fhyletic relationships of the three families discussed 

in this paper. He contends that Halictidae is the most primitive, 

Megachilidae is intermediate, and Apidae is the most advanced. 

Working with larvae, Michener (1953) cited 11 characters which 

showed trends in the evolution of the bees. However, he found that 

there was no correlation between the phylogeny based on adults and 

that based on larvae. Michener (1953) indicated that larvae and 

adults are exposed to different sets of environmental factors and 

mutations may occur which affect the phenotype in one stage but not 

in the other. Therefore, the selection could influence characters 

phenotypically in one stage but not in another. 

Of all the stages of the insect, the stage which is least affected 

by strong selective pressures is the embryo. The characteristics 

of embryos are more stable than those of the other stages and so the 

embryo is potentially valuable in phyletic determinations. Phyletic 
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conclusions have not been commonly drawn from insect embryonic 

stages. However, comparative embryology has been used to deter- 

mine the phylogenetic position of the phylum Entoprocta, which, in 

the adult form, resembles the ectoprocts (Barnes, 1963). Embryonic 

evidence has been used in determining the phylogenetic relationships 

of Pelecypoda and Scaphopoda (Mollusca) and Sipunculoida and 

Echiurida (Barnes, 1963). 

This research had three objectives: (1) to describe the or- 

ganogenesis of three bee species, Magachile rotundata (nec 

Fabricius) (family Megachilidae), Nomia melanderi Cockerell 

(family Halictidae), and Bombus griseocollis (DeGeer) ( family 

Apidae); (2) to compare the organogenesis of the three species and 

to determine if organogenesis studies could be used to determine 

phylogenetic relationships among the three species as representatives 

of their respective families; (3) to determine, on the basis of com- 

parative organogenesis of the three species, if it was feasible to use 

embryonic development as a criterion for determining phyletic rela- 

tionship at the subgeneric level. 

The bees in this study were chosen because they were available 

in numbers and because they represented three families of bees 

'Hurd (1967) states that the so- called M. rotundata found in the 
U. S. is not M. rotundata (Fabricius) of Europe. The species used 
in this research is either undescribed or nonassociated. 
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broadly separated phyletically. In this paper, the term embryo will 

be used to designate the stage in the life cycle from the formation of 

the oocyte to the hatching from the egg. The term primitive is used 

to describe a certain characteristic which is at an early stage in the 

evolutionary history of the group; advanced is a characteristic which 

has evolved from the primitive characteristic. Often, a phyletic 

relationship from primitive to advanced may be found in one family, 

but not in the suborder as a whole. The evolution has occurred at 

the family level and, therefore, cannot be used as a characteristic 

on which to base the phylogeny of the whole suborder. The advanced 

form in such cases is called a specialized form. 
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LITERATURE REVIEW 

Studies on the embryology and organogenesis of Apoidea have 

been primarily confined to the honeybee, Apis mellifera. Nelson 

(1915) presented the first definitive descriptive work of the species, 

which is used as a descriptive standard in this study. Nelson`'s work 

was summarized and supplemented with a review of the experimental 

evidence of differentiation by Johannson and Butt (1941). Dobrovsky 

(1951), in his work on post -embryonic changes in the digestive tract 

of honeybees, corrected several errors made by Nelson in his treat- 

ment of the digestive system and the mouthparts of the embryos and 

first instar larvae. The most recent descriptive work on honeybee 

embryology dealt with the three major types of vitellophages (Muller, 

cited in Counce, 1961) which differ in times and places of origin and 

in function. 

Studies on regulation in honeybee eggs were initiated by 

Schnetter (cited in Counce, 1961) who reported a differentiation cen- 

ter in the embryonic presumptive prothorax. This center was found 

to control later development (Schnetter, cited in Waddington, 1955). 

The histological changes in the center during regulation and its 

morphological movements have been studied (Schnetter, cited in 

Waddington, 1955). Sauer -Locher (cited in Counce, 1961) found that 

dorsal closure of the embryo and the shortening of the germ band 
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apparently were not regulated by this differentiation center. 

Regulation studies of a different type were attempted by 

DuPraw (1960, 1963). He transferred the nucleus of a Carniolan 

honeybee egg into a Cyprian egg without a nucleus in an attempt to 

test the relative effects of the nucleus and cytoplasm on development. 

The transfers were successful, but no account of the effects upon 

development has yet been published. 

More recently, studies have been made in an attempt to cor- 

relate production of adult anomalies with what has occurred in the 

embryonic development. The first study of this kind (Taber, 1955) 

involved the infrequent appearance of workers with tissues of two 

genetically different types. Taber (1955) hypothesized that these 

mosaic workers came from binucleate honeybee eggs which had been 

fertilized by two sperm. Tucker (1958) investigated the first cleav- 

age of honeybee eggs in an attempt to explain the production of 

workers by unfertilized queens. He concluded that a misorientation of 

the second spindle of meiosis caused two of the recently separated In 

nuclei to fuse. 

Egg weights in honeybees have been found to be hereditary 

(Taber and Roberts, 1963). Egg weights were found to vary for dif- 

ferent inbred lines and when adults from these lines were crossed, 

eggs of intermediate weight were produced. 

In Bombus, only preoviposition embryology has been studied. 
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Palm (1948) and Hopkins (1964) reported changes in accessory 

nuclei and yolk in eggs prior to oviposition. Palm (1948) concluded 

that the accessory nuclei formed large yolk granules, whereas 

Hopkins (1964), through electron microscopy, determined that the 

fine structure of the accessory nuclei and yolk granules were dis- 

similar. Hopkins (1964) hypothesized that the accessory nuclei 

might function in the formation of the vitelline membrane since the 

disappearance of the accessory nuclei coincided with the formation 

of the membrane. 

Plath (1934) and Stephens (1948) both stated that bumblebee 

eggs hatch in three to four days. More detailed studies on certain 

species have shown that B. bimaculatus Cresson and B. impatiens 

Cresson have an incubation period of four to five days (Frison, 1928, 

1929). Hasselrot (1960) reported the incubation periods of Swedish 

Bombus species to be as follows: B. terrestris L. , B. pratorum L. , 

and B. soroensis Fabr. , two to four days; B. hypnorum L. and B. 

agrorum L. , three to four days; B. lucorum L. ,. B. jonellus Kirby, 

and B. kirbyellis Curtis, three days; B. ruderarius. Fabr. and B. 

lapponicus : L. , four days; B. lapidarius L. , two to five days. This 

variation of embryonic development period may be attributed_ to tem- 

perature differences at which the colonies were held, but, in the case 

of extreme variation such as in B. lapidarius, it may be that some of 

the embryos were already partially developed before their incubation 
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period was timed. 

No descriptive studies have been performed with Nomia embryos; 

in fact, only the duration of the incubation period has been investigated. 

Bohart and Cross (1955) found that each female usually prepared 

one pollen ball and laid one egg per day. The eggs were laid at ap- 

proximately the same time every day. Observations on nests of 

various ages showed that eggs first appeared three days after a new 

nest was formed and that larvae appeared in five days, indicating that 

the incubation period was two days (Bohart and Cross, 1955). Hack - 

well and Stephen (1966), using an observation chamber and examining 

the embryos twice daily, found that eclosion took a minimum of two 

and a quarter days. Incubation time could not be determined more 

closely because the actual hour of oviposition was unknown. That 

Hackwell and Stephen's experiment was conducted at a temperature 

of 24 ± 1°C under laboratory conditions, whereas Bohart and Cross's 

data (1955) were based on field observations (no temperature given) 

might explain the difference in incubation times reported in the two 

papers. 

The length of the incubation period of eggs of Megachile 

rotundata is unknown, although Medler and Koerber (1958) stated that 

in M. relativa Cresson, hatching occurred in two to three days. 

Osgood (1964) found that in M. rotundata, construction and provision- 

ing the cell, oviposition, and cell capping took about six and one -half 
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hours. The number of cells formed per day by a single female was 

not recorded but Stephen2 states that M. rotundata usually produced 

one cell per day. Stephen (1956) found cell construction time in M. 

frigida Smith and M. inermis Provancher was highly variable and 

believed they could complete two cells in one day. M. relativa con- 

structed an average of one cell per day (Medler and Koerber, 1958). 

Hobbs (1956) reported that females of M. perhita Cockerell built an 

average of one cell per day in good (not rainy) weather, and that each 

cell was completed in approximately six hours. 

2Stephen, W. P. 1967. Professor, Oregon State University, 
Department of Entomology. Personal communication. Corvallis, 
Oregon. 
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MATERIALS AND METHODS 

The diverse nesting habits of the three representative species 

necessitated the use of three different methods for collecting the 

embryos and determining their ages. 

Megachile rotundata eggs and first instar larvae were removed 

from cells constructed in paper soda straws at a nesting site near 

Boardman, Oregon. The straws were embedded in beeswax in cut- 

off one -half gallon milk cartons, which were made accessible to 

large nesting populations of Megachile rotundata (Osgood, 1964). 

After acceptance of a straw, a M. rotundata female constructs a 

series of cells, ultimately filling the straw. As each female pro- 

visions her own straw, and as one cell is constructed each day, 

adjacent cells of a straw contain eggs or larvae that are one day 

apart in development. After removal of a straw, the cells were ex- 

posed, eggs and larvae were removed from their individual cells and 

placed in Bouin's fixative in separate glass vials. Their sequence, 

and thus their age, was determined by their position in the straw. 

The eggs of M. rotundata in the field are exposed to extreme 

temperature fluctuation each day. Thermocouple measurements 

taken within the cells located two inches below the straw entrance 

ranged from a low of 21°C to a high of 51'C with a mean of 32°C 

(unpublished data). No attempts were made to control the temperature 
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since this study was concerned with the development of the embryos 

under natural conditions. 

Eggs and early instar larvae of Nomia melanderi are extremely 

difficult to rear in the laboratory because of their great susceptibility 

to fungus (Hackwell and Stephen, 1966). Therefore, instead of at- 

tempting to rear this species, eggs and first instar larvae were 

excavated from semi -domesticated colonies near Adrian and Milton - 

Freewater, Oregon. The eggs and larvae were taken directly from 

the soil, the temperature of which ranged from 25° to 28 °C, and 

immediately preserved in either Lavdowsky's Formalin- Acetic Acid- 

Alcohol (FAA) or Bouin's solution. After sectioning and staining, the 

sectioned embryos were separated into two different stages on the 

basis of their degree of development. The embryos and first instar 

larvae were readily distinguished by external characteristics. 

Specimens of Bombus griseocollis were taken from colonies 

raised in the Entomology Department of Oregon State University. 

Daily sketches or photographs were made of the comb, so that new 

cells, containing freshly laid eggs, were recorded within 24 hours 

after their formation. These embryos were permitted to develop at 

30° ± 2°C for from one to five days before being removed and fixed 

in Bouin's solution. 

The embryos and first instar larvae of all the species were 

fixed either in Bouin's solution or in Lavdowsky's FAA (Appendix A), 
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then transferred successively into 70 %, 95%, and 100% ethanol. 

They were embedded according to the n -butyl methacrylate method 

of Woodring and Cook (1962) as modified by Smith and Hynes (1966). 

Details of this method are found in Appendix B. Serial sections of 

the specimens were cut at 16 µ on a microtome (International Harris 

Cryostat - Model CTD); the sections were affixed to 26 x 76 mm 

slides using a mixture of ammonia and water glass (Appendix A). 

The slides with their affixed sections were allowed to dry for 

24 hours. The prepared slides were then processed in fluid filled 

Coplin jars according to the following procedure: 

1. 100% Xylene - 5 minutes to remove the polymerized 

methacrylate. 

2. 100% Xylene - 5 minutes to complete the removal. 

3. 50% Xylene - 50% ethanol (ETOH) - 5 minutes for 

transition. 

4. 95% ETOH - 3 five minute changes to begin hydration. 

5. 70% ETOH - 3 minutes for hydration. 

6. 50% ETOH - 3 minutes for hydration. 

7. 30% ETOH 3 minutes for hydration. 

8. Distilled H2O - 5 minutes for hydration. 

9. Acid Fuchsin - 2. 5 minutes to stain. 

10. Phosphomolybdic Acid - 5 minutes to destain. 

11. Phosphomolybdic Acid - l0 minutes to destain. 

- 
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12. Mallory's Triple Stain - 3 minutes to stain. 

13. Phosphomolybdic Acid 2 rinses to destain. 

14. 30% ETOH - 30 seconds to dehydrate. 

15. 50% ETOH - 30 seconds to dehydrate. 

16. 70% ETOH - 30 seconds to dehydrate. 

17. 95% ETOH - 2 minutes to dehydrate. 

18. 100% ETOH - 5 minutes to dehydrate. 

19. 100% ETOH - 5 minutes to dehydrate. 

20. 50% ETOH and 50% Xylene 5 minutes for transition. 

21. 100% Xylene 5 minutes for clearing. 

22. 100% Xylene - 5 minutes for clearing. 

The slides were removed from the xylene and 22 x 60 mm, 

No. 1 1/2 cover slips were applied using Permount as a mounting 

medium. The slides were then allowed to dry for at least 24 hours. 

Serial sections on the completed slides were then studied using a 

Zeiss compound microscope (Large Research Microscope, Standard 

WL). 

- 

- 

- 

.. 
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RESULTS 

Megachile rotundata (Fabricius) 

Only partially completed straws in which females of Megachile 

were actively working were chosen, thus insuring the presence of 

recently laid eggs. In those straws which contained from five to ten 

completed cells, the first instar larvae were always found in the fifth 

cell from the top. This meant that four embryological stages were 

recovered, which were probably one day apart in development. 

The results obtained for Megachile rotundata were based on 42 

sectioned specimens (day 1 - 5; day 2 - 13; day 3 - 10; day 4 - 8; 

day 5 - 6). The first day embryos had progressed beyond the cleav- 

age cell stage; nuclear migration had already occurred, the blasto- 

derm and dorsal strip were already formed. 

Digestive System 

In the one - day -old embryos, both the mouth (stomodael) and the 

anal (proctodael) openings were present, with the stomodael opening 

better developed than the proctodael. Two lateral invaginations at 

the anterior end of the proctodaeum represented the rudiments of the 

two Malpighian tubules (Figure 1). Also present at day one was the 

anterior midgut rudiment. The foregut and hindgut were both well 



Figure 1. Digestive system of M. rotundata, day 1. 

Figure 2. Digestive system of M. rotundata, day 2. 

Key 

FG - Foregut 

HG - Hindgut 

Mal - Malpighian tubules 
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developed by day two, but neither was connected to the midgut area 

(Figure 2). By day three, the foregut opened into the midgut area and 

the esophageal valves were present. The ventral wall of the midgut 

in the second and third day embryos was composed of simple cuboidal 

epithelium, but the dorsal surface was not lined. The Malpighian 

tubule rudiments were developed into tubules by day three (Figure 3). 

By day four, the anterior and posterior midgut rudiments had fused 

over the dorsal surface of the body to form the dorsal wall of the 

midgut, enclosing the gut. The midgut epithelium at day four was 

columnar rather than cuboidal (Figure 4). The midgut and hindgut 

were still not connected in the first instar larva, (Figure 5). Stephen 

(in litt.) found that defecation occurred in M. rotundata during the third 

instar larva, which indicates that the midgut and hindgut were con- 

nected at this time. 

Yolk material was present in all four embryonic stages. 

days one and two, it was composed of granules held in a reticulum. 

By day four, most of the granules had disappeared, presumably used 

as food for the embryo. Ingested pollen could be recognized in the 

midgut of the first larval instar. 

Head and Mouthparts 

In the first day embryos, divisions 

ments were visible on the dorsal surface 

representing three head seg- 

of the embryo, but the 

In 



Figure 3. Digestive system of M. rotundata, day 3. 

Figure 4. Digestive system of M. rotundata, day 4. 

Key 

HG - Hindgut 

Mal - Malphighian tubules 

MG - Midgut 

Mth Mouth 

Oe Esophagus 

OeV - Esophageal Valves. 
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Figure 5. Digestive system of M. rotundata, day 5. 

Figure 6. Tentorium of N. melanderi, day 2. 

Key 

HG - Hindgut 

MG - Midgut 

Oe - Esophagus 

OeV - Esophageal Valves 
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mouthparts were not differentiated. On the second day, the labrum 

was well developed, the mandibles were slightly developed, the 

maxillae and the labium- hypopharynx (Dobrovsky, 1951) were 

present, but scarcely separated from each other (Figure 7). All were 

well demarcated by day three (Figure 8). By the fourth day, all 

three gnathal appendages were well developed, migration of the 

mandibles to the sides of the head had occurred, and a duct could be 

seen leading to the surface of the labium (Figure 9). The tentorium, 

similar to the tentorium of N. melanderi, was visible by day four 

(Figure 6). No detectible morphological change in the mouthparts 

occurred between the fourth day and the first instar larva. (Figure 10). 

Central Nervous System 

Although neuroblasts were observed by day two, definite brain 

and ganglionic masses were not present until the third day. The 

protocerebrum was attached to the optic plate, a thickening in the 

lateral wall of the head, by the optic lobe. The lobes of the deuto- 

cerebrum were found on either side of the esophagus and contained 

the rudiments of the antennal lobes on their lateral surfaces. The 

tritocerebrum was also observed at this time, connected to the sub - 

oesophageal ganglion (similar to Nomia, Figure 11). By the third 

day, the brain sections were divided into a fibrous core and a cellular 

cortex. The ventral nerve cord ganglia were all well developed and 



Figure 7. 

Figure 8. 

Figure 9. 

Figure 10. 
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Figure 11. Central nervous system of Nomia melanderi, day 2. 

Figure 12. Stomodael nervous system of Nomia melanderi, day 2. 

Key 
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were connected to each other at stage three, but were not divided 

into the fibrous core and cellular cortex. However, the two divisions 

within each ganglion were apparent by the fourth day. The ventral 

nerve cord showed 12 ganglia in the first instar larva (Figure 13). 

Stomodael Nervous System 

The frontal nerve, running anterio -ventrally from the frontal 

ganglion toward the labrum, appeared by day four. At day four, the 

pharyngeal ganglion could be observed above the esophagus and the 

stomatogastric nerve was evident running posteriorly from the 

pharyngeal ganglion (similar to Nomia melanderi, Figure 12). The 

corpora allata were first seen at the third day as enlarged cells on 

the posterior inner margins of the maxillae. By the fourth day, they 

had migrated inward to their location on either side of the esophagus 

(Figure 11). 

Tracheal System 

The tracheal system, consisting of ten pairs of spiracles, each 

connected to a spiracular branch, was well developed by day one. 

Each spiracular branch divided into four tracheae: anterior, 

posterior, dorsal, and ventral. The anterior and posterior tracheae 

joined to similar tracheae from other spiracular branches on the 

same side of the embryo to form the longitudinal tracheal trunk. 



Figure 13. Ventral nerve cord of first instar larva of Megachile 
rotundata. 

Key 

SoeGng - Suboesophageal ganglion 
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The dorsal and ventral tracheae passed around the gut and fused with 

the dorsal and ventral tracheae from the opposite side of the embryo 

to form the dorsal and ventral tracheal commissures (Figure 14). 

The longitudinal tracheal trunk extended as a loop into both the an- 

terior and posterior ends of the body. Taenidia were faintly visible 

in the first stage embryos, and were very well developed in the 

fourth stage embryos and in the first instar larvae. 

Legs 

The thorax of the first instar larva was characterized by the 

three pairs of legs on the ventral surface, each containing rudi- 

mentary muscles (Figure 18). 

Nomia melanderi Cockerell 

Two distinct embryological stages presumably one day apart, 

were found in the excavated nests. A total of 20 specimens of Nomia 

melanderi were examined (day 1 - 7; day 2.- 9; day 3 4). 

In the one - day -old embryos, nuclear migration had occurred 

and the blastoderm was just beginning to proliferate along the ventral 

midline but had not yet started to proliferate laterad of the midline. 

- 



Figure 14. Tracheal system of Megachile rotundata. 

Key 
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Digestive System 

By the first stage, only the proctodaeum and stomodaeum were 

developed. A localization of mesoderm, present in the anterior end, 

po s s i b l y represented the anterior midgut rudiment. The proc- 

todaeum was not sufficiently developed at its anterior end to show the 

pronged invaginations indicative of the rudiments of the Malpighian 

tubules (Nelson, 1915). 

By the second day, the foregut was divided into the mouth, 

pharynx, and esophagus. The foregut opened into the midgut and the 

esophageal valves were developed. The midgut was lined with simple 

columnar epithelium. The anterior and posterior midgut rudiments 

covered the dorsal surface except near the posterior end. In day 

two, the hindgut was not connected to the midgut but the Malpighian 

tubules were seen to branch off the anterior end of the hindgut. The 

only detectable morphological change in the digestive system between 

the second stage embryo and the first instar larva was that the an- 

terior and posterior midgut rudiments had joined across the top of 

the midgut, enclosing the yolk. The hindgut and midgut were not con- 

nected until near the end of development in the last larval instar. 

Head and Mouthparts 

At day one neither the head nor the appendages were distinct 
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from the thorax. In day two, the labrum was well developed, the 

mandibles were seen projecting inward on either side of the mouth. 

The maxilla and labium were weakly demarcated, but the salivary 

duct was evident running through the labium, opening onto its ventral 

surface. A distinct tentorium was visible in day two (Figure 6). The 

maxilla and labium were distinctly separated in the first instar larva. 

Central Nervous System 

All ganglia developed between the first and the second days. 

By day two, each of the ganglia was divided into a fibrous core sur- 

rounded by the cellular cortex. The protocerebrum was large and, 

as in Megachile, the optic lobe was attached to a thickening of the 

body wall, the optic plate. Antennal nerves arose from the deuto- 

cerebrum, but the distinct lobe present in the Megachile was lacking. 

The fibrous core of the suboesophageal ganglion was distinctly lobed, 

although the cellular cortex was not, due to an incomplete fusion of 

three pairs of ganglia (the mandibular, the maxillary, and the labial) 

(Figure 15). Twelve ganglia were present in the ventral nerve cord 

in the first instar larva. 

Stomodael Nervous System 

No trace of this system was found at day one, but appeared by 

day two. The origin of the corpora allata was not observed but the 
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organs were seen in the head cavity by the second day. The frontal 

ganglion and nerve, pharyngeal ganglion, and stomatogastric nerves 

were present by the second day of embryonic development (Figure 12). 

No observable morphological change occurred in the stomodeal 

system between the two- day -old embryo and the first instar larva. 

Tracheal System 

The tracheal system of N. melanderi was not present in the 

first embryonic stage, but was well developed by the second day. No 

developmental differences were noted between this system in N. 

melanderi and in M. rotundata (Figure 14). 

Legs 

The thorax of the first instar larva was characterized by the 

three pairs of legs on the ventral surface, each containing muscles 

(Figure 17). 

Bombus griseocollis (DeGeer) 

Brood cells of B. griseocollis four days old and less contained 

eggs, whereas all five day old brood cells contained first instar 

larvae. Results obtained for B. griseocollis were based on 35 sec- 

tioned specimens (day 1 - 5; day 2 3; day 3 10; day 4 - 12; 

day 5 - 5). 

- - 



Figure 15. Ventral nerve cord of first instar larva of N. melanderi. 
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Nuclear migration had not occurred in any of the one -day -old 

embryos. The cytoplasm was found around the outside of the egg, 

but no cellular structure was evident. In the two- day -old embryos, 

nuclear migration had occurred, but the blastoderm, consisting of 

two cell layers, had only begun to proliferate. The dorsal strip had 

also formed by the second day. 

Digestive System 

The stomodael invagination had just begun by day three. It had 

no definite lining and had not broken through into the midgut area. 

By the third embryonic day, the lateral walls of the midgut were 

lined by a membrane only. At this time, the yolk comprised the 

majority of the embryonic mass. By day four, the esophagus had a 

distinct membranous lining and opened into the midgut, but no 

esophageal valves were present. The midgut on the fourth day still 

lacked a definitive cellular layer. The proctodaeum and the rudi- 

ments of the Malpighian tubules were observed to be present, for the 

first time, on the fourth day. 

In the first instar larvae, the esophageal valves were present, 

the midgut was closed dorsally and was lined with simple columnar 

epithelium, and the hindgut was developed but had not broken through 

to the midgut. The midgut and hindgut were not connected in the fifth 

instar larva, but were connected in the prepupa. 

.. 
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Yolk was abundant in all four embryonic stages studied and the 

yolk space did not decrease to any appreciable extent during develop- 

ment. In the third and fourth stages, there were large areas in the 

yolk from which the yolk granules had disappeared. 

Head and Mouthparts 

In the first two days, there were no structures present re- 

sembling gnathal appendage rudiments. In day three the labrum and 

mandible were represented by two small but distinct humps, whereas 

the maxilla and labium were represented by a single hump which was 

incompletely divided. By the fourth day, the mouthparts were well 

developed, although the mandibles had not migrated laterally. The 

only observable morphological change between the four -day -old 

embryo and the first instar larva was the appearance of the salivary 

duct opening on the labium in the latter stage. The tentorium, which 

first appeared in the first instar larva, was similar to that of 

Nomia (Figure 6). 

Central and Stomodael Nervous. Systems 

Although neuroblasts were present by day three, no condensa- 

tion of nerves into ganglia could be detected until the first instar 

larva. The structure and position of the organs in this species were 

similar to those found in Megachile (Figures 11 and 12). Twelve 
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ganglia were present in the ventral nerve cord of the first instar 

larva; the last ganglion had a lobed fibrous core, indicating fusion 

of several ganglia (Figure 16). 

Tracheal System 

The tracheal system did not appear until the third day. At 

this time the tracheal system was complete, but lacked the scleroti- 

zation of the spiracles and the presence of taenidia in the spiracular 

branches. The complete development of the tracheal system had 

occurred by the first instar larva. No morphological differences 

were noted in the tracheal system between this species and M. 

rotundata ,( Figure 14). 

Legs 

The legs in the first instar larva were very reduced, both in 

size and in amount of musculature (Figure 19). 



Figure 16. Ventral nerve cord of first instar larva of B. 
gríseocollis. 
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Figure 17. Head and thorax of first instar larva of N. melanderi. 

Figure 18. Head and thorax of first instar larva of M. rotundata. 

Figure 19. Head and thorax of first instar larva of B. griseocollis. 
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FIG 18 
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DISCUSSION AND CONCLUSIONS 

In the results, no mention was made of intrapopulation varia- 

tion among specimens at the same stage of development. This is due 

to several factors. First, embryonic structures selected for com- 

parison showed very little individual variation. Second, the various 

organs exhibited different degrees of proliferation. This was not 

measured as it was felt that the distortion due to fixing, embedding, 

sectioning, and staining made a quantitative measure impractical. 

Third, since the ages of individual embryos were known only to ± 12 

hours, age associated differences in the organogenesis could not be 

accounted for. 

Few internal morphological differences were observed among 

the first instar larvae of the three species studied. The same organs 

were present in all the species and, with the exception of the ventral 

nerve cord, they all exhibited approximately the same degree of 

development. Within the egg stages there was considerable differ- 

ence in the time of organ development among the three species 

(Table 1). Absolute comparisons among the three species were dif- 

ficult since the incubation periods of Megachile and Bombus were 

five days, and that of Nomia was two and one -half days. Tempera- 

ture has been found to influence the length of the incubation period 

only slightly. Since this paper was not concerned with a comparison 
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Table 1. Comparison of stagesa of organ formation in the embryos 
of Megachile rotundata, Nomia melanderi, and Bombus 
griseocollis, 

Structure Megachile Nomia Bombus 

Cleavage cells 

Nuclear migration 

1 

2 

Blastoderm 1 1 2 

Stomodaeum 1 1 3 

Proctodaeum 1 1 4 

Malpighian tubule rudiments 1 1-3 4 

Malpighian tubles 3 3 5° 

Foregut 2 3 4 

Hindgut 2 3 4 

Foregut opens into midgut 3 3 4 

Oesophageal valves 3 3 5* 
.,. 

Midgut enclosed 4 5 5° 

Columnar epithelium in midgut 5 5* 5''` 

First indication of mouthparts 2 3 3 

Developed mouthparts 3 3 4 

Labial gland duct 3 3 5' 

Definitive brain 3 3 5' 

Definitive ganglia 3 3 5 

Frontal nerve 4 3 5° 

Pharyngeal ganglion 4 3 5* 

Corpora allata 4 3 5° 

Tracheal system 1 3 3 

Taenidia 4 5' 5° 

12 ganglia 5'' 5' 5* 

Rudimentary legs 5 5° 

° First instar larva. 
aDue to the shorter incubation period of Nomia melanderi, the 

days were converted into stages. Day 1 of Nomia s equal to stage 1; 
day 2 of Nomia is equal to stage 3; the first instar larva is stage 5. 
For Megachile and Bombus, stage is equal to day. 

- 

5'C 

- 
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of the length of incubation periods, but in comparing the degree of 

development at different stages within the embryological period, it 

was not necessary to hold the temperature constant for the develop- 

mental period. It was felt that natural or near - natural conditions for 

development would best show phyletic relationships. 

In comparing Nomia and Megachile, the first day embryos of 

both had the same degree of development and the third day embryos 

of Megachile were as developed as the second day embryos of Nomia. 

In other words, most structures were present by the first day in 

both species; those structures present by day two and day three in 

Megachile were present by the second day in Nomia; those structures 

that developed between the third and fourth day and between the fourth 

day and the first instar larva in Megachile were present in the first 

instar larva of Nomia. 

There were three notable exceptions to the correlation of organ 

development in Nomia and Megachile.. The rudiments of the Malpig- 

hian tubules and the tracheal system appeared earlier in Megachile 

than in Nomia, and the stomodael nervous system was discernable at 

an earlier relative stage in Nomia than in Megachile (Table 1). Since 

the Malpighian tubules were well developed in both species at the 

same relative stage of development (day three in Megachile and day 

two in Nomia), the time difference in the appearance of the tubule 

rudiments was probably not too great. Since sample specimens were 
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taken only at 24 -hour intervals, the amount of delay in the formation 

of the tracheal system and the stomodael nervous system cannot be 

determined. 

Comparative developmental rates between Bombus and Mega- 

chile should have been readily obtainable, since their incubation 

periods were of the same duration. However, this was not the case 

( Table 1). Bombus eggs spent a much longer time in cleavage and in 

nuclear migration than Megachile. By the second day, blastoderm 

formation in Bombus had just begun, the structure was only two cell 

layers thick, and the stomodaeum had not yet formed. The tracheal 

system and stomodaeum, which were not present until day three in 

Bombus, were found in day one eggs of Megachile. The proctodaeum 

and Malpighian tubule rudiments appeared in the fourth day embryos 

of Bombus, but in the first day embryos of Megachile, exhibiting in 

this case a three day lag. The organs of the nervous system ap- 

peared between the fourth day and eclosion in Bombus, whereas in 

Megachile, the brain and ventral nerve cord were evident by day 

three and the stomodael nervous system by day four. The foregut 

and hindgut formed in the four -day -old Bombus embryos but both 

developed in the two - day -old Megachile. The first indication of 

mouthparts and the fully differentiated mouthparts both occurred one 

day later in Bombus than in Megachile. In Bombus, the foregut 

opened into the midgut on day four, prior to the appearance of the 

: 
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esophageal valves; in Megachile, both the opening of the foregut into 

the hindgut and the appearance of the esophageal valves occurred on 

day three. 

The delayed, then accelerated, development of Bombus embryos 

was thought to be induced by the temperature at which they were 

raised, 30°C. However, Fye and Medler (1954), working with other 

species of Bombus, found that nest temperature varied between 27e 

and 33° C under natural conditions without affecting the length of de- 

velopment. Therefore, it was assumed that the change in the rate of 

development of Bombus was an innate temperature- independent 

phenomenon. 

Three possible criteria on which phylogenetic relationships 

could be based were found in this study. They were: (1) the degree 

of fusion of the fibrous core in the nerve ganglia, (2) the degree of 

reduction of legs in the first instar larva, and (3) the timing of organ 

formation. 

The first criterion was that of consolidation of the ganglia of 

the ventral nerve cord and the consolidation of the fibrous cores 

within the suboesophageal ganglion. Within an order, the more con- 

solidated the nervous system, the more advanced the taxon is con- 

sidered to be (Nesbitt, 1941). By this criterion, the suboesophageal 

ganglion of Nomia, containing three distinct, unfused fibrous cores 

(Figure 15), is considered to represent a. more primitive condition 
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than the fused fibrous core of the suboesophageal ganglion found in 

Megachile and Bombus (Figures 13 and 16). Extending this tenet, 

the lobed fibrous core of the last abdominal ganglion of Bombus 

(Figure 16) suggests that Bombus may be phyletically intermediate 

between Nomia and Megachile. This conclusion is not consistent with 

other morphological and biological data. The degree of fusion of the 

last abdominal ganglion may be explained by the fact that Bombus be- 

longs to a subfamily of Apidae intermediate in specialization, where- 

as Megachile is a representative of a highly specialized subfamily of 

Megachilidae (Michener, 1944). 

The second criterion used was the degree of reduction of the 

legs (Figures 17 -19). Legs are absent in the mature larvae of the 

three species studied. Therefore, the tendency for the reduction in 

size and complexity of these structures in earlier embryonic stages 

should reflect an advanced form. The legs of the first instar larvae 

were compared, because it was at that stage that most other organs 

exhibited comparable degrees of development. Using this criterion, 

Nomia can be considered to be the most primitive (Figure 17), Mega - 

chile intermediate (Figure 18), and Bombus, the most advanced 

(Figure 19). This conclusion would apply when based on the length 

of the legs or on the extent of musculature present in them. 

The third criterion was that of the timing of organ formation in 

the embryos. The relative stages of organ development in Nomia 
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and Megachile were similar, although in Megachile, the incubation 

period was approximately twice as long as in Nomia. The eggs of 

of Bombus had the same length incubation period as Megachile, but 

exhibited much longer preblastoderm and blastoderm stages and a 

shorter organogenesis than Megachile. On the basis of the relative 

timing of organ formation, Nomia and Megachile are quite similar 

whereas Bombus is highly divergent and not closely associated with 

the other two. 

Based upon these three criteria, the most plausible explanation 

of the phyletic relationship of the three species is: 

1. on the basis of incomplete fusion of the suboesophageal 

ganglion and the least reduced legs in the first instar larva, Nomia 

would be considered to be the most primitive of the three. 

2. on the basis of the similarities in organ development of 

Megachile rotundata and Nomia melanderi, they would be assumed to 

be more closely related to each other than to Bombus. However, the 

fusion of the fibrous core of the suboesophageal ganglion and the more 

reduced legs in the first instar larva in Megachile would indicate that 

it is more advanced than Nomia. 

3. on the basis of the greatly reduced leg rudiments and the 

delayed, then accelerated, development during its embryonic stages, 

Bombus griseocollis would be assumed to be the most advanced form 

of the three species. 
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Therefore, it seems that the phyletic relationships derived from 

a study of embryos agrees with that based on adult characters rather 

than on larval characters (Michener, 1944, 1953). 

However, the embryological information on the bees which could 

be used to determine phyletic relationships is meager. The data col- 

lected on the three species here studied and the apparent similarity 

among the species would suggest that such studies might best be used 

to confirm existing views on relationships rather than as a basis for 

the development of a new system. It seems then, that with such 

meager information found pertaining to phyletic relationships at the 

family level, that a comparative study of embryology at the subgeneric 

level would be unproductive in terms of establishing phyletic relation- 

ships. 
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SUMMARY 

Organogenesis was studied in Nomia melanderi Cockerell, 

Megachile rotundata(Fabricius), and Bombus griseocollis (DeGeer). 

It was found that the tracheal system was the first system completed 

(day one in Megachile, day two in Nomia, and day three in Bombus). 

The stomodaeum and proctodaeum were formed about the same time 

as the tracheal system (earlier in Nomia) but the digestive system was not 

completed until just prior to eclosion, at which time the anterior and 

posterior midgut rudiments joined dorsally to enclose the midgut. 

The foregut opened into the midgut during the development of the egg, 

but the hindgut did not open into the midgut until some time after- 

wards. The central and stomodael nervous systems developed rela- 

tively late in the embryos, especially in Bombus, in which no distinct 

ganglia were observed until the first instar larva. 

Organ formation in the three bee species was similar in all 

cases. By the first instar larvae, all three species had undergone 

approximately the same degree of development with the exception of 

the degree of fusion of the central nervous system. 

Differences in the developmental sequence of the embryonic 

organs were found that could possibly be used to infer the phylo- 

genetic relationships at the family level. Using these criteria, it 

was considered that Nomia was the most primitive, Megachile was 
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an intermediate group, and Bombus was the most advanced. 

Studies of comparative embryogenesis and organogenesis were 

found to be useful in determining phyletic relations at the family level. 

Since only three criteria were found that could be used in the phyletic 

determinations within the families of bees, it is improbable that the 

study of comparative organogenesis for the purpose of determining the 

phyletic relationships at the subgeneric level would be profitable. 
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APPENDIX A 

SOLUTIONS USED IN PREPARATION OF 
MATERIAL FOR STUDY 

Fixatives 

58 

Bouins's Solution (Galigher and Kozloff, 1964) 

Picric Acid (Sat'd in distilled water) 75 ml 

Formalin 25 ml 

Glacial Acetic Acid 5 ml 

Lavdowsky's FAA (Galigher and Kozloff, 1964) 

Formalin 10 ml 

Ethanol 30 ml 

Distilled water 60 ml 

Glacial Acetic Acid 2 ml 

Affixative (Woodring and Cook, 1962) 

Conc. NH4OH 10 ml 

Water Glass 10 ml 

Distilled water 50 ml 

Dilute 1 :33 with distilled water before using 

Stains 

Acid Fuchsin (Galigher and Kozloff, 1964) 

Acid. Fuchsin 

Distilled Water 

0. 2 g 

100 ml 



Mallory's Triple (Weesner, 1960) 

Aniline Blue ws 

Orange G 

Oxalic Acid 

Distilled Water 
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0. 5 g 

2. 0 g 

2. 0 g 

95. 5 ml 

Destainer 

Phosphomolybdic Acid (Weesner, 1960) 

Phosphomolybdic Acid 2. 0 g 

Distilled Water 98. 0 ml 
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APPENDIX B 

Approximately 75 ml of butyl methacrylate monomer (J. T. 

Baker Chemical Company) was placed in a 250 ml separatory funnel. 

The methacrylate was washed in a saturated solution of NaOH diluted 

1:1 with distilled water. This washing continued until the NaOH 

being discarded was colorless. (about five or six washings). The 

methacrylate was then washed six or seven times in distilled water. 

A Buchner funnel was lined with a layer of filter paper, a 

layer of pulverized CaSO4, and then another layer of filter paper. 

The sides of this filter were sealed with more CaSO4. The washed 

methacrylate was filtered through the Buchner funnel under pressure 

and stored in the refrigerator in a 100 ml bottle to which CaSO4 had 

been added to absorb any water present (Woodring and Cook, 1962). 

Eggs and first instar larvae were allowed to soak in methacrylate 

for a specific time depending on their size (Smith and Hynes, 1966). 

To prepare the embedding medium, 9. 6 ml of washed n -butyl 

methacrylate, O. 2 g of shaved paraffin, and 0. 2 g of benzoyl peroxide 

was mixed, with the aid of a magimix, in a glass vial until the paraf- 

fin dissolved, and the mixture was stored in a freezer until used 

(Woodring and Cook, 1962). By holding the vial under hot water, 

the mixture could be melted when needed. Size 0 gelatin capsules 

were filled with this mixture to a depth of five mm and placed in an 
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an oven at 60 °C until hardened (two to three hours). The specimens 

were removed from the infiltrating fluid and placed in the capsules 

on the hardened plastic, then were covered with the mixture of n -butyl 

methacrylate and capped. The capsules were placed upright in an 

aluminum capsule holder in the oven for 12 hours at 60 °C (Smith and 

Hynes, 1966). 

After 12 hours, the capsules were removed from the oven and 

held under water until the gelatin dissolved. The embedded speci- 

mens were then trimmed and re- embedded in molten paraffin. The 

paraffin was mounted on a plug and cut on a microtome. In each 

section, the paraffin was removed from around the plastic and dis- 

carded; the plastic sections were affixed to the slides. 


