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"Blinding" of shoots and a leaf gall in Amsinckia intermedia 
induced by Anguina amsinckia (Steiner and Scott, 1934) 

(Nemata, Tylenchidae), with a note onthe 
absence of a rachis in A. amsinckia 

C. Nagamine 1, 2 and A. R. Maggenti ~ 

Abstracl: "Blinding" and a leaf gall induced on Amsinckia intermedia Fisch. and Mey. by 
Anguina amsinckia (Steiner and Scott) are described. A. anlsinckia induced blinding by galling 
the terminal apical meristem of its host. The leaf gall was formed by a ventral curling of the 
distal edge of the leaf. The absence of a rachis in the ovary of A. amsinckia is noted. Key Words: 
Anguina morphology. 

Anguina arnsinckia (Steiner and Scott, 
1934) parasitizes the common fiddleneck 
Amsinckia intermedia Fisch. and Mey., an 
annual weed of the central valley of Cali- 
fornia capable of inducing pathological 
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disorders in livestock if ingested in sufficient 
quantit ies (2). Since A. amsinckia is a po- 
tential biological control agent of d. inter- 
media, knowledge of its biology and ecology 
is of economic as well as scientific impor- 
tal lce.  

MA TERIA LS  AND M E T H O D S  

A populat ion of A. intermedia illustrat- 
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ing the nematosis was discovered in April  
1979 along Eggert Road,  about  6.4 km south 
of Davis, California. As in other cases of 
parasitized A. intermedia (3,5), the nema- 
tosis was very localized, affecting plants in 
an area only about  20 m long. At the t ime of 
the discovery, the majori ty  of the plants 
were still in bloom, and the galls, some as 
large as 20 m m  in diameter,  had not yet 
begun to dry. Galled plants were collected 
and brought  back to the laboratory for 
examinat ion.  Galls and specimens of A. 
amsinchia were fixed in 10% buffered neu- 
tral formalin,  dehydrated in an ethanol 
series, and then infiltrated and embedded in 
glycol methacrylate (4). T r i m m e d  moun ted  
blocks were sectioned at 2 ttm on an ultra- 
microtome, stained with Lee's methylene 
blue-basic fuchsin (1), and examined under  
the light microscope. 

R E S U L T S  

Gall ing of Amsinckia by A. amsinckia 
is usually l imited to tile fruit. In this collec- 
tion, however, the terminal apical meristems 
were attacked and t ransformed into elon- 
gated galls covered with numerous fine hairs 
(Fig. l-A). Small undeveloped leaves were 
present at times. Lateral  branching is not 
uncommon in Amsinckia, and this "blind- 
ing" did not necessarily prevent  seed pro- 
duction (Fig. l-C). 

A gall was discovered on the distal tip 
of a leaf obta ined f rom a plant  that  pos- 
sessed fruit  galls (Fig. I-D). T h e  gall was 
about  4 x 2 m m  and, like other galls, was 
covered with numerous  fine hairs that  gave 
it a silvery appearance. T h e  gall was formed 
by a curling of the edge of the leaf ventrally, 
such that in cross-section (Fig. l-B) a curl 
of about  one and one-third revolutions was 
seen. 

Fruit  and leaf galls were similar in the 
hyper t rophy and hyperplasia of the epi- 
dermal  and mesophyll  layers and of the 
vascular bundles (Fig. 1-E,G). A layer of 
dead, empty  cells usually lined the inner 
cavity of the gall. T h e  wall of the gall, in 
cross-section, could be divided into two 
halves. T h e  exterior  half, while exhibi t ing 
hyper t rophy and hyperplasia,  did not usu- 
ally reveal any apparen t  change in intra- 
cellular organization, i.e., the tissues stained 
similarly to normal  tissues. In contrast, 
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tissues of the interior  half  of the gall wall 
possessed cells with p rominen t  nuclei and 
cytoplasm, centrally located, that generally 
stained darkly (Fig. l-H). 

Histological sections of A. amsinckia 
from galls were examined for a rachis in tile 
gonad. None  were found in cross-sections of 
the ovary (Fig. l-F). Careful examinat ion  of 
sections suggestive of the rachis of A. tritici 
as drawn by T h o r n e  (6) revealed the 
"rachis" to be a ma tur ing  oocyte surrounded 
by what appears to be oviductal cells (Fig. 
l-F). 

DISCUSSION 

Prior to this investigation, it was be- 
lieved that  A. amsinckia attacked and 
formed galls only in the fruits of its host 
(3). Godfrey (3) found lao evidence of nemas 
in leaves, bracts, or stem tissues, and nei ther  
he nor Steiner and Scott (5) repor ted galls 
of tissues other than those of fruits. 

Godfrey (3) showed that  A. amsinckia 
induced fruit  galls by migrat ing between 
the sepals and petals of the flower bud, 
s t imulat ing growth of the surrounding floral 
organs so that  gall tissues arch over the feed- 
ing nemas, forming a cavity. Galls in the 
terminal  apical meris tem and leaf tissue are 
probably  induced in a similar way. T h e  fact 
that  galling was induced in terminal  apical 
meristematic tissue and a leaf by A. 
amsinckia demonstrates that  floral tissues 
are not  essential. Actively growing tissues 
are probably  essential. T h e  more common 
occurrence of galls in fruit  and terminal  
apical meristems may result f rom the in- 
fective nematodes '  sensitivity to desiccation. 
T h e  relative humidi ty  is probably  higher 
between the leaves of a bud  than on the 
exposed surface of a leaf. Possibly leaf galls 
are formed only under  very moist  condi- 
tions. 

Sections failed to substantiate Thorne ' s  
(6) belief that  a rachis exists in the ovary of 
A. amsinckia. Cross-sections of oocytes in 
the oviduct of A. amsinckia are very similar 
to the "rachis" of A. tritici, which we be- 
lieve is really an oocyte surrounded by 
oviductal epithelium. T h e  developing 
oocytes in the distal end of the ovary are not  
in single file; there may be six or more  in a 
cross-section. The re  is, however, no evidence 
that  they are arranged about  a central core 
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Fig. I. A) "Blind" plant of Amsinckia intermedia (line length = 15 ram). B) Cross-section of the leaf 
gall showing roiling of the leaf (line length = 100 #m). C) "Blind" plant that has developed lateral shoots 
and flowers (line length = 50 mm). D) Leaf gall as seen on leaf tip (line length = 10 ram). E) Cross-section 
of leaf gall showing dead broken cells, interiorly, dark-staining cells, centrally, and exterior cells similar in 
staining to normal cells (line length = 100 #m). F) Cross-section of A. am,~inckiae female body and oviduct 
showing oocytes arranged randomly with no rachis. (Inset) germinal region of ovary showing oocyte sur- 
rounded by cells of oviduct (line length = 30 #m). (;) Longitudinal section of fruit gall showing the same 
layers as in Fig. 1-E (line length = 100 #m). H) Dark-staining cells with central nuclei adjacent to feeding 
area. Note cell on right with amoeboid nucleus (line length = 100 #m). 
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(=rachis) .  T h e  presence of a rachis is well 
established in ascarids, oxyurids, strongylids, 
and spirurids. Th is  histological study on d .  
amsinckia indicates that  the so-called 
"rachis" is a morphological  misinterpreta- 
tion and should not be used as a taxonomic 
character. 
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Comparative Calorie Values of Nematodes 1 
Nell  A. Croll 2 and Kamala  de Soyza 

Abstract: Calorie values for a wide biological selection of nematodes, determined wi th  a 
microbomb calorimeter, ranged from 3.86 to 6.85 Kcal/g. The  mean of 5.095 Kcal from 16 species 
was lower than means recorded in three previous studies of other  invertebrate groups. T h e  
nematode values were skewed to the lowest limit. Larvae of Ditylenchus dipsaci showed lower 
calorie values after slorage, and the calorie values of separate tissues of Ascaris lumbricoides were 
highest for eggs and the intestine and lowest for cuticle and body-wall musculature.  No clear 
calorie distinction exists between nematodes with a parasitic or free-living habit  or between large 
and small nematodes. Key Words: Energetics, calorimetry, comparative energetics, parasitism. 

In  the last few decades parasit ism has 
been examined with methods other than the 
classical morphological  and life-cycle ap- 
proaches. Wi th  each, there has been a 
further  narrowing of tile gulf between the 
"bizarre" parasite and the more "normal"  
free-living forms. Thus,  metabolism, ultra- 
structure, behaviour  and popula t ion  studies 
have established much  common ground be- 
tween parasitic and free-living organisms 
and have demonstra ted the subtlety of their 
adaptat ion,  not their eccentricity (3). 

I t  is often claimed that  nematodes oc- 
cupy more  biotypes than any other inverte- 
brate group and yet show a relative con- 
stancy of form and life stages. One untested 
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method of compar ing  them is to measure 
their calorie values. Th is  method,  ra ther  
than measuring a single parameter ,  i.e., a 
glycolytic enzyme or the grams of trigly- 
ceride per unit  weight, is a holistic ap- 
proach. I t  sums the relative energy invest- 
ment  of an organism in all its tissues, 
including food reserves at the m o m e n t  of 
its capture. Such a measure is a profile of 
many  interact ing selective forces. So few 
studies have been per formed on tile ener- 
getics of helminths  that  we do not know 
whether  the parasitic role has caused any 
fundamental  change f rom that  of free-living 
forms in the disposition of energy. It  may 
be argued that  the relative abundance  of 
food, the homeostasis provided by many  
hosts, and the apparent  increased fecundity 
claimed [or parasites caused some deviation 
f rom free-living organisms. 

Slobodkin and Richman  (9) measured 
the calorie value of a wide range of in- 
vertebrates (and a small fish). They  ob- 
tained values ranging from 4.397 to 6.962 
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