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Except for some practically most important groups of Insects very few
literary data are found concerning the pH of the gastric juice of animals
of 1 cm or lower order of magnitude. Particularly few are the literary data on
Crustaceans of small size. The pH of the gastric juice of Daphnia magna and
that of the various parts of the digestive tract were examined by K rager
(1925), von benn (1930) and Hasiter (1935) but rather differing results have
been obtained. R ankin (1929) found in Simocephalus vetulus at the beginning
of the alimentary canal 6.8, at its end 8.0 pH. Bona (1934) investigating
Calanus finmarckicus could establish only slightly alkaline pH without a defi-
nite value. Nichorrs (1931) using the method of wiggtesworen Obtained for
the pH of the alimentary canal of Ligia oceanica the following results: foregut
6.3; hepatopancreas 6.0; intestine 6.5; rectum 6. 2. From the literary data of
recent years the works of be Giusti et al. (1962) and Agrawar (1963) are
worth mentioning. Both authors examine the pH conditions of the juices of
the alimentary canal of Amphipoda with various methods and different results.

In a previous Work (Ponyi and P. Zankai 1966) the pH-optimum of the
proteolytic enzymes of the digestive system of some domestic Crustaceans
(Antaeus leptodactylus, Asellus aquations, Gammarus roeseli, Dicerogammarus
haematobaphes balatonicus, Limnomysis benedeni) was examined. In the
present examinations the pH conditions of the juices in the alimentary canal
of these animals were studied also under natural conditions and compared with
our data obtained up to now. The importance of the examinations of similar
character is stressed by K rishna and saxena (1963) who investigating the
pH conditions of Tribolium castaneum found that the pH of the intestinal
content agrees with the pH optimum of the various enzymes contained.

Material and method
I. Animals examined and places of collection:
Limnomysis benedeni czern, Dicerogammarus haematobaphes balatonicus

Ponyi and Dicerogammarus villosus bispinosus mart, were collected from
various sites of the Balaton, Gammarus (Rivulogammarus roeseli var. triacanthus
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ScHAFERNA and Asellus aquaticus L.) from the Asz6f6 creek. For comparison
and to reproduce the literary data also the species Astacus leptodactylus
EscH. was examined.

I1. The pH conditions of the gastric juices are generally examined with
the following methods :

1. Feeding method (DAY and POWNING (1949), SINHA (1959), SRIVASTAVA
(1960), DE Grustt and co-workers (1962), KrRISHNA and SAXENA (1963).

2. pH determination with indicator paper SiNnmA (1959), Rastoer and
Darra Gupra (1962), AGRAWAL (1963).

3. So-called dilution method Rastocr and Datra Gupra (1962).

In our experiments we endeavoured to determine the pH of the gastric
juice of the animals as far as possible without lesion of the alimentary canal,
under natural conditions, therefore we used in the first place the feeding method
supplemented with two control methods (modified WicGLESWORTH method
and determination with BECKMAN’S pH meter).

1. The feeding method was employed as follows: animals starved for
5—24—48 hours were placed in a solution containing proper feed and indicator
or only indicator respectively, then the change of colour in the intestinal canal
after lifting out the digestive tract (Amphipoda, Asellus) or without (Limno-
mysis) obwserved after 5—24—48—72 hours under the binocular microscope
at a white light. In each experimental series 25—30 animals were used up,
as far as possible of larger body, distributed in groups of 5. In the various
groups 2—3 animals gave evaluable results on the average.

After a number of preliminary experiments we succeeded in finding for
Amphipoda such readily consumed feed which well binds the indicator and
does not release it even in water. This stuff is agar from which we measured out
1 g in dry condition, soaked for 24 hours in distilled water and adding 10 mg
indicator powder boiled down in 5 cem of distilled water. After cooling down
this was supplied as food cut into small cubes. We tried also casein (HAMMAR-
STEIN) which, however, was not willingly consumed by the animals. With yeast
recommended by Dt Giustr (1962) we could not obtain good results either,
because the cells of the yeast used by us did not bind the indicator at all and on
the other hand they have their own colour which makes reading off of the
values difficult, beside this was not readily consumed by the animals either.

As an indicator the 0.1 per cent aqueous solution of the indicators of the
sulphonphtalein series was used because in these the pH deviation caused by
salt and proteins is relatively low and they are not toxic (DAY and PowNING,
1949). The series consisting of bromphenol blue (pK = 3.8), chlorphenol red
(pK = 6.0), bromcresol red (pK = 6.12), bromthymol blue (pK = 7.1), ne-
utral red (pK = 7.4), phenol red (pK = 7.8), cresol red (pK = 6.25) reaching
from the 4.8 to 8.8 pH domain was completed in given cases with methyl red
(pK = 5.0).

For Asellus and Limnomysis no such stuff was found which were readily
consumed by these so from some indicators and water of the Lake Balaton a
0.1 per cent solution was made and the animals were kept in this solution.

2. To control this method we used the methodics of WIGGLESWORTH
(1927) with some modification. We adopted the use of the slide with paraffin
80 that we made such small holes in the still tepid paraffin in which about 0.002
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ml of the solution found place. Then we brought together from a pH series of
M/15 KH,PO,-Na,HPO, buffer and the corresponding indicator 0.001 ml in
these little holes and subsequently covered the whole with a slide. These were
the comparative solutions of known pH. In another hole instead of the buffer
of known pH the material to be examined was placed. Determination of pH
was supplied by the agreement of colour shades. This method was only used
in Amphipoda. The juice to be examined which originated in most cases from
the stomach and the end of the medium intestine was sucked out by a micro-
buretta. As the neutral red indicator does not dissolve readily in water, here
we dispensed with its use. The great many data obtained from the use of this
method were statistically evaluated.

3. pH conditions of the hepatopancreas of Amphipoda and Asellus and
in many cases also those of the gastric juice are difficult to determine as the
colour of the indicators which may enter into consideration is yellow-red or
yellowish-blue which shades may be covered by the colour of the juices.
Therefore we attempted to dilute these juices and to determine their pH
with BECKMAN’S pH-meter. Since here small quantities of liquids have to
be measured it was necessary to control these. For this purpose from the above
described phosphate buffer of known pH 0.3—0.5 ml were dropped on a slide
then drawn away in a narrow stripe and the pH repeatedly determined. Subse-
quently the hepatopancreas or sucked out gastric juice of 15—27 animals was
collected on a cooled slide, then 2 x distilled water on glass added and similarly
prepared for the measurement as described above. When more than 0.5 ml
distilled water was added the gastric juices were often no more able to buffer
the solution. In some cases when a comparatively greater amount of juice
was available we measured the pH without adding distilled water. The differ-
ence between the two types of measurement was not greater than the deviation
of the pH values between the groups.

Before measurement the small tubes of the Amphipoda and Asellus
hepatopancreas were dissected out and cut off before the entry of the intestine.
After placing on the slide we cut them through once more to facilitate the
flow out of the juices. The gastric juice was sucked out according to the method
described in point 2.

At every measurement the pH of the juice from 202530 animals
was determined.

Of Astacus the pH of the hepatopancreas and gastric juice of 5 animals
was measured, the result obtained is the mean value of these measurements.

Results

1. Limnomysis benedent

The animal is quite transparent and although the juice of the hepato-
pancreas tubes is coloured, the colour is very pale and therefore the pH can
be readily determined. On account of the anatomical conditions (5 pairs of
hepatopancreas) and small size of the animal only the feeding method could
be employed here. The medium intestine can be sometimes broken up in two
parts on the basis of the pH conditions. These limits, however, are not constant
and not definite (Fig. 1).
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Table 1.

The pH conditions of the gastric juices of Limnomysis benedens

Number of fnt i
measure- Indicator Stomach Hepatopancreas mﬁi‘;’}fésgfm E“din‘;iﬂﬁe‘“m
ments '
13 Chlorphenol red ....... 11c > 6.0 5¢> 6.0 > 6.0 > 6.0
2c¢c~ 6.0 8¢~ 6.0
16 Bromeceresol red ........ =60 10ec ~ 6.1 G > 6.1
6ec < 6.1
9 Bromthymol blue ..... < 7.1 sl syl il
11 Neutral red ccvuosisss <74 <174 T7¢c>T74 > 74
4c~T74
15 Phenol Fod, - wsemms <17.8 <17.8 =78 6c> 178
9c~ 7.8
14 Croaol yed oosssvasuss <= 8.2 < 8.2 < 8.2 6c~ 8.2
8c < 8.2
¢ = number of cases
1. tdbldazat

Limnomystis benedent emészténedveinek pH-viszonyai

gﬁ;ﬁk Indikator Gyomor Hepatopancreas | Kozépbél eleje | Kozépbél vége

13 klérfenol vorés . ....... 11e > 6.0 5e > 6,0 > 6,0 > 6,0
2e~ 6,0 8e~ 6,0

16 Brémkresol vords ... .. > 6,1 10e ~ 6,1 > 6,1 (i}
6e <6,1

9 Brémtimolkék ........ < ) < T,1 =1 L |

11 Neutrdl voros ...oooee. <174 el L Te>174 > 7,4

4e~T4

15 Fenol VOres . s« sivesies <18 <.7;8 <178 6e > 178

9e~ 17,8

14 Kresol vOrés «.coveveees < 8,2 < 8,2 < 8,2 66~ 8,2

8e < 8,2

e = esetek szédma.

As it appears from the T'able 1 the pH of the gastric juice is >6.0 or 6.1
and <7.1; in the case of the hepatopancreas the pH falls for the most part
between 6.0—6.1. Although from these measurements no precise values can
be read off, it may be established that the pH of the hepatopancreas falls
between 6.0—6.2 since the transition points of 2 indicators are just near these
values.

2. In Amphipoda, as it appears from Fig. 2, the 4 hepatopancreas tubes
and the stomach as well as the anterior dorsal coecum and the posterior dorsal
coeca are anatomical units readily separating from the intestine. The medium
intestine extending from the stomach to the entry of the posterior coeca is
anatomically uniform, but can be divided on the basis of pH values established
with feeding experiments into 2 or 3 parts.

The pH conditions of part 1 perfectly agree with the pH of the hepato-
pancreas (therefore not indicated on the T'ables), the pH conditions of the short-
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er or longer part of sector 2 lasting about to the end of the posterior dorsal
coeca and often readily recognizable, in other cases disappearing are under the
influence of the hepatopancreas juice present even there sometimes neutral

Fig. 1. Schematic drawing of the alimentary tract of Limnomysis benedeni Czern.
A = stomach, B = hepatopancreas, C = beginning of medium intestine, D = end of
medium intestine. The pH at the site C is frequently lower than at D.

1. dbra: Limnomysis benedeni Czern. emésztétraktusanak vazlatos rajza.
A = gyomor, B = hepatopancreas, C = k&zépbél eleje, D = kozépbdl vége, A pH C
helyen gyakran alacsonyabb, mint D -n

sometimes more alkaline, in conformity with the pH conditions prevailing
in the last third of the intestine. In the last third of the intestine the pH
is always alkaline (Tables 2. and 3.).

Fig. 2. Schematic drawing of the alimentary canal of Amphipoda

A = stomach, B = anterior dorsal coeca, C = hepatopancreas, D = beginning of
medium intestine, E = median, from the viewpoint of pH transitory part of medium
intestine, F = end of medium intestine, posterior dorsal coeca

2. &bra: Amphipoda emészt6écsatorna vazlatos rajza.
= gyomor, B = elllsé dorsalis coeca, C = hepatopancreas, D — kozépbél eleje, E =
kozépbél kozépsé, pH szempontbo6l atmeneti része, F = kozépbél vége, hatulséd
dorsalis coeca

A

Between Dicerogammarus villosus bispinosus and Dicerogammarus hae-
matobaphes balatonicus no essential difference exists either as regards the mode
of nutrition or the quality of the feed consumed or in the pH values obtained;
so on the Table the two species were drawn together.

Gammarus roeseli were continuously examined over the whole year but
no seasonal differences found.

On the basis of the results from the feeding experiments we established
that there is no essential difference between the pH conditions of the gastric
juices of the 3 Amphipoda species. The results in Tables 2. and 3. were con-
trolled with w igglesworth’s method (Table 4)
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Table 2.

The pH conditions of the gastric juices of Dicerogammarus villosus bispinosus and Dicero-
gammarus haematobaphes balatonicus

r of . s
ng?agﬁre? Indicator Stomach Hepatopancreas M;ih lf}:frs;" Msegi_ l:htfrs;
ments
17 Chlorphenol red ...... 13¢c > 6.0 5¢c> 6.0 > 6.0 > 6.0
4c <6.0 5¢c~ 6.0
Te'< 6.0
29 Bromeresol red ........ 18¢ > 6.1
3cn~ 6.1 10c ~ 6.1 > 6.1 > 6.1
8c < 6.1 19¢ < 6.1
26 Bromthymol blue ..... le~1.1
26c < 7.1 < TN pe"S 8 | Sy 1 |
17 Neutral red ........c... <74 <74 4c> 74
6c~ 174 > 7.4
Te<T74
21 Phenol red ueeeesduns =278 <78 <78 12¢> 178
6c~ 178
3e <78
14 Cretol ‘red: i ssevsaanwes < 8.2 < 8.2 < 8.2 10c < 8.2
4cn~ 82
¢ = number of cases
Med. intest. = medium intestine
2. tdblazat

Dicerogammarus villosus bispinosus és Dicerogammarus haematobaphes balatonicus emésztd-
nedveinek pH-viszonyai

kioe S || Emmed 4l e
17 Klérfenol vorés ....... 13e> 6,0 5> 6,0
4e <6,0 5e~ 6,0 > 6,0 > 6,0
7e <6,0
29 Brémkresolvoros .. ... .. 18e > 6,1
3en~ 6,1 10e ~ 6,1 ce | > 6,1
8e < 6,1 19e < 6,1
26 Brémtimolkék ......... le~17,1
26e < ,1 o 1,1 - 0 | =0
17 Neutrdlvoros .......... <74 <74 4e>74
6e> 17,4 >4
Te<T4
21 Fenolvords . ..oovvevnns < 1.8 el g} <18 12e> 17,8
6e~178
3e <178
14 KresolvVOros: «oc vateros s < 8.2 < 8,2 < 8,2 10e < 8,2
' 4en~82

!

Accordingly, the pH of the gastric juice of Dicerogammarus villosus bi-
spinosus varies between 5.88—-6.37; that of Dicerogammarus haematobaphes
balatonicus between 5.82—6.37 and of Gammarus roeseli between the limits of
5.97 and 6.63, while the pH of the intestinal juice in the last third of the
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Table 3

The pH conditions of the gastric juices of Gammarus roeseli

ani?agslt"e?f Indicator Stomach Hepatopancreas '\g??d t'ﬂ,tsat N:l,j% t'ﬂltfjt
ments
30 Chlorphenol red .......... 19c¢> 6.0 190> 6.0 > 6.0 > 6.0
6c~ 6.0 11c¢c < 6.0
50< 6.0
25 Bromcresol red.............. 19c > 6.1 10c> 6.1
4c ~ 6.1 4c” 61 > 6.1 > 6.1
2c< 6.1 1l1c< 61
37 Bromthymol blue ........ 2c~ 71 <71 > 71 > 71
Bc<71
36 Neutral red.......cccovvvnene. <74 <74 19c> 74
9c¢ 74 > 74
8c <74
54 Phenol red .................... <78 <78 18c 7.8 15¢> 7.8
36c< 78 9c~ 7.8
30c < 7.8
43 Cresol red .....cccocevevnnee. < 82 < 82 8.2 25¢c~ 8.2
18¢c < 8.2
3 tablazat

Gammarus roeseli emészténedveinek pH-viszonyai

'\Qfgﬁﬁgk Indikator Gyomor Hepatopancreas ZK%Z:P,ESL ;?f:,?nggld
30 Klorfenolvoros .............. 19e> 6,0 19e> 6,0
6e~ 60 11e < 6,0 > 6,0 > 6,0
5e< 6,0
25 Brémkresolvoros .......... 19e> 6,1 10e> 6,1
4e~ 61 4e~ 61 > 6,1 > 6,1
2e < 61 1l1le< 6,1
37 Bromtimolkék................ 2e 71 <7,1 > 71 > 71
BHe<71
36 Neutréal voros........... <74 < 74 19e> 7,4
9e~ 74 > 74
8e< 74
54 Fenolvoros......eenee.. <78 <78 18e~ 7,8 15e> 7,8
3be< 78 9e 7.8
30e <78
43 Kresolvoros......ccoceeenn. < 8.2 < 8.2 < 8.2 25e~ 82
18e < 8,2

medium intestine fell in the case of villosm between 7.72—38.06 in haematobaphes
between 7.59—8.07 and in roeseli between 7.61—7.99.

The pH of the hepatopancreas or gastric juice respectively of 322 Amphi-
poda was measured with Beckman’s pH-meter. The pH of the hepatopancreas
juice of Gammarus roeseli was 6.16 on the average; in the case of Dicerogam-
marus villosus bispinosus it was 6.12 while in Dicerogammarus haematobaphes
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Table 4.

Determination of the pH of the digestive systems of Amphipoda by wiggieswobth’s method

Animal

Dicerogammarus

villosus bispinosus

Dicerogammarus
haematobaphes
balatonicus

Gammarus roeseli

Juice

Stomach

Mec’i’ium intestine
3rd third

Stomach

Med’ium intestine
3rd third

Stomach

Medium intestine
3rd third

Indicator

Chlorphenol red
Bromcresol red
Bromthymol blue

Phenol red
Cresol red

Chlorphenol red
Bromcresol red
Bromthymol blue

Phenol red
Cresol red
Chlorphenol red
Bromcresol red
Bromthymol blue

Phenol red
Cresol red

4m tablazat

Measure-
ments

51
60
44

32
27

40
24
13

37
14
20
17
55

17
39

6.18
6.18

7.89
7.95

6.19
6.0
6.1

7.83
7.80
6.17
6.19
6.32

7.80
7.79

8 *

0.18
0.19
0.21

0.17
0.11

0.18
0.18
0.16

0.24
0.18
0.20
0.21
0.31

0.19
0.12

Az Amphipodak emésztérendszerei pH-janak meghatarozasa Wigglesworth-mddszerrel

Allat neve

Dicerogammarus

villosus bispinosus

Dicerogammarus
haematobaphes
balatonicus

Gammarus roeseli

Nedv

gyomor

kozépbél 3. harmad
kozépbél 3. harmad

gyomor

kozépbél 3. harmad
kozépbél 3. harmad
gyomor

kozépbél 3. harmad
kozépbél 3. harmad

Indikator

klorfenolvoros
brémkresolvoros
bromtimolkék
fenolvoros
kresolvords

klérfenolvoros
brémkresolvoros
brémtimolkék
fenolvoros
kresolvoros
klérfenolvorss
brémkresolvoros
bromtimolkék
fenolvéros
kresolvoros

Mérések

51
60
44

27

6,19

6,1

7,83
7,80
6,17
6,19
6,32
7,80
7,72

8+

0,18
0,19
0,21
0,17
0,11

0,18
0,18
0,16
0,24
0,18
0,20
0,21
0,31
0,19
0,12
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halatonicus 6.10. The gastric juice gave for all three species higher values i. e.
in the above order of species 6.37:, 6.31 and 6.25.
3 The digestive canal of Asellus (Fig. 3) was divided in feeding experi-

ments on the basis of the pH ofthe juices found in them into 2 parts (Table 5).
To the first part belong the hepatopancreas tubes while the second part is
determined by the pH of the juices in the gastric and intestinal tract. The 4
hepatopancreas tubes under the influence of various indicators (mainly chlor-
phenol red and bromcresol red) often stained in two ways: the secretion at the
end of the tubes proved to be more acid than in the vicinity of the entry.

Fig. 3. Schematic drawing of the alimentary canal of Asellus aquaticus
A = stomach, B = medium intestine, C = hepatopancreas

3. abra: Asellus aquaticus emésztécsatorna vazlatos rajza.
A = gyomor, B = kodzépbél, C = hepatopancreas

Table 5.

The pH conditions of the digestive juices of Asellus aquaticus

Number of
measure- Indicator Hepatopancreas Stomach + intestine
ments
15 Chlorphenol red ~ 6.0 > 6.0
9 Bromcresol red 3c~6.1
6Cc <61 > en
n Bromthymol blue <71 3c> 71
8e~ 71
12 Neutral red < 74 < 74
12 Phenol red < 7.8 <78
10 Cresol red < 8.2 < 8.2
5. tablazat

Asellus a uqaticus emésztdnedveinek pH-viszonyai

Meérések Indikator Hepatopancreas Gyomor + bél
Szama

15 Klérfenolvoros . . ~ 6,0 > 6,0
9 Bromkresolvoros . 3e~6,I

6e < 6,1 > 6,1

u Bromtimolkék ... <71 3e> 71

8e~ 71

12 Neutralvoros .... <74 < 74

12 Fenolvérés ... <78 <78

10 Kresolvoros......... < 8.2 < 8.2

15 Tihanyi Evkényv
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The pH values of the hepatopancreas of Asellus aquaticus, after having
been prepared according to the methodics described were measured also with
BECKMAN’S pH meter. In the case of 96 animals a mean value of 6.08 was
found.

Of the indicators enumerated in the methodical part we did not use
bromphenol blue and methyl red because we found in the course of preliminary
experiments that their pK falls outside the area of the pH of the digestive
juices of the animals examined.

In no species did we determine the pH of the rectum because this is
covered by chitin cuticle and, except for Asellus, it never showed staining.

Discussion

The Crustaceans examined can be ranged taxonomically in 4 groups
(ordo): Mysidacea (Limnomysis b) Amphipoda ( Dicerogammarus and Gamma-
rus r.), Isopoda (Asellus a.) and Decapoda (Astacus 1.). Our results were
compared with the data of other authors in the case of 3 ordines (Amphipoda,
Isopoda, Decapoda) as in the available literature data were found only for
the representatives of these 3 orders.

Our data obtained for the pH conditions of the digestive juices of the
species belonging to Amphipoda can be well compared with the works of
AGrAWAL (1963) and DE GrustI and co-workers (1962), although these authors
obtained their results with the use of one method (indicator paper or feeding
method). Comparison of these results is presented in 7'able 6.

From the Table it appears that our results are nearer to the values
found by AerawaL and rather differ from the data of De Grustr and co-
workers. This is particularly remarkable in the case of the stomach and of
the hepatopancreas where regarding the extreme values the deviation is almost
2.0 pH whereas in the 3. third of the medium intestine we obtained values
similar to the results of D Grusrr.

Table 6.
Comparison of the pH conditions in the digestive tract of the species belonging to the ordo
Amphipoda
. Felliog® - End of medium
Name of species Author Stomach Hepatopancreas | Medium intestine! intestine?
Corophium volutator AGRAWAL 6.7 6.2 6.6 -
Hyalella azteca De GiusTI 4.1—4.7 3.8—4.7 6.8—17.2 7.2-17.9
Gammarus limnaeus De Grusti 4.1—-6.3 3.8—4.8 6.4—7.2 7.2—-17.9
Dic. wvill. bispinosus P. ZANkAr 5.9—6.4 5.8—6.1 7.1-74 7.7—8.1
Dic. haem. balatonicus | P. ZANKAT 5.8—6.4 5.8—6.1 7.1-7.4 7.6—8.1
Gammarus roeseli P. ZANKAI 6.0—-6.6 5.8—6.2 7.1-7.8 7.6—8.0

1 Medium intestine: results measured in the 2nd third of the medium intestine were
ranged here.

2 End of medium intestine: data of pH conditions found in the 3rd third of the medium
investine were presented here.
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6. tdbldzat

Az Amphipoda csoporthoz tartozé fajok emésztétraktusa pH viszonyainak Osszehasonlitésa

Faj neve Szerz6 Gyomor Hepatopancreas Kozépbél* Kozépbél vége?
Corophium volutator AGRAWAL 6,7 6,2 6,6 —
Hyalella azteca De Grustr 4,1 —4,7 3,8—4,7 6,8—17,2 7,2—17,9
Gammarus limnaeus De Grustr 4,1 —-6,3 3,8—4,8 6,4—7,2 7,2—17,9
Dic. vill. btspinosus P ZANKAI 5,9—6,4 5,8—6,1 7,1-7,4 7,7—8,1
Dic. haem. balatonicus P. ZANKAI 5,8—6,4 5,8—6,1 7,1-7,4 7,6 —8,1
Gammarus roeseli P. ZANKAI 6,0—6,6 5,8—6,2 7,1-17,8 7,6—8.,0

Ko6zépbél! = a kozépbél 2. harmadédban mért eredményeket soroltuk ide.
Kozépbél vége* = a kozépbél 3. harmaddban talalt pH viszonyok adatait tiintettiik itt fel.

These deviations can not be motivated with the difference in the nutrients
used in the feeding experiments alone (the above mentioned authors used yeast,
rice starch, gelatin etc. as feed). On the basis of a number of authors (SRrvas-
TAVA, Rasroar and DaTra Gupra, WATERHOUSE) and of our own experiments
we may state with certainty that the pH of the feed is in no connection with
the pH of the digestive tract. It may be assumed that the differences are
brought about by specific and geographic dissimilarities, by the different envi-
ronmental conditions and by the conditions of other types of nutrition together.
Both Gammarus limnaeus and Hyalella azteca are characteristic Amphipoda
of the American continent, on the nutritional conditions of which PENNAK
(1953, p. 436) states: Like the decapods, the scuds are omnivorous, general
scavangers. As a contrast, the Amphipoda examined by us are in the first place
herbivorous (Dicerogammarus) and only to a small part carnivorous (Gam-
MATUS T.).

Between Asellus aquaticus and the littoral Ligia oceanica pertaining also
to this group — inspite of the difference in the methods used for the deter-
mination of pH — there is much similarity. The pH of the hepatopancreas is
6.0. in Ligia, 6.1 in Asellus and in the pH of the intestinal juice there are no
such great differences (Asellus~1. 1, Ligia 6.5) as could be expected.

We found the pH of the gastric juice of Astacus leptodactylus to be 5.2
while VoNk (1935) refers to a value of '5.0. ’

Results obtained from the examination of the pH conditions of the
digestive tract of the 6 species point out that between the pH of the gastric
juice of Astacus, Amphipoda and Asellus there are great differences whereas
the pH conditions of the hepatopancreas of the 6 species examined almost
agree (6.1 — 6.3). The last third of the medium intestine (Amphipoda) or
second part respectively (Limnomysis) closely agree while in Asellus almost
neutral pH was measured from stomach to rectum.

It has been established that between beginning and medial part of the
medium intestine of Limnomysis and Amphipoda and its end substantial differ-
ences prevailed from the point of view of pH while at the same time in Asellus
the whole medium intestine exhibited a uniform value.

The phenomenon that the intestinal tract of the species referred to above
could be devided or drawn together (Asellus) beside the anatomically separated
foregut and medium intestine into further parts, can be explained by the

15%
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expansion of the juices impouring into the intestine. The pH of the whole
intestinal tract ought to be determined by the juice of the unique gland
producing digestive enzyme, the hepatopancreas of about 6 pH. In the devel-
opment of the somewhat higher pH of the gastric juice — in our opinion —
the anterior dorsal coecum may be involved which occurs in all Crustaceans
examined and the physiological role and significance of which is not elucidated
so far. In the course of our experiments we found that the nutrient particles
get into the anterior dorsal coecum the pH of which is nearly neutral. The
beginning or first third of the medium intestine in Amphipoda agrees with
the pH of the hepatopancreas; subsequently the medium intestine readily
tracebly gets alkalized to about 8 pH. This alkalinization is brought about by
the posterior dorsal coeca. These are indicated as a secretory organ (KAESTNER
1959) which introduces its secretion into the intestine at the limit of medium
intestine and rectum.

According to our examinations the pH conditions of the digestive canals
are between certain rather constant limits. They are not essentially influenced
by the various seasons, the condition of the animal (starving, repletion). As
it was shown, between the orders of Crustaceans there are first of all important
differences in the pH of the gastric juice. 1t is very interesting that the greatest
differences can be found exactly between the animals most distant from the
aspect of phylogenetic relationship e. g. between Astacus and Asellus ~ 2.0
pH, between Amphipoda and Astacus ~ 1. 0. pH. In the first case the degree
of relationship is more distant than in the latter.

In our earlier work (Poxvyr and P. ZANkAT 1966) the pH — optimum of
the endopeptidase in the hepatopancreas digestive juice of the animals enumer-
ated in the Introduction was examined (substrate: denaturated hemoglobin).
It has been established that in Astacus the optimum is at 5.2 pH which
perfectly coincides with the value obtained at the determination of the pH
of the gastric juice. In Amphipoda we obtained as pH optimum 6.6—7.1.
which essentially does not greatly differ from the natural pH conditions.
This is particularly valid in the case of Gammarus roeseli where the upper limit
of the pH of the gastric juice is 6.6. The pH optimum of the hepatopancreas
juice of Asellus is marked by the values 5.5—6.0 while the natural pH of the
hepatopancreas juice is 6. 1. In the case of Limnomysis no similar agreement
could be demonstrated. These results seem to verify the assumption of KrisaNa
and SAXENA (1963) inasmuch as the later examinations corroborate the presence
of several enzymes in the digestive juice and the pH optimum of the signle
enzymes coincides with the pH optimum of the enzyme-mixtures constituting
the gastric juice.

Summary

The pH conditions of the juices in the alimentary canal of 6 Crustaceans
(Limnomysis benedeni, Dicerogammarus haematobaphes balatonicus, Dicerogam-
marus villosus bispinosus, Qammarus roeselt, Asellus aquaticus, Astacus lepto-
dactylus were examined with the aid of 3 methods.

In the case of Limnomysis the pH of the stomach > 6.0 or 6.1 respective-
ly and <<7.1, of the hepatopancreas 6.0 — 6.1 The beginning and the end
of the medium intestine can often be separated on the basis of the pH differ-
ences. The intestinal juice indicates values of 7.4—7.8 pH.
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In Amphipoda the anatomically unitary medium intestine can be divided
according to the pH conditions of its juice in 3 parts: the pH of part 1 coincides
with the pH of the hepatopancreas. Section 2 lasts about to the end of the
posterior dorsal coeca, it is often readily recognizable, in other cases indistinct,
its pH is sometimes acid (hepatopancreatic effect) in other cases neutral (upon
the action of the juice of the posterior dorsal coeca). In the last third of the
intestine the pH is always alkaline. The pH conditions of the digestive juices
of Dicerogammarus are as follows: stomach 5.8 — 6.4, hepatopancreas 5.8 —
6.1, medium intestine 2nd third 7.1—7.4, medium intestine 3rd third 7.6 —8.1.
In the case of Gammarus roeseli: stomach 6.0—6.6, hepatopancreas 5.8—6.2,
medium intestine 2nd third 7.1—7.8, 3rd third 7.6—8.0.

In the case of Asellus agquaticus the anatomically readily separating
stomach and medium intestine on the basis of the pH of their juices must be
drawn together, so the pH of the hepatopancreas is 6.1, that of the stomach
and medium intestine nearly neutral.

It has been further established that seasons and starving do not essentlallv
influence the pH of the digestive juices.

Author establishes a parallel between the pH optimum obtained with
biochemical methods of the gastric juice of some species and the natural
pH conditions.
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NEHANY RAKFAJ EMESZTOCSATORNAJANAK pH-VISZONYAIROL
P.-Zankai Néra
Osszefoglalas

A szerz8;6 rakfaj (Limnomysis benedeni, Dicerogammarus haematobaphes balatonicus
Dicerogammarus villosus bispinosus, Gammarus roeseli, Asellus aquaticus, Astacus lepto-
dactylus) emészt6csatornajaban levé nedvek pH viszonyait vizsgalta 3 moédszer segit-
ségével.

A Limnomysis esetében a gyomor pH-ja > 6,0 ill. 6,1 és < 7,1, a hepatopancreas
6,0—6,1. A kozépbél eleje és vége gyakran szétvalaszthaté a pH kulonbsegek alapjan.
A bélnedv 7,4—7,8 pH értékeket mutat.

Az Amphipodalcnal az anatomiailag egységes kozépbél a benne levé nedv pH
viszonyai alapjan 3 részre oszthaté: 1 rész pH-ja megeayezik a hepatOﬁ. pH-javal.
A 2. szakasz kb. a hatulso dorsalis coeca-k végeig tart, gyakran jol felismerhetd, maskor
elmosodik, pH-ja némelykor savas (hepatop. hatas), maskor semleges (hatulsé dorsalis
coeca-k nedvének hatasara). A bél utols6 harmadaban a pH mindig lagos. A Dicerogam-
marusok emészténedveinek pH viszonyai a kdvetkez6képpen alakulnak: gyomor 5,8—6,4,
hepatop. 5,8—6,1, kozépbél 2. harmad 7,1—7,4, kdzépbél 3. harmad 7,6—8,1. AGammarus
roeseli esetében: gyomor 6,0—6,6, hepatop. 58—6,2, kdzépbél 2. harmad 7,1—7,8, 3.
harmad 7,6—38,0.

Az Asellus aquat. esetében az anatomiailag jol elkilénilé gyomrot és kézepDelet
nedveik pH-ja alapjan &ssze kell vonni, igy a hepatop. pH-ja 6,1, a gyomor -)- kézépbél
kozel semleges.

Megallapitast nyert tovabba, hogy az évszakok, az éhezés nem befolyasolja
jelent8sen az emészténedvek pH-jat.

A szerz§ parhuzamba allitja egyes fajok emésztdnedvének biokemiai modszerek-
kel kapott pH optimumat és a termeszetes pH viszonyokat.

OB YCJ/IOBUAX pH B TMUNWEBAPUTE/IbBHOM TPAKTE HEKOTOPbLIX BWAOB
PAYKOB

Hopa P.-3aHkau

M3yyanm pH Tpema meTogjamn B MULLEBApUTENILHOM TpakTe 6 BUAOB paykoB (blT-
nosys benedeni, Dicerogammarus haematobaphes balatonicus, Dicerogammarus vielosus
bispinosus, Gammarus, roeseli, Asellus aquaticus.

Y Lymnomysis pHxenyaka 6,0 nm 6,1 u 7,1, renatonaHkpeac 6,0—6,1. o pasnuunio
pH 4acTo MOXHO BbILENUTL B KULLKe MEPefHIo U 3afHI0 YacTh. pH KuLeyHoro coka 7,4—
7,8.
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Y ammnog, CpesHIo KULLIKY, HECMOTPSl Ha ee aHaTOMWUYECKYK) OAHOPOAHOCTb, MOXHO
pas3fenunTb Ha Tpu YacTu: pH nepBoli yacTy cooTBeTCTBYET pH renatonaHkpeaca; pH cpefHeit
YacTU KUC/bIA WX HEMTPasibHbINA, a 3adHeli Bcerga OCHOBHOW. pH nuLieBapuTe/ibHbIX COKOB
Dicerogammarus: >enyfok 5,8—6,4, renatonaHkpeac 5,8—6,1, 2-aq9 4acTb CpefHel KULLKU
7,1—7,4, 3-bA 4acTb cpegHeli kuwkn 7,6—8,1. Y Gammarus roeseli: >enygok 6,0—6,6,
;eenzréngaHerac 5,8—6,2, 2-a9 uacTb cpefHell KuWKK 7,1—7,8, 3-b uyacb CpefHel KULLKU

_ Y Asellus aquaticus pH renatonaHkpeaca 6,1, a >enygKa 1 CPeOHe KULLKU MouyTy
HeNTpasieH, XOTH aHaTOMUYECKM XeNy[OK U CPefHAs KULLKAa MPeACTaBNsT XOPOLUO pasnu-
YiMble OTAENbl.

Ce30Hbl U rofiofiaHne He BAMAIOT Ha pH nueBapuTebHBIX COKOB.

OnpegeneHHbIA BUMOXUMUYECKU ONTUMYM pH Ans nWLeBapuUTebHBIX COKOB COMOCTa-
BMS/IN C €CTeCTBEHHbIM PH COOTBETCTBYIOLUMX OTAE/OB.
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