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Introduction 

The passive spread of a high percentage of freshwater organisms i s one 

of the most important requirements in short- l ived and insular communities 

for species to a t t a i n and survive - and consequently to balance the lack 

of a topographical continui ty of most inland waters. Unfortunately hardly 

anything i s known about the amounts of seed material typical for any lake 

into which i t i s car r ied , although they must obviously be grea t , so great 

in fact t ha t in many cases cont inental , indeed global "gene pools" of many 

species are guaranteed, which e a r l i e r often led to the be l ie f tha t with 

inland water form's i t was generally a case, for the most pa r t , of cosmopolitan 

ones. I t should be stressed here that large lakes pa r t i cu l a r ly tend to have 

a surpris ing constancy in t h e i r range of species and evidently act as f i l t e r s 

for species on the mass of seed material which en t e r s , so that only forms 

pecul iar to lakes are assimilated. Conversely, there i s a very unsett led 

s ta te with regard to forms in r e s t r i c t e d waters which are subject to 

f luctuat ing physiographic condit ions. 

The causes of passive dissemination - wind, water and animals as well 

as man - are confirmed by many examples, although there are often more isolated 

observations to hand than s t a t i s t i c a l l y valuable f ac t s . Until now there are 

ind i rec t proofs for the three first-mentioned fac tors , such as the colonisation 

of numerous newly-formed inland waters or the established fac ts of 

cosmopolitan forms in temporary waters, eg. Artemia sa l ina . I t has been 

assumed now for a t l e a s t a hundered years tha t , among animals, b i rds play a 

prominent r o l e , although also disappointingly few facts are at hand. Hence 

these data are l a rge ly confirmed to the descr ipt ion of long-term stages 

clinging to dead or captive species of b i rds (ephippia: HUMBERT, DE GUERNE: 

cited in STEUER 1910, s t a tob las t s of Plumatella, cysts of infusoria , nematode 

eggs, r o t a r i a eggs: ci ted THIEHEMANN 1950), the spawn of sna i l s and f i sh , 

and f ina l ly to l i v ing animals, such as mussels, ostracods or amphipods 

(NIETHAMMER 1953, SEGERSRALE 1954). Doubtless t h i s form of t ransport by 
. 

b i rds has a high, and perhaps for many species an exclusive s ignif icance, 
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which cannot be assessed at the present time. Thus there are, compared with 

dryness, sensitive stages which are very probably threatened by a high drop-

out. The passage through the gut must prove favourable for these, and also 

for other stages, as not improbably it can promote and accelerate germination, 

as has been shown for Potamogeton seeds (LOHAMMAR 1954 and other examples). 

While a whole range of data is at hand for plant spores (algae, and also 

vegetative cells, Chara: PROCTOR 1959, 1962) and seeds, extant data for 

animals are few. Many experiments on warmth resistance (amongst others 

MATHIAS 1929a, LOFFLER 1958) and some on acid and pepsin resistance (LOFFLER 

1958) indicate the possibility for many long-term stages of a passage through 

the gut, although up to now only ostracod eggs and protozoa have been 

cultivated from the excrement of seagulls, while MATHIAS (1937) discusses 

a passage through the gut at great length, but never observed it with birds, 

ostensibly because the long-term eggs (Triops, Chirocephalus) which he used 

were difficult to retrieve in the excrement (MATHIAS 1929). On the other 

hand, this author has established the passage of Chirocephalus diaphanus 

through frogs, taking place over a period of one and a half days and without 

any damage. Also the passage through fish had already been observed earlier, 

for which STEUER (1910) and TOLLINGER (1911) introduced examples. Thus only 

KNAUTHE (cit. TOLLINGER 1911) observed the capacity to live of the undigested 

eggs of Bosmina and Daphnia. In any case these facts already testify towards 

a damage-free intestinal passage for Anostraca, Cladocera and also, to a 

limited extent, for Ostracoda. Certainly the passage through birds' intestines 

has up to now been supported only by the old data of STEUER (1910). Since 

the greatest significance should be due to it for the spread of inland water 

. organisms, experiments seemed to be indicated above all on the duration also 

of such passages through the gut. It is then very probable that for forms 

whose stages in spreading are able to pass through birds' intestines intact 

or even with benefit to the seed, possess significant selectional advantages 

(LOFFLER 1963). 

Method. 

An approximately two-year-old drake was imprisoned for the duration of 

the experiment in a suf f ic ien t ly large (100 x 70 x 80 cm) p l a s t i c container, 
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which was easy to wash out and had an outlet. Long-terms stages, such as eggs of 

Daphnia magna, Triops cancriformis, Artemia salina, Diaptomus spinosus and 

Cypris pubera were introduced by means of gelatine capsules into the oesophagus, 

through which either before or during the experiment food, or food and 

water, were withheld or were both offered. Only artificial food ("Tragger" 

food) was used for this. The excrement could be washed through the above 

mentioned outlet of the container into a larger reception vessle, whose 

contents could then be sorted with the help of a plankton filter ( a plastic 

cylinder with a plankton net). After cleaning with a fine jet of water, 

the residue was inspected under a binocular (ie. microscope) for eggs and 

resting stages, and these were transferred into corresponding cultures. 

Results. 

It should be first of all emphasised that the eggs of Triops and Artemia, 

as far as they passed undamaged through the digestive tract, also hatched 

and produced normal animals, which were held up to egg-laying, In the same 

way Daphnia ephippia succeeded partly in reaching the open with the excrement 

in good condition. This was to be expected after the pepsin/hydrochloric 

acid experiments on Daphnia ephippia (24 hrs. in 10% pepsin solution in 1n 

HCl at 40°C) (LOFFLER 1958). An acceleration of the time for hatching 

as opposed to normally treated eggs and resting stages could not be established 

for the present (about 40 hours for Triops in cultures at 20°C, about 48 

hours for Artemia). The percentage of the resting stages and paucity of eggs 

excreted by the drake (and retrieved) is largely independent of the amount of 

time spent in the digestive tract, and is on the contrary linked to the size of 

the resting stages and eggs. Thus at times only 1% of the Daphnia magna ephippia 

were expelled intact, and 25% were retrieved from the excrement only by way 

of exception, while the remainder reached the outiside in more or less large 

fragments. Of the small Cypris eggs, 25% were found in the faeces, and the 

values for Triops, Diaptomus and Artemia lay at an average of 10%. Doubtless 

the high mechanical strain through the gizzard is responsible for the loss of 

the remaining resting stages and eggs, in which the peristaltic action and 

"grit" (mixture of small stones) possesses an exceptionally destructive power. 

Just in order to investigate the effect of maximum mechanical stress through 

the digestive tract, for these experiments a duck was picked out, whose gizzard 

can produce a pressure of up to 180 mm Hg. (KOLB 1962). In the case of other, 

more carnivorous duck species, as for example the shovelers there can be taken 

into account a greater rate of passage for resting stages and eggs through the 

gizzard. The conditions with definite fish-eaters (Sager sawbills , cormorants) 
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which have very thin-walled gizzards must be s t i l l more favourable. 

Experiments with g r i t - f r ee ducks were not carried out, since in the f i r s t 

place the g r i t (up to 10 g. for domestic ducks) i s retained for an extraord-

i n a r i l y long time, up to one year (data for domestic hens: MANGOLD 1929, 

KOLB 1962) and secondly, preference had to be given to natural f ac to r s . 

In order to learn the mechanism of the gizzard b e t t e r , 70 red pieces 

of rubber (about 2-5 mm ) were guven as food in a g e l a t i n capsule, 

and during the experiment food and water were offered freely. The complete 

amount of rubber pieces was retrieved in the faeces, ground down to the 

f ines t mate r ia l , and no piece succeeded in reaching the open with the above 

dimensions. Within the f i r s t 24 hours about 60 fragments were el iminated, 

but within a fur ther 24 hours the mass (a long way above 1000) of the f ines t 

rubber p a r t i c l e s could be determined. There then followed an abrupt decrease, 

u n t i l f i na l ly another 48 hours l a t e r the l a s t p a r t i c l e s were observed in the 

excrement. The experiment shows that obviously pieces of rubber of t h i s 

size are retained as g r i t , and that only f iner material i s carried fur ther 

in the gut. HEUDE (1962) espec ia l ly observed such a f i l t e r action and sor t ing 

function of the stomach, and. i t i s quite l ike ly tha t Daphnia ephippia had 

previously been affected by them. 

Of c r i t i c a l significance for every form of passive spreading by b i rds 

i s the duration of the possible t ranspor t , which in the case of a passage 

through the gut i s largely determined by the process of digest ion. The length 

of time for the process of digestion and especia l ly for the passage of 

undigested material depends, in individuals of the same species, on age and 

sex (FERRANDO and others 1961, HEUDE 1962, MANGOLD 1929), physical condition 

of the animal (hunger, t h i r s t , vitamin deficiency, e t c . ) and above a l l on 

the composition of the food (especia l ly with plant and grain e a t e r s ) . I t i s 

known tha t b i rds have a very rapid process, so t ha t be r r i e s can be expelled 

within 12 minutes by Sylvia a t r i c a p l l a . This period of time, however, 

amounts to 4 h rs . with geese (MARSHALL 1960), a time of one and half hours 

i s found for ducks (MATHIAS 1937), and the minimum times for domestic kens 

are similar (HEUDE 1962, HILLERMAN and others 1953, KAUPP and IVY 1923). 

The amount of time necessary for the t o t a l emptying of the digest ive t r a c t 

from a meal i s ce r t a in ly much longer. A whole day and more have been given 

for hens and geese (MARSHALL 1960). Liquids on the other hand can pass 

through in a few minutes (KOLB 1962). Table 1 gives the minimum and maximum 

times for the passage of the r e s t ing stages and eggs under inves t iga t ion , 
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From these values a quite similar duration emerges for minimum and 

maximum times with any food and water offered, which on the deprivation of 

food (from 3-5 hours before the start of the experiment) and deprivation of 

water (from 3 hours before the start of the experiment) can be significantly 

increased. Finally in one case several eggs of Artemia salina in good condition 

were still found in an excretum after 21 hrs. 30 min. Their later expulsion 

will be further discussed below. 

The total duration of the passage through the digestive tract is composed 

of quite different, protracted stays in the separate sections of the system. 

In geese the food moistened with saliva slides towards the stomach at about 

1.5 cm/s, where it halts in the rudimentary crop, which is no more than a 

spindle-shaped extension in amongst other geese and ducks. [Delays there] 

are scarcely to be expected, but on the contrary are to be anticipated in 

the proventriculus, which also functions as a retainer in geese and ducks 

(MANGOLD 1929). Observations where living Paludina were to be found in the 

crops of ducks which had been shot (THIENEMANN 1950) should previously 

have shown that food would be thrown up from stomach organs during the 

death throes. However, only maximum stays of 24 hours have been measured for 

species of birds with a genuine crop only in exceptional cases (according to 

the state of the stomach, a short stay or even none has also been observed in 

the crop, as shown by X-rays). There is no information available on the length 

of accumulation in the glandular stomach of ducks, and. so a short-term stay 

should be assumed. Quite different time values for the passage of food are 

known for the gizzard according to the composition of the food and physical 

condition of the animal, values which in the case of the domestic hen (a laying 

* Wot in original - added to make sense (ed). 
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hen, a f te r 18 hours fast ing) amount from 0«5 to several minutes, while 

the complete evacuation demands 2 hrs . 30 min. (HEUDE 1962). In many b i r d s , 

especia l ly those which take food r ich in water, thus including ducks, there 

e x i s t s an supplementary pylorus stomach, which in case of divers regular ly 

contains feathers and possibly functions as an addit ional f i l t e r (MARSHALL 

1960). In the small i n t e s t i n e , with i t s three sections of duodenum, jejunum 

and ileum and a to t a l length in ducks of an average 195 cm, the contents are 

moved forward by p e r i s t a l s i s a t several cm/s and f ina l ly , af ter a short stay 

in the r e c t a l sect ion, are expelled. 

The paired caeca leading off a t the join of the small and large i n t e s t i nes 

in many bi rds are in the i r h is to logica l construction quite similar to the 

small i n t e s t i n e , but have - espec ia l ly in geese and ducks - more lymphatic 

t i ssue (MARSHALL 1960) and in case of the l a t t e r , measure 15-20 cm. (MANGOLD 

1929), and according to some observations up to 22 cm. In geese they are 

longer, and ostensibly present in Fulica in threes (MANGOLD 1929). Their 

possible functions, namely water absorption, ass imi la t ion of non-protein 

ni t rogen, digest ion of carbohydrates and pro te ins , microbial breakdown of 

cel lulose and f i na l l y microbial synthesis as well as vitamin synthesis and 

resorpt ion have only p a r t l y , not de f in i t e ly , been proven (KOLB, 1962, 

MARSHALL. 1960). S t i l l l e ss c lear at present are the mechanical processes which 

lead to the f i l l i n g and emptying of the caeca, which are superfluous to the 

bird and quite unnecessary. The p e r i s t a l t i c propel l ing motion of the large 

i n t e s t i n e , the pumping effect of the caeca and p e r i s t a l s i s of the small 

in t e s t ine are taken into consideration for the f i l l i n g , the f i l l i n g pressure 

and p e r i s t a l s i s of the in t e s t ine for evacuation. About 10 in t e s t i na l 

defecations per caeca take place in hand (MANGOLD 1929), wherease the caecal 

defecations in geese (as some observations have revealed, also with ducks) in 

contrast to the i n t e s t i n a l ones, present a homogeneous, th ick, pasty mass. 

At any ra te a mixing of i n t e s t i n a l and masses into one excrement appears to 

be possible with ducks. (The green excrements mentioned by Lorenz in 1949 are 

moreover hardly of caecal or ig in , but probably a r i se from discharges of 

concentrated b i l e ) . According to some observations, the evacuation of caecal 

material in ducks i s quite i r r egu la r and on the whole often took one day to 

be expelled, which in comparison with the great a c t i v i t y of defecation (around 

50 s tools per day) was not expected. 

As was now shown, res t ing stages and eggs of d i f ferent organisms could 

also reach the caeca, Thus the above-mentioned Arteritis; eggs, which were 
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belatedly expelled, are derived from a par t of the excrement from the caecum, 

and probably pa r t of the l a t e - a r r i v ing rubber p a r t i c l e s can also be explained 

through storage in the caecum. In order to obtain more l igh t on t h i s subject, 

domestic ducks (on a poultry farm) were fed with Artemia eggs and were 

slaughtered a f te r 3 and 7 days respect ively . In one of the 3-day animals could 

be found 3 eggs in one caecum, and 1 egg in the other, by which a t t h i s stage 

points of reference for a caecal spreading of many organisms appear to be 

given. Certainly the precise mechanism for f i l l i n g and emptying the caeca 

was only to be c l a r i f i ed through invest igat ion with X-rays, before data, 

r e l a t ing to the caecal storage of different eggs and long-term stages , and 

also on the length of t h i s s torage, could be delivered. Thus a great significance 

for passive spreading i s due to t h i s , while ducks are capable, while 

migrating, of performing at l ea s t 480 km distances in a day (SCHUZ), whereby 

carriage over more than 1000 km seems to be assured for the above-mentioned 

Artemia eggs. 

With t h i s there a r i se s the question as to what extent not so much the 

d i s t r i bu t i on pa t t e rns of many species , especial ly of the better-known 

Crustacea, are determined by bird migration, which ce r t a in ly , as i s accepted 

today, takes place p r inc ipa l ly as a "broad front", but i s s t i l l a case of mass 

movement along set guidel ines, Such guideline effects can be guaranteed to 

affect water fowl jus t in arid regions in the form of d i f ferent inland 

waters, or through long, southerly-orientated mountain ranges. Since the 

frequency can be very decisive for the r e su l t of passive spreading, such 

guidelines must be drawn upon for the in te rpre ta t ion of many forms of 

d i s t r i b u t i o n . Thus the divided d i s t r ibu t ion of many ecological ly to lerant 

Diaptomus species , which have taken hold of I ran, or the colonial area 

following the migration over the Andes of Boeckellida, i s not comprehensible . 

without bird migration, and d i f f i cu l t to understand apart from guidelines. 

Here more understanding must be obtained through inves t iga t ions , pa r t i cu la r ly 

on the caeca of aquatic b i rds shot while on passage. 
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