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Figure 1.Maximum Likelihood Phylogenetic Tree of Metazoan Relationships (Schierwater et al. 2009) 
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Most basal metazoans have complex life cycles with various life stages and are capable of 

both sexual and asexual reproduction (we use the terms asexual and vegetative as synonyms, 

see (Schierwater and Hauenschild 1990) for a precise definition of asexual versus sexual 

reproduction which I apply throughout this thesis). Hence, they do not exhibit a clear germ-

line sequestration in a classical sense of the term in contrast to most higher metazoans (see 

(Weismann 1891; Buss 1987; Finch 1990; Martinez and Levinton 1992; Martinez 2002) for 

more on the concept of germ-soma segregation). When thinking about aging in basal 

metazoans, it is crucial to consider the organizational level of the individual one is looking at. 

Since asexual propagation modes are prevalent and commonly distributed across the lower 

tree of life, it is important to always distinguish between the genet (i.e. clone) and the ramet 

(i.e. module) level in clonal populations (Harper 1981; Silander 1985; Karlson 1988; Karlson 

1991; Martinez 2002). How does the additional dimension of asexual reproduction affect the 

aging patterns of both ramets and genets? What are the differences and variations between 

these levels, and what kind of aging diversity can we expect? These are core issues I want to 

raise and tackle with this thesis. 

Information on this subject is very scant throughout the literature and the genet/ramet 

distinction is most often completely neglected in aging studies about clonal animals, which 

complicates correct understanding and interpretations even further. Just few thorough reviews 

elaborating on the genet/clone/colony versus ramet/module senescence stand out (Orive 

1995; Gardner and Mangel 1997; Tanner 2001; Martinez 2002; Skold and Obst 2011; 

Arnaud-Haond et al. 2012), though all tend to remain tangled and blurry in their conclusions 

about the potentially distinct demographic aging patterns of genets and ramet stages.   
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GOALS OF THIS THESIS 

 

Since the established theories and concepts of aging become very unclear when it comes to 

clonal organisms, one of the main goals of this thesis is to raise this awareness and describe 

the possibilities and potential differences between the demographic aging patterns of the 

genet and ramet levels. The diversity of aging across the tree of life has just begun to be 

described and undermined by quantitative demographic data (Jones et al. 2014). Large gaps 

need to be filled both theoretically and experimentally and it is time to fit the clonal aging 

puzzle piece into the aging diversity assemblage. Empirical demographic aging data are 

especially scant at the root of the metazoan tree of life, where we find extremely plastic 

animals regarding their life cycles and regeneration abilities. Metagenetic basal metazoans 

like most Medusozoa (Kayal et al. 2013), including one of our experimental organisms: 

Eleutheria dichotoma (fig.3), possess parallel living life stages which can be simultaneously 

potent of reproducing either sexually or asexually or both. Hydra, on the other hand, is a 

Medusozoan which lost the medusa stage (Kayal et al. 2013) and was left with the polyp 

stage alone (fig. 2). Hence, when thinking about aging on the genet versus the ramet level, 

each species has to be evaluated differently and potentially parallel ramet life stages have to 

be considered as well.  

  

 

 

 

 

 

 
Figure 2. Hydra magnipapillata polyp 
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Throughout my thesis I will discuss aging in basal metazoans from a biodemographic point of 

view. A major core question in evolutionary demography is: Why evolution favoured a 

certain path of aging in a certain species? To look into this question, I chose to examine aging 

in two extremely interesting basal metazoans belonging to the Hydrozoans: Hydra 

magnipapillata and Eleutheria dichotoma.  

The freshwater polyp Hydra (Hydrozoa, Athecata, Aplanuata) is a well-studied model-

organism across various biological disciplines (Campbell 1967; Gierer et al. 1972; Martinez 

1998; Bosch et al. 2010; Bosch 2012; Chapter III). The cosmopolite genus (except 

Figure 3. Eleutheria dichotoma. A Medusa (aboral view) with two growing buds on the umbrella. B Stolonal 
colony with polyps. C Stolonal colony with polyps and medusae. D Section of a stolonal colony showing polyps 
close-up. Growing primary medusae can be seen at the hydrocaulus of the polyp in front and a the polyp in the 
back ingested an Artemia salina nauplius. Scale bar on the upper right (A) applies only to A. 

A  B  

C  D 

 0,5 mm  
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IV) Schaible, R.; Danko, M. J.; Ringelhan, F.; Wagner, P.; Kramer, B. H.: Variation in 

individual fitness of Hydra polyps and the importance of stochasticity 

In this experiment, we explicitly examined the individual variation in life-history traits of 

isogenic, purely asexual H. magnipapillata. To further look into the phenotypic heterogeneity 

within a Hydra clone, we analysed patterns of vegetative reproduction and age at first 

reproduction of more than 1118 isogenic polyps, subdivided into six cohorts of different 

ramet ages (2-5 years old). Environmental conditions were kept constant throughout the 

study. We discuss the effects of stochasticity and random phenotype allocation in clonal 

organisms. 

 

V) Ringelhan, F. and Schaible, R: To cut or not to cut - Biscetion trade-offs in the polyp 

Hydra magnipapillata (Cnidaria: Hydrozoa) 

Following on chapter III&IV and in light of the remarkable plasticity, regeneration abilities 

and non-senescent aging pattern of Hydra polyps, this study examines its resource allocation 

strategy in response to strong environmental stressors. We reared isogenic, purely asexually 

reproducing Hydra polyps of a H. magnipapillata strain at five different feeding regimes and 

bisected them horizontally to simulate predation stress. We observed reproduction, size, and 

starvation survival after regeneration and compared these traits between groups to reveal 

eventual allocation trade-offs and hormesis effects. We also looked into trait heterogeneity 

within and between polyps and checked for heritability as we monitored fed and unfed 

budded offspring generations at the two highest feeding levels. 
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are connected with root like hydrocauli and stolons typical for many hydrozoans (Schuchert 

2006). An additionally most interesting and unusual feature for Medusozoa the E. dichotoma 

medusa shares with some of its family sister species is the ability to reproduce both 

vegetatively by budding plus sexually by bisexual self-fertilization (Hauenschild 1956; 

Schuchert 2006). E. dichotoma enables us hereby to study not only the aging differences 

between parallel life-cycle stages (medusa vs. polyp) and aging at the genet vs. ramet level, 

but also the effects and trade-offs of the varying reproductive modes on its aging patterns.   

Only few examples of detailed demographic studies on basal metazoans exist and these are 

most often very limited in their representative relevance for general patterns since individual 

numbers are usually low in ecological field studies but also in most laboratory studies 

(Babcock 1991; Martinez 1998; Garrabou and Harmelin 2002; Martinez 2002; Vaupel, 

Baudisch et al. 2004). The diversity of demographic aging patterns across the basal 

metazoans is supposedly very high considering the enormous plasticity in life cycle variations 

and the abundant potential of asexual reproduction coupled to high regeneration capabilities. 

A full spectrum of patterns, including senescent, non-senescent and even negatively 

senescent species and species stages, with declining mortality risks and/or rising fertility with 

age, might be expected (Baudisch 2008; Baudisch 2011; Baudisch and Vaupel 2012; 

Baudisch, Salguero-Gómez et al. 2013; Jones, Scheuerlein et al. 2014). More demographic 

data are needed to study these patterns, whereby the differences between genet and ramet 

aging patterns are most interesting and consequential to examine considering the specific life 

cycle stages at which the respective ramet units occur (Karlson 1991; Martinez 2002).  

Here we report the first extensive demographic laboratory study of the life of a metagenetic 

hydrozoan, including the measurement of the survival, size, and reproduction measured at 

different feeding regimes for both polyp and medusa stages, including released planula larva 
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culturing and experiments (Hauenschild 1956; Schierwater 1989a; Raudonat 1995). The first 

medusa cohort , so called primary medusae, was constituted by the first medusae budded off 

by the parent polyp colony (PH = primary medusa at HFR, PL = primary medusa at LFR). 

The first medusa bud of each isolated primary medusa was kept to generate the second 

cohort, so called secondary medusae (SH = secondary medusa at HFR, SL = secondary 

medusa at LFR). To prevent any direct inter-generational transmission of signals, we made 

sure that only these medusae were taken for the secondary medusa cohort, which have not 

been already in development when the primary medusae were still attached to their parent 

polyps. The same procedure was applied to the third cohort, only that these tertiary medusae 

were now isolated from their respective parent secondary medusa individuals (TH = tertiary 

medusa at HFR, TL = tertiary medusa at LFR).  

Each isolated medusa was kept and traced individually in a well of a plastic six-well 

microwell plate with about 9 ml saltwater per well. Wells were checked for uneaten Artemia 

before feeding to compensate for uneaten food in the subsequent feeding round. At least 

twice per week medusae were checked for detached medusa buds, which were discarded, to 

record individual budding rates. The sexual state of a medusa as well as the number of 

released and free swimming planula larvae were recorded also at least twice per week during 

the experiment under a binocular. From each medusa of the primary cohort the first five 

released planulae were isolated into separate glass dishes. Feeding started here as soon as the 

first tentacles were visible after settlement and metamorphosis into a polyp. The same feeding 

schedule was applied to the primary polyps as to the respective parent primary medusa, 

whereby each additionally growing polyp on the developing colony got additionally always 

the same amount of Artemia as the first polyp. With the successful emergence of the first 

polyp with tentacles the remaining planulae and smaller polyps were discarded to maintain 

and monitor only one polyp (-colony) offspring per parent primary medusa individual for 
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measured as mean weekly larva/bud release per medusa, a hump can be seen in every 

comparison (all cohorts separate, HFR and LFR combined and all combined). The hump 

shaped medusa traits can be distinguished into three phases, with the first phase showing 

absolutely no mortality and reproduction yet. The second phase is determined by increasing 

mortality risk and increasing budding- and larva release rates. Finally, in the third phase all 

traits start to decrease again on the population level after having reached a hump 

characteristic climax before. In all traits, the climax tends to be relatively early, at a young 

medusa age regarding maximum lifespan, in contrast to the observed humps in other species, 

e.g. in medflies (Carey, Liedo et al. 1992; Vaupel, Carey et al. 1998). Remarkably, the age-

specific fertility trajectories run though similar absolute values between sexual and asexual 

reproduction but in slightly shifted phases, with the budding trajectory preceding in its phase 

the larva release curves around one to three weeks.           

Several conclusions can be drawn from this observation, namely that the phase of vegetative, 

sexual and simultaneous reproduction including tissue bursts by larva releases constitute the 

most risky medusa life phase, whatever vegetative generation. The declining mortality risk 

phase is accompanied by lower larva and budding release rates (down to zero in both traits, or 

just shutting sexual reproduction), less food consumption and starvation. Two explanations 

for this pattern seem most probable to us, both not mutually exclusive: heterogeneity and 

medusa physiology. Heterogeneity between isogenic medusae could be an important driver 

for this phenomenon, potentially caused by epigenetic differences between medusa tissues 

and cell lines and distributed differently across the isogenic medusae in the cohort. Similar 

phenotypic variability observations due to random phenotype allocation to ramets regarding 

budding rate and starvation survival have been made by us with the freshwater polyp Hydra, 

for example (Chapter IV; Chapter V). Our second hypothesis is that the early risky life phase 

associated with the high mortality hump is an inherent physiological feature of all medusae. 
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which we found high mortality levels compared to low mortality levels of older and 

established stolonal colonies, speaking for sexual ontogenescence in Eleutheria. Once a 

primary polyp is established, producing its first stolonal protrusions and starting to grow new 

secondary polyps, mortality starts to decline sharply and seems to sink into a plateau shaped 

non-senescence, with sporadic colony deaths in between but without signs of an increased 

mortality due to age. Individual polyps on a colony may be absorbed and/or degenerate 

through time, but can reappear at the same position, somewhere else on the stolon or on a 

new stolonal protrusion. Additionally, colonies may break apart and split to continue life as 

several colony ramets. These patterns are in stark contrast to the complete absence of 

ontogenescence and early-life mortality in medusae. Considering the different developmental 

steps involved in the budding process compared with the bisexual self-fertilization including 

the following hatching, settlement and metamorphosis steps, it is not surprising to find this 

result. Sexual reproduction is the much riskier way of propagation for Eleutheria, but it opens 

up a different route of dispersal completing the full life cycle including a possible epigenetic 

reset for the clonal unit which might not be accomplished by pure asexual vegetative 

reproduction via budding. Surely, more detailed demographic ontogenescence data including 

embryo, larva and primary polyp mortality and following stolonal colony data need to be 

collected over longer time spans to confirm this finding and our rather low feeding rate for 

the primary polyps could be adjusted to higher levels to compare the outcomes.  

Considering the presumed seasonal occurrence of Eleutheria medusa, medusae were not 

found during winter periods in European temperate zones, i.e. along Atlantic and 

Mediterranean shores (Hincks 1868; Brinckmann-Voss 1970; Riedl 1983; Schierwater 

1989a) - not including occurrences in the aquarium or in the laboratory - but it is still not 

understood what causes their winterly absence and why only the polyps shall survive this 

period as a reservoir stage. Winterly medusa absence could be due to substrate (Ulva algae) 
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Feeding Generation Censored Median survival 

 

regime n (%) (days) 
 

 
 

    
 

 Primary (n=30) 2 (6,7%) 82 
 

High Secondary (n=30) 4 (13,3%) 73 
 

 Tertiary (n=30) 0 (0,0%) 66 
 

 Primary (n=30) 3 (10,0%) 93 
 

Low Secondary (n=28) 2 (7,14%) 125 
 

 Tertiary (n=26) 2 (7,7%) 91 
 

     

 
 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Table 1. Censored observations and median survival time for each generation, by feeding regime 

Figure 1. Kaplan-Meier estimates of the survival functions for each generation (P=Primary; S=Secondary; 
T=Tertiary), high feeding regime (left) and low feeding regime (right). 
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Figure 4. Raw monthly medusa mortality (qx). All cohorts separated. P, S and T stand for Primary, 
Secondary and Tertiary medusa cohort,  H and L represent High and Low feeding.  
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Figure 5. Raw monthly medusa mortality (qx). High- and low feeding regimes separated.  
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Figure 6. Raw monthly medusa mortality (qx). All cohorts combined.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Smoothed monthly medusa mortality (qx) using a Generalized Additive Model (GAM). All 
cohorts combined. The last month interval with the last three medusa deaths is excluded for the shape fit. 
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