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ABSTRACT 
 
It is well understood that dissolved humic substances 
(HSs) are taken up by freshwater organisms and 
interact on various molecular and biochemical levels, 
including the development of mild chemical stress 
combined with lifespan modulation. For instance, with 
the nematode Caenorhabditis elegans, a lifespan 
extension could be observed with certain HS qualities. 
Intrigued by this result, we studied the potential of 
lifespan extension with further animals, for instance 
the water flea, Daphnia magna. Upon exposure to the 
same HS that caused a lifespan extension in C. 
elegans, the usually parthenogenic females started to 
produce males. Subsequently, males and females were 
separately exposed. The lifespans of the females were 
reduced in a concentration dependent manner, 
whereby the highest exposure concentration 10.75 
mg/L DOC reduced the mean lifespan by more than 
25% and the mean numbers of offspring. In contrast, 
the mean lifespan of males was increased in a 
hormetic manner: 2.15 mg/L DOC exposure increased 
it by 20% and 10.75 mg/L DOC by less than 10%. 
This gender-specific modulation of longevity in D. 
magna synchronizes the lifespans of females and 
males and allows an increased period of sexual 
reproduction. 
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Currently, it is well understood that dissolved humic 
substances (HSs) are taken up by freshwater 
organisms [1] and interact on various biochemical and 
molecular levels [for reviews, see 2, 3]. Since HSs are 
non-endogenous substrates and the aquatic organisms 
try to get rid of them after being taken up, it is not 
surprising that HSs provoke all kinds of anti-stress 
reactions which are well known in ecotoxicology from 
organismal response to xenobiotic exposure [4]: 
 
• Induction of stress proteins, such as Hsp70 or 

crystalline Hsps, as well as induction and 
modulation of biotransformation enzymes [5, 6]; 

• Development of oxidative stress symptoms and 
defense, including lipid peroxidation as a likely 
antioxidant defense [7, 8]. 

 
Although the energy-consuming impacts of HSs 

on freshwater organisms have traditionally been 
classified adverse, we have shown that the nematode 
Caenorhabditis elegans (Maupas, 1900) actively looks 
for such a stressful environment and has been requited 
by a significant lifespan extension [6], provided the 
HSs contained high spin concentrations (equals high 
content of organic radicals, indicative of high 
reactivity), high C:CH2 and C:H ratios, and high 
specific UV absorption [9]. Intrigued by this result, we 
studied the potential of lifespan extension with further 
animals, for instance the water flea, Daphnia magna 
(Strauss, 1820). 

In order to evaluate whether a lifespan extension 
of HSs-exposed organisms in fact occurs, D. magna 
was exposed to the same lifespan-expanding HS 
preparation, HuminFeed®, in two concentrations as C. 
elegans was (2.15 and 10.75 mg/L DOC). This HS 
preparation1 is a processed leonardite with the 
aforementioned features and contains 43 % organic 
carbon and has already been used in biological studies 
[6, 9]. Dissolved HuminFeed has a specific UV 
absorption of 12.5 L mg−1 m−1 and contains 82.0% 
humic substances, 18.0% low molecular weight 
compounds, and 0% polysaccharides [9]. All exposure 
concentrations are environmentally realistic [7]; also, 
D. magna is common in ponds, including stabilization 
ponds of simple sewage treatment systems. In these 
ponds, DOC concentrations may reach 30 mg L-1 [10]. 
Yet information concerning whether or not the DOC 
affects D. magna is completely lacking. D. magna was 
cultured in ADaM artificial Daphnia medium [11] for 
5 generations prior to exposure. The water fleas were 
fed with the green alga Pseudokirchneriella 
                                                 
1 For more detailed information on HuminFeed®, the reader 
is referred to http://www.humintech.com/001/animalfeeds/ 
products/huminfeed.html, accessed June, 2008. 
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subcapitata, which was pre-cultivated in FW04-
medium [12]. The exposures were run in 10 parallels 
with 10 female individuals each in 100 ml-beakers. 
The animals were kept in permanent light at 21+1 °C. 
The exposed animals were counted daily in a white 
tray and placed into freshly prepared dissolved 
HuminFeed solution. 

Usually, D. magna is a cyclically parthenogenic 
cladoceran. This means that it can combine sexual and 
asexual reproduction and hence benefits from the 
advantages of both systems. Currently, it is well 
understood that the production of parthenogenetic 
male offspring occurs through environmental cues 
such as temperature, photoperiod and crowding [13]. 
Obviously, exposure to HS is an environmental stress, 
since a few days after the onset of the experiments the 
females produced parthenogenetic males. Yet, this 
explanation remains conventional. Recent molecular 
biological studies demonstrate production of male 
broods of D. magna in response to the sesquiterpenoid 
hormone methyl farnesoate in concert with 
ecdysteroids [14, 15]. Interestingly, terpenes are the 
structural feature of both compounds. Recently it has 
been emphasized that the major precursors of at least 
the Suwannee River fulvic acid are tannins and 
terpenoids rather than lignins [16]; it appears most 
likely that a moiety of the exposed HSs themselves is 
internalized and triggers the production of 
parthenogenetic males. 

As soon as males could be identified in the 
Daphnia garden, they were isolated and exposed 
separately in an identical exposure pattern as the 
females. The results are presented in Figure 1. 
Exposed females (Fig. 1A) respond with reduced 
lifespan at any concentration: un-exposed females 
have a median lifespan of 105 d, whereas 2.15 mg/L 
reduces it to 95 d and 10.75 mg/L DOC to only 76 d. 
This equals a lifespan reduction of almost 28%. The 
opposite can be seen with males: any exposure applied 
increased the lifespan. Interestingly, it is a biphasic 
(hormetic) response with the lower exposure 
concentration being more effective (expansion by 16% 
of the control) than the higher one (expansion by only 
9% of the control). Under control conditions, median 
lifespans of males (43 d) are much shorter than those 
of females (105 d). This equals approximately 40%. 
Yet this discrepancy is clearly reduced by HSs-
mediated stress with 2.15 mg/L DOC increasing the 
male lifespan to 53% and 10.75 mg/L DOC even to 
62% of those of the females. Since even aged D. 
magna females can reproduce well, this gender-
specific modulation of longevity synchronizes the 
lifespans of both females and males and allows an 
increased period of sexual reproduction. 

Gender-specific effects on aging have 

recently been extensively reviewed for human beings 
[18] as well as for non-humans such as rodent or 
invertebrates model species [19]. These studies 
consider infections and diseases in the case of 
humans, or physical noxes and triggers, such as heat, 
cold, hypergravity, or food issues such as caloric 
restriction in the case of small mammals and 
invertebrates. 

 

 
 

Figure 1 Exposure of Daphnia magna to increasing 
concentrations of HuminFeed® as DOC, a leonardite 
soil extract rich in phenolics. A: Females, lifespan 
reduction at all concentrations. B: Males: lifespan 
extension at all concentrations. In both graphs, the 
differences between control and the exposures were 
significant at the p<0.01 level (log-rank test2, n = 30-
77). Note: Time scales (x-axis) in the figures differ! 
Differentiating sex characteristics include the pair of 
minute first antennae (FA) of the females, the 
elongated FA of the males. The bivalved-like carapace 
of the female has two uniform, symmetrical edges 
(CE). Both CEs of the male are asymmetrical and are 
edged by setae. Insert micrographs from [17] with 
permission. 

 
                                                 
2 The log-rank test is available at the Walter & Eliza Hall 
Institute of Medical Research (http://bioinf.wehi.edu.au/ 
software/russell/logrank/, accessed June, 2008). 
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Yet to the best of our knowledge, studies on 
gender-specific longevity modulations in invertebrates 
by chemical stressors have only occasionally been 
carried out. For instance, the tropical fruit fly, 
Zaprionus paravittiger (Godbole & Vaidya, 1972), fed 
on a propyl gallate supplemented diet showed an 
increased lifespan of females combined with higher 
activities of antioxidant enzymes [20]. In another 
study, the cytokinin plant growth hormone kinetin 
expanded the lifespan of both genders, but this 
expansion was much more expressed in females than 
in males [21]. The authors discuss that the anti-aging 
effects of kinetin are mainly due to a reduction in the 
age- and gender-specific death rates throughout the 
adult lifespan. 

The adverse effect of HSs on female Daphnia 
must be considered toxic, as not only the lifespan but 
also the numbers of offspring are affected. With 
increasing exposure concentrations the numbers 
decrease to reach only two thirds with the highest 
concentrations (Fig. 2). With 2.15 mg/L the reduction 
in offspring numbers was 14%. Toxic effects such as 
lethality and teratogenicity with freshwater snails or 
fish embryos have occasionally been observed [22, 
23]. Since after the first few generations of offspring 
the neonates were not allowed any longer to mature, 
there is no direct information available as to whether 
or not the HSs stress caused the production of 
increased numbers of males in order to produce 
diapausing eggs. Yet the existing papers [13–15] 
suggest this strategy in Daphnia. 

 
 

0

1.0

2.0

3.0

4.0

5.0

M
ea

n 
nu

m
be

rs
 o

f o
ffs

pr
in

g
pe

r f
em

al
e 

D
ap

hn
ia

pe
r d

ay

*
**

0 mg/L 2.15 mg/L 10.75 mg/L  
 

Figure 2 Mean numbers (including standard 
deviations) of offspring per female Daphnia magna 
per day exposed to increasing concentrations of 
HuminFeed® as DOC. The differences between 
control and the exposures were significant at the 
p<0.05 (*) and p<0.01 (**) level, respectively (one 
way ANOVA).  

 

In conclusion, following the observed lifespan 
modulation in C. elegans by dissolved HSs [6], we 
have presented another example of the fact that these 
biogeopolymers may serve as a cryptic ecological 
driving force. Freshwater organisms are exposed to 
these substances under environmentally realistic 
conditions and cannot avoid the subsequent chemical 
stress. There is no need to artificially administer HSs 
via food or injection - D. magna is swimming in these 
substances and the chemical stress has an ecologically 
meaningful result. These humic substances modulate 
the lifespan in the waterflea in a gender-specific way 
and synchronize the lifespans of females and males. 
Subsequently, the HS-mediated mild stress allows an 
increased period of sexual reproduction and hence the 
formation of diapausing eggs (ephippia) in order to 
overcome the period of stress. 
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