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Many organisms avoid previously exploited patches to increase their foraging efficiency. Such avoidance behavior either requires system-
atic search, memorizing which patches have been visited, the deposition of a cue or signal that marks exploited patches, or a combination of 
these abilities. Usually we ascribe patch avoidance behavior to neurologically sophisticated organisms, but here we show identical behavior 
by a protist—the amoeboid slime mold Physarum polycephalum. This unicellular organism uses an externalized spatial memory system 
by depositing behind it a trail of extracellular slime. By subjecting amoebae to Y-maze choices, we found that the organism discriminates 
between slime deposited by conspecifics and heterospecifics and avoids areas where others have been previously. We argue that slime 
molds use the presence of extracellular slime to preferentially explore novel areas. If the organism perceives the presence of food, it will 
enter this area even if extracellular slime is present. Thus, extracellular slime does not serve as a repellent but as a cue that an area is most 
likely devoid of food sources.
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IntroductIon
When searching for immobile and slowly renewing or nonre-
newing resources, an organism’s foraging efficiency is increased 
with its ability to avoid areas that have previously been explored 
(Armstrong et al. 1987; Bernstein and Driessen 1996). One method 
to ensure that new areas are explored while keeping inefficient 
scanning of  previously visited areas to a minimum is to employ 
a systematic search pattern (Obrien et  al. 1990). Several families 
of  plants, including the foxglove (Digitalis purpurea), have a spike of  
flowers densely arranged around a central branch. Pollinators such 
as bumblebees will tend to begin their foraging at the lowest flow-
ers and systematically move upward when choosing the next flower, 
thus avoiding revisiting empty flowers (Pyke 1981). An alternative 
mechanism by which previously exploited patches can be avoided 
is to remember which patches have been visited before. Neotropical 
flower bats trained to forage at a large number of  feeders can 
remember the locations of  over 40 feeders that they have visited 
within a single foraging bout and will avoid revisiting these feeders 

(Winter and Stich 2005). Similarly, marsh tits, after harvesting seeds 
from food caches, will avoid emptied cache sites and maintain a 
memory of  at least 35 different sites, avoiding inefficient searching 
at previously emptied sites (Shettleworth and Krebs 1982).

Memory can also reside in the organism’s environment in 
the form of  cues left behind by an individual. Trail-laying ants 
“memorize” their route of  travel between the nest and a food 
source by laying pheromone marks that are attractive to nest 
mates (Hölldobler and Wilson 1990). Alternatively, an organism 
may leave a cue to indicate that the area is unprofitable (Robinson 
et al. 2005). Patch marking is a reliable and widespread mechanism 
to “memorize” the location of  an unprofitable patch, allowing 
individuals to recognize previously searched areas and relocate 
their search to unmarked and unexplored patches (Bernstein and 
Driessen 1996; Devenport et  al. 1999; Nakashima et  al. 2002; 
Willson et  al. 2011). Such patch marking can involve a signal, 
evolved specifically to mark patches and increase foraging efficiency, 
or a cue, a mark derived from some other action and co-opted 
to avoid revisiting patches (Camazine et  al. 2001). By marking a 
previously explored patch, the individual avoids paying the costs of  
“lost opportunity”—instead of  reexploring areas that have already 
been visited, it can devote time to exploring other areas with 
potentially higher resource levels (Stephens and Krebs 1986).
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The use of  memory during foraging clearly extends beyond the 
internally stored, synaptic memories of  organisms with sophisti-
cated neurological hardware. Avoiding previously explored areas 
is also advantageous for organisms less neurologically sophisti-
cated than birds, mammals, and insects. This raises the question of  
whether such organisms would be capable of  using an externalized 
memory system in which explored patches are marked and no lon-
ger visited. We chose the acellular slime mold Physarum polycephalum 
(Amoebozoa: Myxomycetae) as our study organism.

Physarum polycephalum is a unicellular, multinucleate protist. The 
slime mold’s vegetative state, known as a plasmodium, can grow 
to cover an area in excess of  900 cm2 and is capable of  moving 
at speeds of  up to 5 cm/h (Kessler 1982). The general morphol-
ogy of  a plasmodium includes an extending “search front” at the 
leading edge of  the migrating cell, typically forming a dense fan 
shape (see Figure  1). This is followed by a system of  intersect-
ing tubules toward the trailing edge of  the organism (Dove and 
Rusch 1980). Cytoplasm is constantly and rhythmically streamed 
back and forth through the network of  tubules, circulating 
chemical signals and nutrients throughout the cell (Collins and 
Haskins 1972).

Although lacking a central nervous system or processing cen-
ter, the slime mold can find the shortest path through a maze 
(Nakagaki et  al. 2000, 2001), reconstruct complex man-made 
transport networks with efficiency comparable to their human 
designers (Tero et al. 2010), and perform complex nutrient-intake 
and risk-management trade-offs to make optimal foraging deci-
sions (Dussutour et  al. 2010; Latty and Beekman 2010). This 
unicellular organism has even been shown to make irrational 
decisions (Latty and Beekman 2011) and anticipate the timing of  
periodic events (Saigusa et  al. 2008), phenomena usually associ-
ated with species that possess a much greater degree of  neurologi-
cal sophistication.

Plasmodial slime molds (myxomycetes) are found in high-
est abundance in the woody debris and leaf  litter layers of  
forests worldwide, but may be found in any terrestrial ecosys-
tem containing plant life (Stephenson and Stempen 2000). As 
P.  polycephalum moves through its environment, it leaves behind 
a trail of  nonliving extracellular slime, a high molecular weight 

polyanionic glycoprotein (Henney and Asgari 1978), which con-
sists largely of  sulfated galactose polymers (McCormick et  al. 
1970).

Several roles have been postulated for the copious amounts of  
extracellular slime produced by P. polycephalum, including a hydro-
philic coat to aid in water retention (McCormick et  al. 1970), 
a lubricating surface over which the motile cell can migrate 
(Simon and Henney 1970), a defensive shield to protect against 
invasion by foreign materials and organisms (McCormick et  al. 
1970), an aid to phagocytosis (Haskins and Hinchee 1974), or 
possibly an ion-exchange surface (McCormick et  al. 1970), for 
the cell. Recently we showed that extracellular slime serves as an 
externalized spatial memory that facilitates navigation in com-
plex environments (Reid et  al. 2012). The organism was found 
to avoid areas containing extracellular slime thus increasing its 
ability to escape a U-shaped trap and reach an attractive food 
source.

Here, we further explore the slime mold’s ability to use the 
presence of  extracellular slime during foraging. Slime molds 
usually coexist with many other species of  amoebae, all engulf-
ing and digesting their similar prey of  yeast, bacteria, and other 
microorganisms (Anscombe and Singh 1948; Alexopoulos 1963; 
Kuserk 1980). The organisms forage on nonrenewing, or slowly 
renewing, resources that are patchily distributed. We can thus 
make several predictions about the slime mold’s foraging behav-
ior. We predict that, given the similarity of  slime mold food 
requirements, plasmodia should avoid extracellular slime irre-
spective of  which species deposited the slime. However, when 
given a choice between extracellular slime from the same or a 
different species of  slime mold, we expect the slime mold to show 
a stronger avoidance response to cues left behind by conspecifics 
because heterospecifics most likely do not overlap completely in 
their food preferences. We further predict that the cues present 
in extracellular slime fade over time as food sources are renewed 
(Alexopoulos 1963). Finally, we predict that the presence of  food 
cues should override the slime mold’s initial avoidance response 
to extracellular slime.

Methods
Study organism culture methods

We maintained P.  polycephalum plasmodia in the dark at 24  °C on 
large (30 × 20 cm) 1% agar plates embedded with 10% w/v rolled 
oat flakes. Original cultures were obtained from Southern Biological 
Supplies (Nunawading, Australia), and we subcultured lab stocks 
onto new agar-oat plates weekly. In addition to our normal lab 
culture, we used a P.  polycephalum strain produced in the lab by 
mating myxamoebae of  strains DP89 and TU9 (Moriyama and 
Kawano 2003). We used this test strain to test if  the slime mold 
can distinguish between extracellular slime deposited by itself  or by 
another strain. The advantage of  creating our own DP89 × TU9 
strain was that we could be certain that this culture represented an 
individual distinct from our P. polycephalum test plasmodia, yet of  the 
same species. We used a different species of  slime mold, Didymium 
bahiense, to investigate if  the slime mold can recognize extracellular 
slime of  a different species. The original D.  bahiense culture was 
cultured from spores harvested from banana skins obtained in 
Sydney, Australia.

To obtain extracellular slime, we let a large culture migrate 
across a 1% agar surface, a process that normally takes 8–12 h, 
leaving behind a trail of  extracellular slime. Except where stated 

Figure 1 
Photograph of  P.  polycephalum plasmodium showing (A) extending 
pseudopod, (B) search front, (C) tubule network, and (E) extracellular slime 
deposited where the cell has previously explored. The food disk containing 
the inoculation of  plasmodial culture is depicted at (D).
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otherwise, the culture used to generate the P. polycephalum extracel-
lular slime was the same laboratory stock as the P. polycephalum plas-
modium to be tested.

Experimental procedure

We offered P.  polycephalum plasmodia a choice between 2 treat-
ments in a 1% agar Y-maze (Figure  2). The base of  the Y-maze 
consisted of  3 cm2 of  plasmodial search front compressed to cover 
a 1-cm2 agar block. Such plasmodial fragments become indepen-
dent functioning organisms within minutes (Kobayashi et al. 2006). 
The surfaces of  the Y-maze arms were either blank or contained 
extracellular slime of  different origin depending on the experiment. 
Each Y-maze arm was 1 cm in width. At the terminus of  each arm, 
we placed a food source: either 10% w/v powdered oat-agar or 
10% w/v powdered egg yolk-agar.

We first examined whether the slime mold could discriminate 
between extracellular slime deposited by its own culture (“self ”) 
and that deposited by a culture of  the different strain DP89 × TU9 
(“conspecific nonself ”). To test this, we gave the organism a choice 

between extracellular slime from its culture and extracellular slime 
from the DP89 × TU9 strain (Figure 2a, n = 24).

To determine if  the slime mold could discern the patch marks 
of  heterospecifics, we gave the organism a choice between extra-
cellular slime from its own culture and extracellular slime from 
D.  bahiense (Figure  2b, n  =  24). We then tested if  the slime mold 
reacts to extracellular slime from heterospecifics and conspecif-
ics in the same way, by giving P.  polycephalum plasmodia a choice 
between extracellular slime from D.  bahiense and blank agar 
(Figure 2b, n = 24).

To determine if  the cues present in extracellular slime diminish 
over time, we gave the slime mold a choice between fresh extracel-
lular slime and extracellular slime that was either 2 or 6 days old 
(Figure  2c, n  =  24 in both experiments). We chose this timescale 
to reflect the expected time necessary for the microorganisms on 
which the slime mold feeds to renew. To control for differences in 
desiccation between treatments, the 2 sheets of  agar from which we 
cut the arms of  the Y-mazes were made at the same time. We inoc-
ulated the first agar sheet with slime mold to generate extracellular 
slime and stored this slime-coated agar sheet for either 2 or 6 days. 

Figure 2 
Experimental setups for agar Y-maze choice experiments, where ES stands for extracellular slime. (a) Self  versus conspecific nonself  extracellular slime, (b) 
response to heterospecific extracellular slime, (c) choice between fresh and aged extracellular slime, and (d) patch-mark cues versus food cues behavioral 
titration (see text for more details).
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We stored the second agar sheet until 8–12 h before experiments 
began. We then inoculated this sheet with slime mold to obtain 
fresh extracellular slime. In all cases, agar was stored in the dark in 
sealed containers at 22 °C.

We were also interested in determining how slime molds use the 
combination of  food cues and patch marking when making foraging 
decisions. Because we do not have information regarding the diffu-
sion of  food cues through agar, and thus how easily the slime mold 
perceives the presence of  food, we tested 2 potential foods: 10% 
w/v powdered egg yolk-agar and 10% w/v powdered oat-agar. By 
placing each food source at the end of  an arm in a Y-maze of  blank 
agar, we determined that yolk was chosen significantly more often 
than oats (see Results for details), suggesting that the slime mold 
either prefers yolk over oats or that it perceives the presence of  yolk 
more quickly because it diffuses through the agar more easily. We 
then determined if  the avoidance response induced by extracellular 
slime is overridden in the presence of  food cues. As the different 
diffusion rates of  the oat and yolk food cues were unknown, we per-
formed a “behavioral titration” (Kotler and Blaustein 1995) to find 
the point where the strength of  attraction from the yolk food source 
counterbalanced the avoidance response elicited by extracellular 
slime. We gave P. polycephalum plasmodia the choice between an arm 
containing extracellular slime and leading to the egg yolk-agar food 
source, and an arm containing blank agar and leading to the oat-
agar food source. We repeated the experiment with arm lengths of  
4, 1, and 0.5 cm (Figure 2d, n = 40 replicates for each arm length), 
with the concentration of  food cues available to the slime mold at 
the time of  the initial choice increasing with proximity to the food 
sources. We further increased the strength of  food cues by repeating 
the choice experiments in Figure 2d, with the food sources placed 
in contact with the Y-maze 2 h prior to the choice experiment, so 
that the gradient of  dissolved food cues had more time to expand 
toward the plasmodium.

Data collection

We took photographs every 5 min with a Sony® HDR-HC5 
Handycam that we mounted 30 cm above the experimental setup 
inside a darkbox. To maintain relatively high humidity, we placed 
a container with 200 mL of  water inside the box. This setup min-
imized ambient light (slime molds are light averse), while allow-
ing flash photography from above. We considered an arm chosen 
when the slime mold touched a food source at the end of  one of  
the arms. If  the plasmodium reached both food sources at the 
same time, we called the decision split and excluded the repli-
cate from analysis. Where arms contained different treatments, 
we alternated the left/right position of  the treatments between 
replicates. We used a binomial test to determine if  the choice of  
plasmodia between treatments was significantly different from a 
random choice (50%). Statistical tests were carried out using IBM 
SPSS Statistics® v19.

results
When given a choice between extracellular slime from their own 
culture and that from a culture of  a different strain (DP89 × TU9) 
of  the same species, plasmodia did not consistently select one arm 
over the other, with 9 out of  23 replicates choosing the Y-maze arm 
containing extracellular slime from DP89 × TU9 (P = 0.405) and 
1 split decision.

When presented with a choice between extracellular slime from 
their own culture and that from a different species of  slime mold, 

D.  bahiense, all P.  polycephalum plasmodia chose the arm containing 
extracellular slime of  D.  bahiense (P  <  0.001, n  =  24). This strong 
preference was not due to D.  bahiense’s slime being intrinsically 
attractive (e.g., as a food source), because when given a choice 
between blank agar or D. bahiense extracellular slime, 16 out of  19 
plasmodia chose the blank agar arm (P = 0.004), with 5 split deci-
sions. These data show that plasmodia of  P.  polycephalum can dis-
criminate between extracellular slime deposited in the environment 
by their own species and that deposited by slime mold belonging 
to a different species but are not attracted to slime from another 
species.

When given a choice between fresh extracellular slime and 
extracellular slime that had been aged for 2 days, plasmodia did not 
make a clear choice between either treatment, with 13 out of  23 
replicates choosing the Y-maze arm with fresh extracellular slime 
(P = 0.678) and 1 split decision. Even when the choice was between 
fresh extracellular slime and extracellular slime that had been aged 
for 6 days, plasmodia still made no clear choice, with 10 out of  22 
replicates choosing fresh extracellular slime (P = 0.832) and 2 split 
decisions. These results suggest that the slime mold does not, and 
perhaps cannot, discriminate between extracellular slime patches 
laid hours ago or several days in the past.

To test whether the slime mold could overcome its normal 
response to avoid extracellular slime when it perceives food, we 
first determined the slime mold’s preference for either 10% w/v 
powdered oat-agar mix or 10% w/v egg yolk-agar mix, in an agar 
Y-maze. We gradually increased the concentration of  the food 
cues available to the plasmodia at the time of  initial choice by 
sequentially shortening the arms of  the Y-mazes. When the length 
of  the Y-maze’s arm was 4 cm, 36 out of  40 replicates chose the 
arm leading to yolk (P  <  0.001); when the arm was 1 cm long, 
34 out of  39 replicates chose the arm leading to yolk (P < 0.001) 
with 1 split decision. Finally, using arms 0.5 cm in length, 29 out 
of  30 plasmodia chose the arm leading to yolk (P < 0.001) with 
10 split decisions. Food sources were placed in contact with the 
Y-maze immediately before the experiments, with no additional 
time for diffusion of  food cues. These results can be explained in 
2 ways. Either the slime mold has a real preference for egg yolk 
when choosing between yolk- and oat-based food sources or egg 
yolk diffuses more quickly through the agar so that it is perceived 
earlier. For our next experiment, it is only important to know 
that the slime mold can perceive the presence of  egg yolk in the 
setup used.

We then investigated whether slime mold would ignore the cues 
provided by extracellular slime when it perceives the presence of  
food. P.  polycephalum plasmodia were given a choice between an 
arm containing extracellular slime that lead to an egg yolk food 
source and an arm containing blank agar that lead to an oat food 
source. As in the previous experiment, we sequentially shortened 
the arms of  the Y-mazes to titrate food cue concentration, but in 
addition, we allowed extra time (2 h) for the food cues to diffuse 
through the agar arms before the experiment. Figure 3 shows that 
when we used an arm length of  4 cm, plasmodia showed a strong 
preference for the blank agar/oat arm, both when the food sources 
were offered at the start of  the experiment (0 h) (P  <  0.001) and 
when the food was introduced 2 h before (P  <  0.001). When the 
Y-maze arms were 1 cm in length, plasmodia showed a preference 
for the blank agar/oat arm for the 0 h treatment (P < 0.001), but 
not when food cues were allowed to diffuse 2 h before the start 
of  the experiment, with both arms chosen equally (P  =  1.000). 
When the distance to the food was further reduced, both arms 

815

 at R
utgers U

niversity on June 14, 2013
http://beheco.oxfordjournals.org/

D
ow

nloaded from
 

http://beheco.oxfordjournals.org/


Behavioral Ecology

were selected equally when food was introduced at the start of  
the experiment (P < 0.154), whereas plasmodia significantly chose 
the arm leading to egg yolk that contained extracellular slime 
(P < 0.006) when food cues were allowed an extra 2 h to diffuse. 
Thus, when the slime mold perceives the presence of  food, it can 
ignore the presence of  extracellular slime and no longer avoids 
previously visited areas.

dIscussIon
The slime mold P. polycephalum is less likely to enter areas that con-
tain extracellular slime compared with areas that do not contain 
such slime (Reid et al. 2012), reducing the likelihood of  the organ-
ism revisiting depleted areas. Thus, extracellular slime serves as an 
externalized spatial memory and allows P. polycephalum to make effi-
cient foraging decisions similar to those observed in more neuro-
logically developed taxa. P.  polycephalum can discriminate between 
extracellular deposits left by a different species of  slime mold 
(D.  bahiense), but either does not or cannot distinguish between 
self  and conspecific nonself  (strain DP89  × TU9). As predicted, 
P.  polycephalum plasmodia chose heterospecific extracellular slime 
over conspecific slime and selected blank agar over heterospecific 
slime. P. polycephalum naturally coexists with a number of  other spe-
cies of  slime mold, many of  which compete for similar, but slightly 
different food resources (Anscombe and Singh 1948), whereas the 
diet of  conspecifics is likely to overlap completely. Thus, the pres-
ence of  heterospecific cues may indicate an environment that is of  
higher quality (less depleted) than an environment containing con-
specific cues. Such “eavesdropping” on another species’ cues is also 
found in other organisms that leave marks behind when foraging. 
Bumblebees not only recognize and reject depleted flowers marked 
by their own pheromone, but also detect and react in the same way 

to pheromone deposited by other species of  bumblebee (Goulson 
et al. 1998). Eavesdropping on the memory system of  heterospecif-
ics allows the bees to forage more efficiently as they avoid depleted 
flowers. Similarly, using cues left behind by other species of  slime 
mold allows P. polycephalum to focus on areas more likely to contain 
resources.

The age of  the extracellular slime did not affect the slime mold’s 
behavior, suggesting that the strength of  the signal does not decay 
with time, at least over the time frame of  our experiments and 
under our experimental conditions. This is in sharp contrast to 
other organisms that use an externalized memory system: trail-
laying ants. Ants use pheromone trails to recruit workers to forage 
when the food source found is of  high quality and too large to be 
exploited by a single individual. An important aspect of  the phero-
mone-based memory system is that the externalized memories will 
gradually be “forgotten,” as the volatile chemicals that make up 
the pheromone trail evaporate, and are eventually lost if  not rein-
forced (Couzin 2009). The extracellular slime, which mostly consists 
of  sulfated galactose polymers (McCormick et  al. 1970), does not 
evaporate and hence is likely to persist in the environment for longer 
than most ant trail pheromones. Another fundamental difference 
between the ants’ and the slime mold’s externalized memory is that 
the slime mold uses the system to avoid areas it has been previously, 
whereas ants generally use it to return to areas of  high profitabil-
ity—those marked with high concentrations of  pheromone. The 
pheromones in ant trails tend to evaporate at a fast rate, as old trails 
need to disappear in order for the colony to adapt to changing con-
ditions in the environment (Reid et al. 2011). For a slime mold feed-
ing on patchily distributed resources that renew on a long timescale, 
any area that has been recently visited is likely low in resources and 
should be avoided. The widely abundant food sources of  decaying 
vegetable matter, bacteria, and fungi (Alexopoulos 1963) ensure that 

Figure 3 
Choice experiments between an arm containing extracellular slime leading to a yolk food source and an arm of  blank agar leading to an oat food source (the 
experiments in Figure 2d). The proportion of  choices made by plasmodia within each treatment group is presented on the y axis. Shaded areas represent 
choices of  the extracellular slime-coated arm leading to the yolk food source. White areas represent choices of  the blank agar arm leading to the oat 
food source. The x axis shows the different Y-maze arm lengths. Within each arm length, food was either placed at the end of  the arm at the start of  the 
experiment (0 h) or 2 h prior to the start of  the experiment. Stars indicate significant preference for 1 arm (binomial test).
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a patch need not be searched multiple times to extract all resources, 
as unexploited patches are rarely far away.

We have demonstrated that the slime mold ignores the indirect 
cues provided by extracellular slime when it perceives the presence 
of  food. This makes sense if  the slime mold’s response to the 
presence of  extracellular slime evolved to avoid areas that have 
been searched previously and stripped of  resources; it would be 
maladaptive to then ignore definitive food cues even if  this area 
contains extracellular slime. It is possible that the slowly renewing 
food sources could regrow in exploited areas still containing 
extracellular slime. Thus, the slime mold’s behavioral response to 
the presence of  extracellular slime is flexible. This is remarkable, 
as the sophistication of  the slime mold’s response to environmental 
cues appears to be far more advanced than the simple stimulus–
response pathways one would expect from this unicellular organism.

Patch marking is a very effective and widely adopted mechanism 
that allows an organism to avoid areas that have previously been 
explored. Army ant colonies (Eciton burchellii) will terminate or alter 
the course of  their foraging raids when detecting trail pheromones 
left by their own colony and those of  conspecifics, thus avoiding 
fruitless foraging in areas previously swept clean of  prey (Franks 
and Fletcher 1983; Willson et al. 2011). Females of  the hemipteran 
Orius sauteri will chemically mark areas they have searched and spend 
less time exploring these than novel areas (Nakashima et al. 2002). 
Parasitoid wasps lay eggs in hosts and females should avoid laying 
eggs in hosts that already contain eggs. Thus, many species of  para-
sitoid wasp will leave a pheromone mark on a parasitized host and 
avoid that host in the future (Bernstein and Driessen 1996). One 
species of  parasitoid wasp (Halticoptera laevigata) goes further, marking 
the patch that hosts are living in (honeysuckle fruit) after oviposi-
tion and avoiding this patch during later searching (Hoffmeister and 
Roitberg 1997). This is especially effective as a means of  avoiding 
wasting time searching, as the hosts of  this species are concealed 
within the flesh of  the fruit and are found only by random insertion 
of  the ovipositor into the fruit. Similarly, foxes (Henry 1977), wolves 
(Harrington 1981), and chipmunks (Devenport et al. 1999) all mark 
a depleted cache of  food with urine and avoid marked areas when 
searching for remaining food caches.

We can now add P. polycephalum to the list of  organisms capable 
of  using patch marking as a form of  spatial memory. By mark-
ing and avoiding areas it has previously exploited, as well as those 
exploited by other species of  amoebae, the slime mold can more 
efficiently focus its search for food in more profitable areas of  the 
environment. Moreover, the response to marked patches is flexible, 
with plasmodia forgoing the usual avoidance response when a prof-
itable food source has been detected. Our results demonstrate that 
memory-associated foraging decisions normally observed only in 
neurologically sophisticated animals can also be made by a nonani-
mal organism without a brain or nervous system.
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