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ABSTRACT

We compared the validity of two low cost camera systems to analyze the fi ltration activity of Diplodon chilensis (Gray, 
1828), the most common freshwater bivalve in southern Chile, by using time lapse photography. One camera system 
(Nikon D300) was connected with an external fl ash, whereas the other system (GoPro Hero 3+) contained a permanent 
video light source. Size change of the exhalant siphon area (ESA) of Diplodon individuals was used to track activity 
changes over time. The siphon of D. chilensis was completely closed for 3.4 % ± 5.2 % (mean ± SD) of the recording time 
and it shows a nearly completely opened siphon for 42.7 % ± 22.9 % of the recording time. The mean siphon opening was 
68.3 % ± 26.5 % of its potential opening area. Although a red fi lter was placed in front of the video light source, the mobile 
fauna, especially Aegla abtao (Schmitt, 1942) and unidentifi ed small fi shes were highly attracted by the permanent light. 
We conclude that both low cost cameras are very suitable for in situ time lapse observation of freshwater clams since both 
deliver good image quality. However, special attention should be given to the light source since permanent light attracts 
animals including predators which might change fi ltration activity of D. chilensis.
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RESUMEN

Comparamos la validez de dos sistemas de cámara de bajo costo para analizar la actividad de fi ltración de Diplodon chilensis 
(Gray, 1828), el bivalvo de agua dulce más común en el Sur de Chile, usando fotografía de lapso de tiempo. Un sistema de 
cámara (Nikon D300) se conectó con un fl ash externo, mientras que el otro sistema (GoPro Hero 3+) contenía una fuente 
de luz de vídeo permanente. El sifón de D. chilensis fue completamente cerrado por 3.4 % ± 5.2 % (media ± desviación 
estándar) del tiempo de grabación y muestra un sifón casi completamente abierto durante 42.7 % ± 22.9 % del tiempo de 
grabación. La apertura media del sifón fue de 68.3 % ± 26.5 % de su área de apertura potencial. Aunque un fi ltro rojo se 
colocó frente a la fuente de luz de vídeo, la fauna móvil, especialmente Aegla abtao (Schmitt, 1942) y los peces pequeños 
no identifi cados, fueron fuertemente atraídos por la luz permanente. Concluimos que ambas cámaras son adecuadas para la 
observación in situ de fotografía en lapso de tiempo de las almejas de agua dulce, ya que ambas ofrecen una buena calidad 
de imagen. Sin embargo, se debe prestar especial atención a la fuente de luz, ya que la luz permanente atrae a los animales, 
incluidos los depredadores, que podrían cambiar la actividad de fi ltración de D. chilensis.

PALABRAS CLAVE: área de sifón exhalante, comparación de sistemas de cámaras, Diplodon chilensis, fotografía en lapso de 
tiempo.
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INTRODUCTION

The fi rst time lapse studies go back to the sheer observation 
of organisms in defi ned time intervals. This has been applied 
at the early beginning in a variety of scientifi c fi elds by 
direct microscopic observations (Carey & Pettengill 1967), 
in aquaria and in situ. Since the 1970s also self-contained 
underwater time lapse cameras for long term observations 
(> 1 week) were used and placed by divers in the area of 
interest (Fedra & Machan 1979). The technical conditions 
were already developed in the 1960s (Mitchell 1967) and 
applied by Kenneth Read in 1967 who recorded time lapse 
series with a video camera designed by Harold E. Edgerton 
(Marx 1990). Due to the rapid development of photo and 
camera techniques which provide time lapse modes in 
many customary photo and video cameras, nowadays this 
technique is often used to visualize slow motion processes 
(Beuchelm et al. 2010).

Several fi eld studies, which did not use automatic 
recording devices, underestimated the true activity of 
slow moving animals like sea stars or gastropods, because 
the time interval between two observations was too long. 
Displacement of individuals instead of movement was 
measured  (Barahona & Navarrete 2010). Time lapse 
photography constitutes the link to other benthic studies 
that deal only with the analysis of the community which 
structure is often only defi ned by animals´ and plants´ 
abundance and coverage (Beuchelm et al. 2010) and do not 
consider short term variations. Stachowitsch et al. (2007) 
simulated oxygen depletion and anoxia affecting a benthos 
community and documented the effects with the help of time 
lapse photography. Lampitt et al. (1984) used this technique 
to study deep sea benthos, while Kohler (1984) analyzed 
insect larvae in rivers. Several aspects of mussels were 
studied by time lapse photography.  Sawyer et al. (2009) 
investigated predator-prey interactions of a sublittoral 
mussel bed in the Gulf of Trieste (Northern Adriatic).

In this work this noninvasive technique is used to 
measure fi ltration activities of the freshwater clam Diplodon 
chilensis under fi eld conditions. It is the most common 
fresh water mussel on both sides of the southern Andes, 
South America and occurs in Chile between 30°28’ S and 
46°37’ S (Parada et al. 2007; Valdovinos & Pedreros 2007). 
Individuals can reach a shell length of 10 cm, an age of 
around 90 years and live semi-buried (Fig. 1) as well in 
deep as shallow waters (Lara & Parada 2008; Soldati 2009). 
Its habitat ranges from sandy, sandy-pebbly to muddy 
sediments reaching population densities of 10 ind. m-2 
in sandy substrates and 361 ind. m-2 in muddy sediments 
(Lara & Parada 1988). D. chilensis has a mixed feeding 
based on phytoplankton, phytobenthos and organic matter 
existent in the plankton and benthos (Lara et al. 2002). It 
shows a signifi cant reduction in its geographic ranges and is 
considered to be a threatened species in many Chilean lakes 

(Parada & Peredo 2005; Valdovinos & Pedreros 2007). 
Soto & Mena (1999) measured the ability of D. chilensis 
to fi lter algae and clear the water column of particulates 
and dissolved nutrients associated with salmon farms. They 
concluded that D. chilensis may have a signifi cant fi ltering 
effect on lakes due to their high fi ltration rate of about 1.3 
l*h-1 ind-1 and their high density in Southern Chilean lakes 
(50-200 ind.* m-2). Ecological importance of freshwater 
mussels in general and specifi cally D. chilensis relies in their 
importance of ecological processes such as biofi ltration of 
suspended particles and phytoplankton reducing nuisance 
cyanobacteria ameliorating effects of eutrophication 
(Sabatini et al. 2011; Atkinson et al. 2013); nutrient cycling 
- nutrient storage (Vaughn 2018), alleviating nutrient 
limitation and changing algae communities in riverine 
ecosystems (Atkinson et al. 2013); providing habitat for 
other organisms and supporting food-webs providing 
nutrients and energy for other species (Vaughn 2018).

However, the measuring of the fi ltration activity of 
mussels has been discussed controversially for many years 
(Bayne 1998; Jørgensen 1996; Riisgård 2001).  Newell et 
al. (2001) found the exhalant siphon area (ESA) to be a 
good remote sensing of feeding rates. Valve opening and 
opening of the exhalant siphon aperture may be uncoupled. 
This can be observed when animals are exposed to elevated 
current velocities, declining salinities  (Newell et al. 2001; 
Davenport 1979) or elevated levels of copper and other 
pollutants  (Manley 1983; Kramer et al. 1989). Due to 
the need for respiration the bivalves hold the valves open 
although pumping through the siphon and therefore feeding 
is interrupted which also involves the control of exhalent 
siphon activity as discussed by Manley (1983). 

Here we present fi rst results of fi ltration activity 
of D. chilensis during night using the exhalant siphon 
aperture (ESA) as a proxy of the measurement of fi ltration 
activity. It was also studied whether the fi ltration activity 
changes from day to night time or remains constant over 
time. Measuring ESA during night time with time lapse 
techniques requires the usage of an artifi cial light source, 
therefore this study also focuses on the technical aspects of 
this procedure. For that, we compared two different camera 
systems, one equipped with a permanent light source and 
another with an external fl ash.

MATERIAL AND METHODS

STUDY SITE

All in situ experiments were conducted at Lake Panguipulli, 
which is located in the Araucanian Lake district, southern 
Chile (Fig. 2) in March 2015 and March 2016, late austral 
summer. The lake is oligotrophic with a Secchi depth of 
9.8 m - 17.0 m (Woelfl , 2007), has an area of 116 km2, a 
maximum length of about 30 km and a maximum depth of 
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268 m. Two time lapse cameras were installed in the bay of 
Rucatrehua at the eastern lakeside in the vicinity of a beach 
(39°45’05” S and 72°09’45” W) (Fig. 2), in 30 m distance 
to the shore at a water depth of about 10 m. At this depth the 

time lapse recordings were performed. Water temperature at 
10 m depth was about 20 °C with high visibility. Sediment 
was predominantly composed by gravel, coarse to fi ne sand 
and occasionally deadwood (Fig. 1). 

F IGURE 1. Sea bed at Panguipulli Lake with semi-buried and fi ltrating individuals of D. chilensis. / Sedimento en el lago Panguipulli con 
individuos semi-enterrados y fi ltrando de D. chilensis.

 FI GURE 2. Map of the study site Rucatrehua (black cross) at Lake Panguipulli, Lake Region, Southern Chile. / Mapa del sitio de estudio (cruz 
negra) en el lago Panguipulli, Región de los Lagos, Sur de Chile.
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TECHNICAL EQUIPMENT

For the observation of the bivalves´ fi ltration activity time 
lapse photography was applied using two different camera 
systems (Table 1, Fig. 3). One camera was a Nikon D300 in 
an underwater housing equipped with a Subtronic Pro160 
fl ash connected to an external battery pack (capacity 9Ah). 
The Nikon camera can take pictures with a resolution of 
12 megapixels. At a rate of one image per every 2 minutes 
the cameras´ battery (capacity 1600 mAh) lasts for 
approximately 13 h, if the monitor and the autofocus are 
switched off. Images were taken at a shutter speed of 1/80 
sec and with ISO 200. For every image the external fl ash 
was activated at a distance of 30 cm to the substrate at a 
fl ash intensity of 1/16 (Fig. 3). The autofocus of the camera 
was switched off after the fi rst image taken (1) to avoid 

fl iggering of the image series and (2) to guarantee that the 
camera does not run out of the focus during night time. The 
camera itself weighs 925 g, the underwater-housing made 
of corrosion-resistant aluminum approximately 2500 g, 
the flash and the battery pack with 1920 g have to be 
added. The lenses are interchangeable, and the application 
depends on the work priorities and therefore the minimum 
focus distance varies but is minimum more or less 5 cm with 
a macro lens. In this study the distance between lens and 
mussels was about 40 cm. The interval time can be chosen 
freely in the range from seconds over minutes to hours. The 
rack on which the Nikon camera is fi xed has a defi ned area 
for quantitative estimations of mussel density and other 
epibenthic organisms.

TABLE 1. Technical features of the deployed camera systems Nikon D300 and GoPro Hero 3+ black edition. / Características técnicas de los 
sistemas de cámara desplegados Nikon D300 y GoPro Hero 3+ black edition.

FEATURE NIKON D300 GOPRO HERO 3+BLACK EDITION

camera type digital refl ex camera digital action camera

image resolution 12 megapixels 12 megapixels

size camera housing 147 x 114 x 74 mm 60 x 40 x 30 mm

weight (without UW-housing) 925 g 156 g

illumination external fl ash light, Subtronic 
Pro160 

external video light (permanent), 
Caveman Spot

lens interchangeable wide angle (fi x), external lens kits 
are available

image distortion depending on the lens yes

minimum focus distance depending on the lens, ∼ 5 cm ∼ 18 cm

interval time interval time completely 
adjustable

few given interval options (0.5 sec, 
1 sec, 2.5 sec, 30 sec or 60 sec)

depth of fi eld  high low

autofocus can be switched off automatic; cannot be switched off

display internal or external external display can be connected

operating time of the camera (2 
min interval)

13.5 h (battery with 1600 mAh 
capacity; autofocus and 
monitor switched off)

9.5 h (with external battery; 
8AA x 2600 mAh; external monitor 

switched off)

manufacturer of underwater 
housing Sea & Sea (UK) Hugyfot (Belgium)

waterproof UW-housing 100 m 200 m (with Hugyfot housing)
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The second camera used was a GoPro Hero 3+ with an 
image resolution of 12 megapixels in a Hugyfot underwater 
housing (Fig. 3). Due to its non-interchangeable wide angle 
lens (Fig. 4), image distortion is noticeable at the edges of the 
photos. The camera and the housing weigh 2130 g whereof 
the camera itself weighs only 156 g. In the Hugyfot housing 
an additional factory assembled battery for longer lasting 
recordings is integrated and facilitates operating times of up 
to 9.5 h in the time lapse modus of 1 image/ min, provided 
that the external screen is switched off. The battery pack has 
a capacity of 8AA x 2600 mAh. For accurate positioning 
and selection of the target area an external screen in an 

underwater housing (also Hugyfot) was connected to the 
camera. The GoPro System (camera, screen and lights) was 
installed on a low cost standard tripod, the camera facing 
towards the ground (Fig. 3). The distance between camera 
and ground was 65 cm. For illumination during night two 
Caveman 3000 spots (manufacturer Natural Shine) were 
used, which shine continuously. To reduce the infl uence of 
permanent light on the fauna and fl ora a red fi lter permeable 
to wavelengths above 600 nm was put in front of the light. 
In the case of the Nikon and its fl ash, the battery capacity of 
the camera is the time limiting factor, whereas for the GoPro 
it is the battery of the video lights. 

FIGURE 3. Nikon D300 (left) and GoPro 3+ Hero (right) in (a) underwater housings with (b) additional battery packs for fl ash (Nikon) 
and video light (GoPro) (c), and (d) external screen (only GoPro). / Nikon D300 (izquierda) y GoPro 3+ Hero (derecha) en (a) estuches 
subacuáticas con (b) baterías adicionales para fl ash (Nikon) y luz de vídeo (GoPro) (c), y (d) pantalla externa (solo GoPro).

FIGURE 4. Original image section of the Nikon camera (a) and the GoPro camera (b). / Sección de imagen original de la cámara Nikon (a) 
y GoPro.

4a 4b
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FIGURE 5. SCUBA diver installing the Nikon camera over a 
D. chilensis bed. / Buzo autónomo instalando la cámara Nikon 
encima de zona de D. chilensis.

FI GURE 6. Exhalant siphon of D. chilensis (tip of arrow). / Sifón 
exhalante de D. chilensis.

TIME LAPSE SETTING

Both cameras were programmed to take one picture at 
a defi ned interval in the highest defi nition possible for 
each camera (Nikon D300 12.1 Megapixels; GoPro 12 
Megapixels). During the fi eldwork phase in 2015 both, 
the Nikon and the GoPro camera, were programmed to 
trigger once per minute. In 2016 we changed the time lapse 
interval of the Nikon camera to one image per 2 minutes, 
the GoPro stayed in the 1 minute interval. The difference 
in the time intervals emerges from the technical options of 
both cameras. The Nikon camera allows any desired time 
interval, whereas the GoPro can only be programmed at 
fi xed time intervals between 0.5 and 60 sec (0.5 sec, 1 sec, 
2.5 sec, 30 sec or 60 sec). The cameras were installed and 
recovered in the required depth by Scuba diving (Fig. 5). 
For imaging both camera systems were used simultaneously 
in the same depth, in a distance of approximately 10 m 
between them.

DATA ANALYSIS

The analysis of the exhalant siphon area was done by the help 
of the computer program “Fiji” (version v1. 50i) (Schindelin 
et al. 2012). Time lapse series images were loaded in the 
program and for each analyzed mussel the exhalant siphon 
area (ESA) (Fig. 6) was measured in every single image and 
expressed as the percentage of the maximum opening of 
the analyzed individual  (Newell et al. 2001; Riisgård et al. 
2003) (Fig. 7). 

Two of the time lapse series (one with fl ash light and one 
with permanent light) recorded in March 2015 were analyzed 
with regard to the abundance of the freshwater crab Aegla 
abtao over time. The recording started at 7 pm, included the 
sunset (8:01 pm local time) and stopped at 10:30 pm. The 
area of the frame on which the Nikon- camera was fi xed was 
0.12 m2, whereas the GoPro camera captured an area twice 
as large (0.24 m2). In each image the individual number of 
Aegla abtao was counted and extrapolated to 1 m2. 

RESULTS

IN SITU FILTRATION ACTIVITY

Within a period of seven days a total of 14 time lapse series 
of Diplodon chilensis were recorded at different times of 
the day in March 2016, nine with the Nikon D300 and fi ve 
with the GoPro camera. In every single time lapse series 
5-16 adult individuals of D. chilensis were analyzed. Only 
those individuals were chosen that were embedded nearly 
perpendicularly and whose exhalant siphon area was clearly 
visible. In total 154 specimens were analyzed. Longest 
recording time was 13.5 h.  Altogether 19,155 data points in 
form of exhalant siphon areas were recorded and measured. 
To evaluate how much of the day time D. chilensis is 
fi ltering e.g. with a nearly completely opened exhalant 

siphon or completely stops water pumping activity (and 
several grades in between: up to 25 %, 50 % and 75 % 
opened siphon) all measured data were pooled together 
and calculated as percentages of the total recording time. A 
totally closed siphon was observed during 3.4 % ± 5.2 % of 
the recording time. An ESA between 0 % and 25.0 % could 
be observed during 2.9 % ± 5.1 % of the day and between 
25.1 % and 50.0 % during 10.0 % ± 12.1 % of the day. Most 
of the day time the siphon was opened 50.1 % - 75.0 % for 
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41.1 % ± 17.1 % of the time and was nearly completely 
opened (75.1 % -100.0 %) during 42.7 % ± 22.9 % of the 
day time (Fig. 8). Considering all data of the Nikon and the 
GoPro the mean siphon opening was 68.3 % ± 26.5 %.

FLASH LIGHT VS. VIDEO LIGHT 
All images of the late evening- time lapse series were 
analyzed with regard to the number of the crustacean Aegla 
abtao to estimate whether the mobile fauna, especially 

the mentioned predator of D. chilensis, was attracted and 
therefore D. chilensis might indirectly be affected by the 
permanent illuminating video light of the GoPro camera that 
we used in parallel to the fl ash light of the Nikon camera. 
Both cameras were installed in a distance of 10 m 
assuming the flash light area was not influenced by the 
permanent illuminating video lights and vice versa. Data 
are summarized in time intervals of half hours (Fig. 9). 

FI GURE 7. Screenshot of the Fiji interface, showing two analyzed images (7a: Nikon, 7b: GoPro), encircled exhalant siphon area (white line), 
tool bar and result list with measured areas; a: inhalant siphon, b: exhalant siphon. / Captura de pantalla de la interfaz de Fiji, que muestra 
dos imágenes analizadas (7a: Nikon, 7b: GoPro), área de sifón exhalante rodeado (línea blanca), barra de herramientas y lista de resultados 
con áreas medidas; a: sifón inhalante, b: sifón exhalante.

FIGURE 8. Percentage of total recorded time for different degrees 
of exhalant siphon area (ESA) of D. chilensis (x̅ ±1SD); data base 
on analysis: n = 154 individuals. / Porcentaje del tiempo total 
registrado para diferentes grados de área de sifón exhalante (ESA) 
de D. chilensis (x̅ ± 1SD); base de datos sobre el análisis: n = 154 
individuos.

7a 7b

FIGU RE 9. Number of freshwater crab Aegla abtao individuals m-2 
(mean ±1SD) present in areas with Nikon-fl ashlight (black bars) 
and permanent video light of the GoPro (grey bars) during late 
evening (7 - 10:30 pm). / Número de individuos de Aegla abtao 
m-2 (media ± 1SD) presentes en áreas con linterna Nikon (barras 
negras) y luz de vídeo permanente del GoPro (barras grises) 
durante la noche (7 - 10:30 pm).
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The mean value over the observation time is 2.5 ± 4.8 
ind. m-2 for the fl ash light areas and 14.9 ± 10.4 ind. m-2 for 
the permanently illuminated areas. 

DATA ACCURACY

The cameras were programmed to trigger every 2 minutes 
(Nikon) or 1 minute (GoPro). In the latter case only every 
second image was used for the calculations done with regard 
to the exhalant siphon area in this study. Different time 
intervals (2 min, 4 min, 8 min, and 16 min) were checked 
whether and to what extent the data remain reliable. In all 
cases the overall mean ESA value and its standard deviation 
remained nearly the same regardless of the chosen time 
interval (mean ESA: min. 68.04 % for 16 min interval and 
max. 68.43 % for 4 min interval) (Table 2, Fig. 11). 

FIGURE 10. Effect of fl ash light (a) and of permanent light (b) on mobile fauna like fi shes and the freshwater crab Aegla abtao; both images 
are taken at approximately 11 pm. / Efecto de la luz de destello (a) y de la luz permanente (b) en la fauna móvil como los peces y el cangrejo 
de agua dulce Aegla abtao; ambas imágenes tomadas aproximadamente a las 23:00 hrs.

On fl ash light infl uenced areas the number of Aegla 
individuals was low rising slightly from 1.7 ± 3.7 ind. m-2 
in the evening (7:00-7:30 pm) to its maximum of 3.8 ± 5.8 
ind. m-2 (8:00-8:30 pm) and again decreasing towards later 
evening (2.3 ± 5.1 ind. m-2) at 9:30-10:00 pm and even 
zero individuals at night (10:00-10:30 pm) (Fig. 9). Areas 
illuminated by permanent light showed a much higher 
number of Aegla individuals in comparison to fl ash light 
affected areas (Fig. 10). Between 07:00 pm and 9:00 pm 
individual numbers are around 7.9 ± 4.7 ind. m-2. Then a 
leap in the data is detectable and the number of Aegla 
individuals rises to 21.1 ± 7.2 ind. m-2 at 9:00-9:30 pm, 
reaching a maximum of 28.2 ± 7.4 ind. m-2 at 9:30-10:00 pm 
(Fig. 9). 

FIGURE 11. Changes in the mean exhalant siphon area in relation to day time using different time lapse intervals. / Cambios en el área media 
del sifón exhalante en relación con el tiempo diurno usando diferentes intervalos de tiempo.
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DISCUSSION

TECHNICAL ASPECTS

Our data clearly showed that in general both cameras 
performed well under in situ conditions during day time. 
However, the low-cost GoPro camera revealed some 
particular limitations. It has a fi xed wide-angle lens which 
cannot be armed with other kind of lenses when using a 
standard housing. Therefore, the images cover a wide range 
of the sediment (Fig. 4) when applied at the same distance 
as the Nikon camera. This causes a distortion of the image, 
which makes accurate measurements at the periphery 
impossible, because the image becomes blurred quite soon in 
the edge parts. When zooming into the image for analyzing 
the exhalant siphon areas, the image quality decreases 
signifi cantly in comparison to images taken by the Nikon 
camera (Fig. 7). As D.chilensis is a quite large species and 
the siphon easily visible, this is not such a problem in our 
study, but might be one in the case of smaller animals like 
the common freshwater mussel Dreissena polymorpha (not 
present in Chile), other small mussels (< 15 mm) such as 
those of the genus Pisidium and Sphaerium between others 
which are common in Chile (Parada and Peredo 2006) and 
small D. chilensis (e.g. juveniles) which live generally 
buried in the sediment. 

In order to apply the presented methodological 
approach, it is very important to generate high quality 
images of D. chilensis in order to distinguish the exhalent 
siphons from pseudosiphons since adults expose both 
posterior edge and the pseudosiphons to feed in gravel 
(Yusseppone et al. 2017).

With respect to the battery capacities, both cameras and 
lightings have to be improved. It is not possible to record 
time lapse series over a couple of days or even for a complete 
day-night cycle. This means external battery packs have to 
be placed in external underwater housings and connected to 
the cameras and lights. The Nikon camera and its housing 
have a more robust appearance, but this comes along with a 

higher weight and bulkier size. The GoPro instead is quite 
small and can be used e.g. for in-aquaria recordings. The 
right choice of the camera system should be always related 
to the experimental design; no general recommendation can 
be given apart from the suggestion to check carefully that 
the battery capacity is not limiting the study.  

The slightly inclined position of the GoPro camera 
towards the ground and therefore to the recorded bivalves 
does not have an effect on the determination of the exhalant 
siphon area, as the animals normally stay at their location. 
So the magnifying effect is the same for all evaluated images 
of one single animal. For further calculation only relative 
values are used (% of the maximum siphon opening) and so 
remain comparable to ESA-values of other individuals of 
the time lapse series.

FLASH LIGHT VS. VIDEO LIGHT

The permanent lighting of the GoPro camera attracted much 
more mobile fauna than the fl ash light of the Nikon camera, 
although we used a red foil to reduce light emission as done 
by others  (Turra and Denadai 2003). For further time lapse 
recordings, the red fi lter of the permanent light has to be 
optimized or completely be replaced by a fl ash or lamp 
that only emits light when the camera is taking the photo. 
Apart from the freshwater crab Aegla abtao, a lot of small 
fi shes were visible in the analyzed images, but were not 
further considered, as they do not touch the bivalves and are 
therefore not supposed to disturb. Different with the A.abtao 
individuals, that walked around the mussels and might 
infl uence the fi ltration behavior and the distribution of the 
mussels. The later the evening, on the fl ash light area the 
number of A. abtao decreased, while on the permanent light 
area the number increased. A too large physical proximity 
of the two cameras can be excluded as higher densities (20-
30 ind. m-2) were only found at the permanent illuminated 
area. Lara and Moreno (1995) found that this freshwater 
crab preys on D. chilensis and showed that these mussels 
are sensitive to the contact of A.abtao. Therefore, the use of 

TABLE 2. Comparison of overall mean ESA and relative standard deviation (percentage of mean) when images are evaluated at different 
time intervals. / Comparación de la media total ESA y la desviación estándar relativa (porcentaje de la media) cuando las imágenes se 
evalúan en diferentes intervalos de tiempo.

TIME LAPSE INTERVAL
mean ESA 

[%]
SD
[%] NUMBER OF ANALYZED IMAGES

16 min 68.04 26.61 2356

8 min 68.42 26.3 4785

4 min 68.43 26.37 9598

2 min 68.33 26.46 19155
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permanent light sources is not recommended for time series 
of D. chilensis as they attract one of its natural predators and 
alter its fi ltration activity.

Another aspect of the infl uence of the permanent light 
source is related to the enhanced presence of many small 
fi shes and zooplankton (Daphnia, copepods) during night. 
This interferes when analyzing the images and hampers the 
proper interpretation of the ESA. Especially for the night 
recordings an improvement of the illumination is necessary, 
as the data of the Aegla densities at night with different 
types of lighting showed (Fig. 9, Fig. 10).

The advantage of this non invasive method as we used 
in this study is, that the animals are observed in their nat-
ural habitat without touching them in any way. The only 
interference might be the dispersion of sediment when the 
camera is positioned and the light or fl ash light emission of 
the camera. In laboratory experiments Riisgård et al. (2003) 
also used time lapse techniques and monitored the opening 
degree of siphons of the cockle Cerastoderma edule and 
the sand clam Mya arenaria during clearance experiments 
by recording the movements with a video camera (Sony 
CCDV700E) which was placed above the experimental 
aquarium. 

FILTERING ACTIVITY OF DIPLODON CHILENSIS

Time lapse photography allows to take a huge number of 
images in very short time intervals detecting rapid changes 
caused by disturbance, sun set or other factors. Comparing 
different time intervals (2, 4, 8, 16 min) in our study 
demonstrated that the results did not change when increasing 
the interval time from 2 to 16 min (Fig. 11). 

Until now there were no data available on the fi ltration 
activity patterns of the Chilean fresh water clam Diplodon 
chilensis under in situ conditions. Therefore, it is not possible 
to compare our data directly to those of other authors and 
this study can be considered as the fi rst analyzing of the 
fi ltration activity of D. chilensis over a longer time period 
and in a non- invasive way by time lapse recording. 
However, there exists similar information on other bivalve 
species under experimental conditions. 

 Higgins (1980) studied the valve opening of Crassostrea 
virginica and showed that continuously fed oysters were 
open for about 94 %, whereas unfed animals were open only 
about 35 % of the recorded time. With 90 % opening time 
 Jørgensen (1966) reported similar values for C. virginica. 
Mya arenaria (a completely buried clam species, only 
siphons reach the sediment surface) had their siphons open 
approximately 85 % of the submersion time during a tidal 
cycle. During the opened status the individuals have the two 
siphons open and do not show any apparent movement. The 
most frequent events are simultaneous closing followed 
by simultaneous opening of the two siphons  (Thorin et al. 
1998). The fi ltration behavior of the blue mussel Mytilus 
edulis was studies by  Loosanoff (1942) who found the 

valves of this species to be opened for 97 % to 99 %. In 
the latter mentioned studies the siphon and valve opening 
is only subdivided into the status opened or closed, whereas 
our data of the freshwater clam Diplodon chilensis are 
separated in various opening states (Fig. 8). A totally closed 
siphon can be observed for 3.4 % ± 5.2 % of the recorded 
time, this means for the vast majority of the time the exhalant 
siphon is at least a little bit opened and the animals are 
pumping water. The mean siphon opening is 68.3 % ± 26.5 % 
(Tabla 2). Having a closer look at our raw data of the analyzed 
animals, these also exhibit specimens which have their shells 
closed for almost the entire recording time while others next 
to them show overall a more opened status. This might be 
one explanation for the high standard deviations of the overall 
ESA values (Tabla 2). 

The inhalant and exhalant siphons of Donax vittatus are 
described to be open for nearly 100 % of the observation 
time. Only in periods of wave disturbance or after local 
disturbances or preceding pseudofaeces ejections siphons 
are closed, but only for time spans shorter than 1 minute 
 (Ansell 1994). Foster-Smith (1976) showed that for 
minor reductions of the siphon opening, the water volume 
pumped per minute is not infl uenced and the fl ow speed 
of the water increases while the pumping rate remains the 
same. He estimated that the exhalant siphon aperture has 
to be reduced by 80% to notice an effect on the total water 
volume fl owing through a bivalve. But not only abiotic 
factors like temperature etc. but also particle concentration 
and composition are essential factors that determine 
bivalve fi ltration activity  (Cranford 2001; Widdows 2001). 
However, this was not the main objective of this study, but 
will be investigated in more detail in another study on this 
topic.

Our study confi rmed, that time lapse series are an ade-
quate way of studying fi ltering animals in the fi eld even if 
they can never completely replace measurements of mussel 
fi ltration rates, using direct or indirect methods. 
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