
BIODIVERSITY
Published: 22 December 2021
doi: 10.3389/frym.2021.612548

CRIME SCENE SAN FRANCISCO: WHO IS

RESPONSIBLE FOR THE DISAPPEARANCE OF DELTA

SMELT?

Mallory E. Bedwell *, Craig Stuart and Melinda R. Baerwald

California Department of Water Resources, West Sacramento, CA, United States

YOUNG REVIEWERS:

HUGO

AGE: 9

ITZAMNÁ

AGE: 8

Delta smelt are becoming harder and harder to find in the San

Francisco Estuary. Some of the suspects in their disappearance are

invasive fish species that were introduced from other places into the

Estuary. These invasive fish can impact their new habitat by eating

the native species that were originally there. However, it is hard to

understand what the invasive fish are eating. We found that we can

use the DNA in the stomachs of invasive fish to figure out what

they have eaten. We caught a common invasive fish in the Estuary,

called the Mississippi silverside, and analyzed the DNA from their

stomachs to see if it matched delta smelt DNA. We discovered that

some Mississippi silversides had delta smelt DNA in their stomachs!

We therefore believe thatMississippi silversides are one of the culprits

causing the disappearance of delta smelt.
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THE SCENE OF THE CRIME

An estuary is the final section of one or more freshwater rivers
ESTUARY

The end portion where
one or more freshwater
rivers flow into the
saltier ocean.

before they meet the salty ocean. This mixing of salty and fresh water
in estuaries creates unique environments, with varying degrees of
saltiness, in which plants and animals can live. The San Francisco
Estuary is the largest estuary on the west coast of the United States
and it may contain more invasive species than most estuaries.

INVASIVE SPECIES

A species that has been
moved from its original
location and
introduced into a new
environment where it
competes for resources
with the species that
normally live there.

Invasive species are species that have arrived in an environment from
somewhere else and tend to take over their new environments [1].
While native species were once widespread, the Estuary is now home
to many invasive species of fish, plants, clams, jellyfish, and plankton
from all over the world. In the last few decades, tragedy has struck
the Estuary. A once abundant and highly sensitive native fish species,
the delta smelt, is mysteriously disappearing at an alarming rate [2].
Many years ago, millions of delta smelt swam freely throughout the
delta region of the Estuary, a maze of channels formed where the
Sacramento and San Joaquin rivers meet. In recent years, delta smelt
have been hard to find. Scientists are on a mission to solve the case of
the vanishing delta smelt.

THE VICTIM’S PROFILE

Delta smelt are a small species of fish that only live in the Estuary
and nowhere else in the world. They are silver and gray in color,
grow to about 5–7cm as adults (Figure 1A), and smell like cucumbers.
Delta smelt can live in aquatic habitats with varying levels of saltiness.
This makes the Estuary the perfect home for them [2]. Delta smelt
only live about 1–2 years and they are sensitive to environmental
changes like drought andwarmwater temperature. Drought andwarm
water temperature are occurring more commonly in California due
to climate change [3] and these conditions reduce the ability of the
delta smelt to survive and to lay eggs [4]. The numbers of delta
smelt have declined so much that they are now protected under both
the United States Federal Endangered Species Act and the State of
California Endangered Species Act [5].

THE SUSPECTS

Based on information scientists have collected, there are multiple
suspects that could be responsible for the disappearance of delta
smelt. Three of the primary suspects include: (1) invasive species that
outcompete or eat delta smelt; (2) loss of or changes to the physical
water bodies they inhabit that make it di�cult for delta smelt to live
in the estuary; and (3) extreme changes in environmental conditions,
such as water temperature, salinity, and muddiness of the water. The
environment in the Estuary is complex and has changed over time.
Therefore, it is likely that all three of these suspects, and possibly
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Figure 1

Figure 1

(A) The missing delta
smelt and (B) the
suspected Mississippi
silverside.

many others, have contributed to the disappearance of delta smelt.
This investigation will focus on the first suspect: invasive species that
outcompete or eat delta smelt.

INVESTIGATIONOF THE CRIME SCENE

First, we wanted to know which invasive species to question about the
disappearing delta smelt. We quickly began to suspect the Mississippi
silverside, an invasive fish whose introduction to the Estuary happened
around the same time as the disappearance of delta smelt (Figure 1B).
Oddly enough, delta smelt and Mississippi silversides are very similar in
their appearance, size, habitat preference, and eating habits. However,
since an adult fish cannot eat another fish of the same size, we think
that the adult Mississippi silverside might be eating delta smelt when
they are small larval fish, or when they are still eggs.

LARVAL

An early form of any
animal that sometimes
looks very di�erent
from the juvenile or
adult stages.

We needed a method to test if Mississippi silversides eat delta smelt
in the Estuary. But how could the unidentifiable, digested stomach
contents of Mississippi silversides tell us what they ate? One way to
find or detect a species is to test for the presence of its DNA. DNA
is the unique set of genetic codes that all living creatures have. Like
all good detectives, we tried to solve our crime by finding evidence
directly linking the suspect to the victim, such as the presence of the
victim’s DNA inside the suspect’s stomach. To do this, we collected
Mississippi silversides from two locations where delta smelt are known
to live, in nearshore andmid-channel environments of the Sacramento
River Deep Water Ship Channel (Figure 2). We then looked for delta
smelt DNA in the stomachs of Mississippi silversides.

We collected Mississippi silversides in the Sacramento River Deep
Water Ship Channel during early April, which is also the peak timewhen
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Figure 2

Figure 2

The scene of the crime,
where we suspect
Mississippi silversides
may be eating delta
smelt. If we zoom in on
the state of California,
USA, we can see the
Delta in the upper part
of the San Francisco
Estuary (SFE) in the
yellow-outlined box. If
we zoom in further on
the red box in the
estuary, we see a
satellite image of the
Sacramento River Deep
Water Ship Channel.
Mississippi silversides
were collected from
two locations in the
Ship Channel, using
two di�erent methods:
nearshore, using a
beach seine, and
mid-channel, using a
trawl from a boat (Trawl
photo credit: California
Department of Fish and
Wildlife).

delta smelt lay their eggs. Fish in themid-channel were captured using
a trawl, which is a net dragged behind a boat. Nearshore fish were

TRAWL

A method to catch fish
that involves dragging a
large net in the water
behind a boat.

collected using a beach seine, which involves two people dragging a

BEACH SEINE

A method to catch fish
which uses a net strung
between two poles that
is dragged along the
bottom of a
water body.

net along the bottom near the shore (Figure 2). The more Mississippi
silversides that we captured, the greater the chance of detecting delta
smelt DNA in their stomachs, and the stronger the evidence would be.
We removed the stomach contents from all the Mississippi silversides
we caught and extracted the DNA of the food in their stomachs. We
used a method that breaks open the cells of the Mississippi silverside
food so that we could release the DNA inside (Figure 3A).

We then used a DNA assay that could alert us to the presence of delta
smelt DNA in the stomach contents of Mississippi silverside [6]. This
assay is designed to match up, like a puzzle piece, with the unique
DNA sequence of a delta smelt (Figure 3B). When the DNA in the assay
matches with delta smelt DNA in the sample, a little fluorescent light
on the assay, called a fluorophore, glows to indicate that a match was

FLUOROPHORE

A light attached to a
DNA assay that glows
when it finds a DNA
match, alerting us to
the presence of the
DNA of the species we
are looking for.

found (Figure 3C). This means that if delta smelt DNA is present in the
stomach sample, there will be a fluorescent signal. The absence of a
fluorescent signal tells us that delta smelt DNA was not in the stomach
of the Mississippi silversides, or was not eaten recently enough to
be detected.

INVESTIGATION RESULTS

The investigators brought a total of 651 Mississippi silversides into the
laboratory for intensive questioning (in this case, stomach dissections)
related to the disappearance of delta smelt. Of the 651 suspects, 614 of
themwere collected from the nearshore habitat and 37were collected
from the mid-channel habitat. The suspects of the nearshore habitat
were found innocent, having no detectable delta smelt DNA in their
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Figure 3

Figure 3

(A) Stomachs were
removed from
Mississippi silversides
and DNA was extracted
from the stomach
contents. (B) Extracted
DNA was tested using
the delta smelt DNA
assay. (C) If delta smelt
DNA was present, the
assay would bind to the
DNA and the
fluorophore in the
assay would light up.
(Fluorescence photo
credit: New England
Biolabs).

stomachs: all 614 suspects tested negative. For the suspects in the
middle of the channel, almost half (41%) tested positive for delta smelt
DNA: 15 out of 37 Mississippi silversides were guilty and charged with
eating delta smelt.

CASE STILL OPEN

The DNA results showed that Mississippi silversides do in fact eat
smaller, younger delta smelt and could be a possible reason for
the disappearance of this species. Because all Mississippi silversides
containing delta smelt DNA came from the mid-channel of the
Sacramento River Deep Water Ship Channel, we guessed that larval
delta smelt prefer to spend their time in the middle of the channel.
Delta smelt prefer to live in specific conditions, with cool temperatures
andmuddier water, which theymay bemore likely to find in themiddle
of the channel. Alternatively, it is possible the Mississippi silversides eat
di�erent prey in di�erent parts of the channel. Mississippi silversides
are also known to move to di�erent areas during the day, to follow
prey. It is possible the Mississippi silversides in the nearshore beach
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seine samples had not yet moved into the mid-channel to eat delta
smelt. Importantly, DNA is only in the stomach until the predator
finishes digesting and processing themeal. Thismeans that delta smelt
DNA would not be detected if a Mississippi silverside had eaten a delta
smelt and then pooped it out before it was caught.

More detective work is needed to fully solve themystery of themissing
delta smelt. Researchers could look at how environmental factors
a�ect when Mississippi silversides eat delta smelt. They could also
use the DNA assay to see if other fish species are preying on delta
smelt. UsingDNAdetection has allowed scientists to better understand
which foods the fish in the estuary are eating and how diet preferences
impact the abundance of native species. However, there are plenty
of other major problems in the estuary that may contribute to the
disappearance of delta smelt, so this important investigation will be
long and complicated.
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YOUNG REVIEWERS

HUGO, AGE: 9

My name is Hugo, I am 9 years old and I am from Mexico City. My favorite hobbies

are: playing video games, building with legos, listeningmusic, and playing soccer. My

favorite soccer team is “FC Barcelona” and I love to play goalkeeper. I enjoy drawing

and seeing monuments, one of my biggest dreams is to travel around the world to

see the most important monuments and buildings of each city. When I grow up I

would like to be an architect or a professional soccer goalkeeper.

ITZAMNÁ, AGE: 8

Hi there! My name is Itzamná, it is a Mayan name. I love dinosaurs and e-games

and I spend a lot of time playing Roblox or Minecraft. I have been camping since

before I could walk, so I think I am a nature lover. I like science and enjoy each time I

participate in scientific events for kids because I love to do experiments with plants’

or animals’ DNA.
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